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MEETINGS 


of the 


American Institute of Electrical Engineers 


(See Announcements This Issue) 


WINTER CONVENTION, New York, N. Y. 
February 13-17, 1928 


ST. LOUIS REGIONAL MEETING, District No. 7 
March 7-9, 1928 

BALTIMORE REGIONAL MEETING, District No. 2 
April 17-19, 1928 

NEW HAVEN REGIONAL MEETING, Northeastern 
District No. 1, May 9-11, 1928 

SUMMER CONVENTION, Denver, Colo. 
June 25-29, 1928 


PACIFIC COAST CONVENTION, Spokane, Wash- 
ington, Aug. 28-31, 1928 


MEETINGS OF OTHER SOCIETIES 


American Engineering Council, Washington, D. C., Jan. 9-11, 1928 


American Institute of Radio Engineers, New York, N. Y., 
Jan. 9-11, 1928 


American Society of Civil Engineers, New York, N. Y., 
Jan. 18-20, 1928 


Midwestern Engineering and Power Exposition, Coliseum, Chicago, 
February 14-18, 1928 


American Institute of Mining and Metallurgical Engineers, 
New York, N. Y., February 20-23, 1928 
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The Institute is not responsible for the statements and opinions given in the papers and discussions published herein. 
These are the views of individuals to whom they are credited and are not binding on the membership as a whole. 
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Change in Institute 
Publications Ratified 

The opening article in the JOURNAL for November, 
1927, gave an outline of the changes proposed for the 
publications of the A. I. E. E. and these changes were 
adopted by the Board of Directors at its meeting on 
December 16th, after a careful canvas of the situation 
by the Publication Committee. They are being put 
into effect as rapidly as possible and it is expected the 
new plans will be in full operation within the next two 
months. 

In order that the changes should be acceptable to 
the membership, the Board of Directors, invited sug- 
gestions and criticisms, and in addition, two hundred 
letters were sent out by the Publication Committee 
to some of the most active members, also inviting 
comments on the proposed changes. The net result 
of these appeals was 75 letters from a membership of 
18,000, which can probably be construed as a vote of 
confidence in the Institute's committees to carry out 
its publication policies to the best advantage of all. 

Of the 75 replies received, 78 per cent endorsed the 
suggested changes unqualifiedly and but four or five 
had objections. "These letters also contained numerous 
suggestions which the Publication Committee ac- 
knowledges with thanks to the writers. Most of the 
suggestions received, however, had been previously 
considered and rejected for reasons which are more 
readily apparent to those experienced in the publishing 
business than to the laity. For example, several 
of the proposed plans would make the publications 
ineligible for second class post office entry, while others 
would require an additional force of employes to handle. 

The plan finally adopted, which it is believed will 
cover the Institute's publication requirements for 
several years, is predicated on the production of the 
maximum amount of technical literature for the avail- 
able money. "There is probably a general feeling that 
the Institute should be the repository for all of the most 
important contributions to electrical engineering litera- 
ture, and with this thought in view, the present plans 
contemplate a gradual increase in volume of material 
published, limited only by our financial resources. 


PAMPHLET COPIES 


As soon as practicable, after the receipt of manu- 
script, pamphlet copies of each paper will be printed, 
and an important point to be noted is that in every 
case the pamphlet copy will contain the paper in full. 
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Number 1 


Each pamphlet copy wil -bear. a serial number for 
convenience in ordering and this serial- number will 
appear on the JOURNAL: abridgments of'-thé papers 
and also on an order form to be printed in each number . 
of the JOURNAL. It will then only be necessary -to` 

check on the order form the number of the paper desired 
tear off the form and mail to headquarters in order to 
obtain any pamphlet copy free of charge. By means of 
this arrangement every paper is at once available to 
every member who wants it, and without any expense. 


THE JOURNAL 


As soon hereafter as the plans can be put into effect 
the JOURNAL will consist of articles none of which 
will be over four pages in length. These will consist 
chiefly of abridgments of the papers presented at 
conventions and regional meetings, but owing to the 
condensed form in which they will appear, sufficient 
space will be conserved for the publication of many 
section and branch papers of merit, as well as con- 
tributions, all of which have been largely crowded out 
in the past for lack of space. The JOURNAL will 
therefore contain a resumé, in brief and interesting 
form, of each of the papers published by the Institute, 
which it is thought will enable every member to keep 
abreast of electrical progress in all fields without being 
bothered by details in which only the specialist is 
interested. At the same time, any paper the reader 
may desire in full is immediately available, as explained 
above. Discussions in the JOURNAL will be in abstract 
only. 


THE TRANSACTIONS 


Volume 45 of the TRANSACTIONS for 1927, which is 
now in course of preparation, will be the last annual 
volume to be published by the Institute. "Thereafter 
the TRANSACTIONS will be issued quarterly, in pamphlet 
binding, for which a subscription price of two dollars 
per year will be charged. In all respects the contents 
of the Quarterly TRANSACTIONS will be the same as in 
the Annual TRANSACTIONS, that is, all papers and 
discussions will be printed in full. Objections have 
been made in some cases to the pamphlet binding of 
the quarterly, and to meet such objections arrange- 
ments have been made to bind the quarterly in cloth, 
identical in style with the previous annual volumes, 
for an additional price of two dollars. 

The annual volume for 1927 will include the papers 
presented during that year from January 1st through 
the 1927 Summer Convention. This will make a 
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book of about 1200 pages. The first quarterly will 
include the papers presented at the Pacific Coast 
Convention and the Chicago Regional Meeting in the 
Fall. It is estimated the quarterlies for 1928 will 
average about 375 pages in size, and will be published 
in the months of January, Apri!, July dnd October. 
One effect of issuing the TRANSACTIONS quarterly is to 
advance the time of pukligutton about a year, and there- 
fore during the ti ansitidn period of 1928 the membership 
will be receiving both the 1927 Annual, and the 1928 
. qQfiartérlres, so that subscriptions to both will fall due 
"during the same year. 

In order that the above program may be put into 
effect the Board of Directors at its last meeting adopted 
the following ruling: 

Manuscripts of over 4000 words intended for publication in 
the JoURNAL in abridged form, must be accompanied by an 
abridgment of not more than 4000 words, and of a proportion- 
ately smaller number of words if illustrations are included. 

Hereafter an essential part of all papers submitted 
will be an abridgment, in accordance with the above 
ruling, for JOURNAL publication. It is not believed 
that this will impose any additional burden upon the 
authors as they now have to prepare abridgments in 
order to present the papers at meetings in the allotted 
ten minutes time. The same abridgment, covering 
the most important features of a paper, would be 
suitable for JOURNAL publication and for presentation 
at meetings. 

* * * * * 

The results of the new publication policy may be 
briefly summarized as follows: 

1. Each member will receive the monthly JOURNAL 
as at present and such complete pamphlet copies as 
he may select, without extra charge. 


2. Each member subscribing two dollars will 
receive four QUARTERLY TRANSACTIONS containing all 
papers and discussions in full that are deemed suitable 
for this permanent reference work. 


3. Each member subscribing four dollars will 
receive the QUARTERLY TRANSACTIONS bound in cloth 
identical in style with the annual TRANSACTIONS of 
previous years. 


4. During 1928, both an annual for 1927 and 
quarterlies for 1928 will be published and subscriptions 
for both will fall due. 


Some Leaders 
of the A. I. E. E. 

Edward Leamington Nichols, Professor Emeritus 
of Physics, Cornell University, a Member of the 
Institute since 1887 and its vice-president 1889-1891, 
was born September 14, 1854, at Leamington, England; 
his parents, however, were Americans, their home being 
in New York City, and the boy was prepared for college 
at the Peekskill Military Academy. In 1871 he entered 
Cornell, studying under Professor William A. Anthony, 
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then in charge of the Department of Physics. Later 
in 1887 when Professor Anthony left the chair, his 
former pupil was chosen to fill the vacancy, continuing 
as head Professor of Physics until his own retirement. 
Following his graduation from Cornell, Doctor Nichols 
went to Germany to continue his studies with such 
teachers as Wiedermann, Kirchhoff, Helmholtz and 
Listing. It was under Listing that he received his 
degree of Doctor of Philosophy from the University of 
Gottingen. As a Fellow of Johns Hopkins, Doctor 
Nichols returned to America to continue his scientific 
work in the laboratory with Professor Henry A. Rowland. 
Thus, he had the great advantage derived from 
early association with the leading physicists of both 
Germany and Ameriea, and in the early days when 
establishing technical courses work in electrical engi- 
neering was often combined with the study of physics. 

In 1880 Doctor Nichols joined the staff of Thomas A. 
Edison at Menlo Park, there working with problems 
appertaining to the incandescent lamp. The follow- 
ing year, however, he was called to the Central 
University of Kentucky as professor of Physics and 
Chemistry, in 1883 he was made professor of Physics and 
Astronomy at the University of Kansas. At Cornell, 
Doctor Nichols has made exhaustive researches in the 
fields of electricity and optics. He was the first to 
investigate alloys with low temperature coefficients of 
resistance and to show that certain proportions of the 
ingredient alloys could be obtained even with a zero 
ornegativecoefficient. Hiswork dealt with photometry, 
physiological optics, fluorescence, phosphorescence, 
luminescence and co-related phenomena. Many of his 
papers on experimental physies have been published in 
the scientific journals of Germany, England and America; 
his books too are well known to the professional world. 
In 1893 he founded the journal, Physical Review, himself 
editorin-chief. In the same year he became secretary to 
the Chamber of Delegates of the Electrical Congress at 
Chicago, and a member of the visiting committee 
officially appointed by the Bureau of Standards. He 
obtained his B. A. from Cornell, the degree of LL.D. 
was conferred upon him from the University of Pennsyl- 
vania and his D.Sc. was earned at Dartmouth. He is 
a Fellow of the American Academy of Arts and Sciences, 
a member of the National Academy of Sciences, the 
American Philosophical Society, past-president of the 
American Association for the Advancement of Science 
and the American Physical Society; and honorary 
member of Illuminating Engineering Society and the 
Optical Society of America. While Doctor Nichols’ 
work has been of great practical value his ideals are 
research for its own sake. It is his contention, however, 
that many practical applications of fundamental 
scientific truths cannot be foreseen and that therefore 
this same application is but the outgrowth of research 
which at its inception, might appear to have little or 
no practical application. He has been rightfully 
placed among the leading scientists of the age. 


Operation and Performance of Mercury Arc 
Rectifier on the Chicago, North Shore and 
Milwaukee Railroad Company 
BY CAESAR ANTONIONO: 


Assoclate, A. I. E. E. 


Synopsis.— Actual operating results and experiences with a 
mercury arc rectifier feeding a railroad are given in this paper. 


HE application of the mercury arc rectifier is one 
of the newest developments in the railway power 
field and very little is yet known about its possi- 

bilities and applications in this country. 

Other papers presented before the Institute have 
covered the technical points and details on the subject, 
so that I shall attempt to confine myself to the rectifier's 
performance on railway work in conjunction with auto- 
matic operation. 

The development of the rectifier in this country is 
very much in its infancy as regards its commercial 
application. It appears to be used more extensively 
in Europe, and the extent to which it will be applied 
here is limited only by the economieal and operating 
results which can be obtained. 

In considering its application to any property we 
naturally compare it with the synchronous converter 
and motor-generator set designed to serve the same class 
of service, with which we are familiar. 

The advantages of the mercury arc rectifier over the 
synchronous converter and motor-generator according 
to previous papers presented before the Institute are: 
. High efficiency over the whole working range, 
. Very high capacity to absorb momentary loads, 
. Insensibility to short circuits, 

. Nosynchronizing, 

. Simple operation and minimum attention, 
. Noiseless operation and no vibration, 

. Low maintenance cost, 

8. Reliability of service. 

This paper discusses each of these points in connection 
with the experience we have had with the operation of a 
rectifier on the Chicago, North Shore and Milwaukee 
Railroad. The rectifier is rated at 1000 kw., 600 volts 
direct current and it is located on the section of the road 
as shown in Fig. 1. "This section is fed also by syn- 
chronous converters of 1000-kw. and 1500-kw. rating as 
shown. This rectifier, made by the General Electric 
Company, is the first 600-volt machine made in this 
country which has been installed in actual service. 
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1. Chicago, North Shore and Milwaukee Railroad Co., 
Highwood, Ill. 

Presented al the Regional Meeting of District No. 5 of the 
A. I. E. E., Chicago, IU., November 28-30, 1927. 


The rectifier is compared with synchronous converters in regard to 
efficiency, troubles, maintenance and other points. 


EFFICIENCY 


The efficiency of the rectifier was compared with that 
of five converter stations by taking measurements on 
each substation for five months. "The results of the 
records are shown in the accompanying Table I. The 
efficiency is taken as the d-c. output divided by the 
a-c.input. The figures include the efficiency of power 
transformer and converter or rectifier. They do not 


Libertyville Line 


Liberty Lake | © f, 
1000 Kw. Rotary L2 


44? Mi. Lake Bluff 


1000 Kw. Rotary 


1000 Kw. Rectifier 
Substation, No.5 


No.] 
1500 Kw. Rotary 


"Niles Center 
© 2000 Kw. Rotary 


4.40 Mi. 
Niles Center Branch 


Fia. 1—SeEcTION or RatLROoAD FED BY RECTIFIER SUBSTATION 


Location of synchronous converter substations also shown. Part of 


Chicago, North Shore & Milwaukee Railroad 


include the power used for the operation of automatic 
devices and auxiliaries such as vacuum pump, motor- 
generator set, heaters in the rectifier station, nor the 
power used by auxiliaries and a-c. contactors in the 
converter stations. 


I believe this comparison is fair. It was the best 
method I had of making a comparison in the short time 
available preparing this paper. Although not exactly 
correct, it shows a pronounced difference in the effi- 
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TABLE I 
PERFORMANCE OF RECTIFIER AND SYNOHRONOUS CONVERTER SUBSTATIONS 


The kw. and efficiency values do not include the power used for the operation of automatic devices and auxiliaries such as vacuum pump, water pump, 
motor-generator set and heaters in the rectifier station nor the power used for auxiliaries and a-c. contactors in the converter stations 


Month of May 1927 


Month of June 1927 Month of July 1927 


L7] = Š 
T| È| " : [8 |Æ H | & 
Substations zl gfe sls |25 5 SE 
3|3|f 5 3 P. B a |E] B 
m» 
o o > o » » © > > 
éléà&ls4 HL E leg|<8 e (29148 AE 
No. 1. substation......... A-C.input | 87300 
1500-kw. syn. converter...|D-C.output| 62130| 341 | 11 71.2 300 | 10 130 341 11 167 | 69.5 
No. 2. substation......... A-C. 43500 
1500-kw. syn. converter. . .|D-C. 30550| 201 | 6.5 70.2 180 6 128 201 6.5 | 125 | 73.7 
No.3.substation......... A-C. 69600 
1500-kw. syn. converter. ..|D-C. 63200} 310 | 10 76.5 330 | 11 176 341 11 178 | 77.6 
No. 4. substation.-........ A-C. 125700 
1500-kw. syn. converter.. .|D-C. 97900| 434 14 78 315 10.5 197 372 12 196 76.3 
Liberty Lake............ A-C. 115950 
1000-kw. syn. converter.. .|D-C. 83154| 496 | 16 71.8 |105844| 660 | 22 160 | 75.6 |104203| 715 23 131 | 71.3 
No. 5.substation......... A-C 89700 79950 
1000-Ew. mercury arc rec- 
tifler.................. D-C 71952| 403 | 13 80 270 9 232 | 82.8 | 657471387.5| 12.5 | 170 | 82.2 


TABLE I—CONT. 
PERFORMANCE OF RECTIFIER AND SYNOHRONOUS CONVERTER SUBSTATIONS 


The kw. and efficiency values do not include the power used for the operation of automatic devices and auxiliaries such as vacuum pump, water pump: 
motor-generator set and heaters in the rectifler station nor the power used for auxiliaries and a-c. contactors in the converter stations 


Month of August 1927 
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Substations E g E] 
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No. 1 substation...................00. A-C. input | 95700 
1800-kw. syn. converter................ D-C. output | 69770] 403 13 
No.28ubstation.................. e. ee A-C. 32100 
1500-kw.syn.converter................ D-C. 21133] 186 6 
No.358substation.................. eee. A-C 104400 
1500-kw. syn. comverter................ D-C 83200; 372 12 
No.4substation...................... A-C. 84600 
1500-kw.syn.converter................ D-C. 65800| 310 10 
Liberty Lake.................... een A-C 119250 
1000-kw. syn. converter................ D-C 88240| 434 14 
No. 5substation..... cesses A-C 70215 


56721| 341 11 


ciencies of the two types of equipment under nearly 
similar load conditions and very low load factor. 


VERY HIGH CAPACITY TO ABSORB MOMENTARY 
OVERLOAD 


The ability of the rectifier to carry high momentary 
overloads is seen from the accompanying Fig. 2 which 
shows a graphic ammeter chart. 

This chart which was taken 12 hr. after the unit was 
put in operation on a day of extremely heavy traffic. 
It "shows load peaks much above the rating of the 
rectifier. There were no signs of being overloaded, 


day 


Month of Sept. 1927 
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173 72.9 | 61190} 330 11 185 72.6 | 70.8 | 167.4 
50220 
113 | 65.8 | 33197] 240 | 8 138 | 66.1 | 68.7 | 131 
95370 73.4 
223 79.7 | 75300} 360 12 209 78.9 | 78.2 | 191.5 
83040 
212 77.8 | 62300| 285 9.5 218 75. 76.3 | 209.2 
118740 
203 73.1 88731| 525 17.5 169 74.7 | 73.3 | 166 
83460 
166 80.7 | 67868| 420 14 161 81.3 | 81.7 1181.4] 81.7 


an occasional opening of the high-speed circuit breaker 


which would reclose immediately, was the only trouble 
experienced in carrying this load. 

Fig. 3 shows the typical load on the station. There 
are many very high load demands of short duration 
some of them well above the rated capacity of the 
rectifier. 

On sustained overload we are not in position to give 
much information. Usually the load demand above 
the rectifier rating is of short duration, but there are 
unusual conditions on the railroad when a load of 175 
or 185 per cent of the substation capacity may be 
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carried by any of these stations. The duration of 
this load is controlled by thermostats on the load- 
limiting resistors set to release this load in about six 
or seven min. 


It is, however, possible to have aload above therating 
of the equipment and below the 175 per cent overload 
relay setting for a much longer time than 7 min. A 
load of this kind would be without thermostatic control 
and might last indefinitely. It could be caused by 
traffic schedule disarrangement on account of trouble, 
extra passenger or freight service or a trolley wire on the 
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imposed on the rectifier an overload of much longer dura- 
tion than we know. There are norecording instruments 
to show when this occurs. The rectifier does not show 
any signsof having been abused; momentary opening of 
the high-speed circuit breakers is theonly indication that 
there must have been excessive load. 
INSENSITIVITY TO SHORT CIRCUITS 

Our experience shows that the rectifier is not sensitive 
to short circuit. Repeated reclosing on a short cir- 
cuit does not affect the rectifier. Under the same 
treatment a synchronous converter of the same capacity 
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Part of record of June 24, 1926 on Substation No. 5 of Chicago, North Shore and Milwaukee Railroad 
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Fig. 3—TYPICAL LOAD ON THE RECTIFIER SUBSTATION 


4—1000-Kw. Mercury Arc RECTIFIER AND AUTOMATIC 
SWITCHBOARD 


Substation of Chicago, North Shore & Milwaukee Railroad 


Fig. 


ground at such a distance that the resistance of the 
feeders would limit the current. 

Happenings of this nature are not unusual on a rail- 
road and I believe that we have more than one time 


would be likely to flashover regardless of the protective 
devices, and in an automatic substation it would lock 
itself out and the station would be shut down until an 
inspector could put it back in service. 


No SYNCHRONIZING 


The fact that synchronizing is not necessary with the 
rectifier is quite important. In the automatic stations 
on our system only 4 to 6 sec. are required to connect a 
rectifier to the line. From 20 to 35 sec. are required to 
put a converter on the line. Therefore we can deliver 
a higher voltage to the train and trolley 16 to 29 sec. 
sooner with a rectifier. 


SIMPLE OPERATION AND MINIMUM ATTENTION 


We must agree that the mercury arc rectifier requires 
less attention than the synchronous converter, and its 
operation is much simplier. There are no brushes, 
commutator nor slip-rings to take care of. There is no 
dust spreading over the equipment. These advantages 
arevery much appreciated inautomaticstations without 
attendance. The ventilation of the equipment and 
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building is also simplified as compared with converters, 
especially in unattended stations. 

I do not want to create the impression that there are 
less devices involved in the mercury arc rectifier than 
there are in the converter station. On the contrary, 
with the rectifier more auxiliaries are used, such as 
arc-starting exciters, vacuum pump, water supply, 
temperature regulators, tank heaters, ete. While in 
our case some of these devices have caused a large 
number of shut-downs, the troubles were in the in- 
dividual pieces of apparatus and they have been cor- 
rected. Those devices should not need much attention. 


NOISELESS OPERATION AND NO VIBRATION 


The absence of vibration and noise in the mercury 
arc equipment makes it possible to install it in locations 
where the synchronous converter would not be allowed. 
In one converter installation it cost about $8000 for 
sound-proofing and ventilating the substation building, 
eliminating the noise to comply with the wishes of the 
surrounding residents. Such expense would not have 
been necessary with mercury are equipment. In- 
cidentally in addition to the first cost we have added 
ventilating equipment and extra building maintenance. 
Obviously, with the absence of vibration it is not neces- 
sary to install special foundations for the rectifier. 
It may be set on an ordinary floor. Ventilation becomes 
of minor or no importance, and in general a less expen- 
sive building is required. 


LOWER MAINTENANCE COST 


We do not know at this time just what maintenance 
will be necessary on the rectifier. 

From May 1926 to May 1927 this station was 
attended by an operator and the manufacturers of the 
rectifier kept a close watch on its performance. Being 
in a development or trial stage they took care of neces- 
sary maintenance. In addition, new developments 
which they made in other installatrons were applicable 
to this equipment and minor changes were made 
accordingly. Since May of this year this equipment 
has been in automatic operation without an operator. 
The maintenance required is very little, outside of the 
regular weekly inspections it has amounted only to 
applying a little oil. Like others we are watching this 
item with a great deal of interest. Our impression is 
that the maintenance will be very much less than that 
required for a converter although some manufacturers 
may have stretched this point a little too much. Time 
will tell. 


RELIABILITY OF SERVICE 


The automatic rectifier station is as reliable, or more 
reliable, than the average 60-cycle synchronous con- 
verter station of the same capacity. 

The record for this rectifier substation, commencing 
May 1926, when it was first started and put in service, 
all through a trial and adjusting stage until May 1927, 
when it was made automatic is as follows: 
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RECORD OF SHUT-DOWNS OF RECTIFIER 


Total time, 
Cause of shut-down No. min. 
High temperature of tanks................. 2 48 
Excitertrouble................. eee eene 39 536 
Driving chain and motor on water pump.... 13 315 
Loose connection and bad control circuit.... 3 50 
Vacuum-pump trouble, motor and oil pump. 3 260 
Flashoverofanodes................. ees 6 819 
Starting anodessticking................... 5 602 
Misc. unknown............ eese enn 12 1109 
Total shut-downs.............. eene 83 3739 
Total time rectifler operated 337,140 min. 
Per cent of 
No. of Ave. time time of 
Shut-down by failure of times min. operation 
Rectifler................... 25 58 0.438 
Auxiliaries................ s 58 39 0.674 
P. 0| MN TRE 83 45 1.109 


Commenting on the foregoing data, it is of interest to 
note that the time the rectifier was out of service on 
account of troubles with the rectifier itself was 0.435 
per cent of the total time. "The time lost on account of 
the auxiliaries failures was 0.674 per cent of the total 
time. 

The nature of the trouble with the auxiliaries is rather 
interesting. A larger amount of trouble might be 
expected with the rectifier on account of its newness 
in the field, but to have a small motor-generator set 
or a chain on a water pump and motor cause this 
bad record is out of place in our days. Engineers have 
been building and operating motor-generator sets and 
water pumps for years, but in this case we were after 
the big things but let the little things cause the most 
trouble. Fundamentally the record is good, the nature 
of the troubles is not serious. Since May 1927 the 
record as an automatic substation is as follows: 


No. of 
Failure in auxiliary shut-downs 
Motor on one vaeuum-pump burned out.......... l 
Locked out after third reclosing of the oil circuit 
breaker within a definite time during storms..... 3 
Locked out on account of broken spring on oil- 
switch meehanieallateh....................... 3 
Locked out after third reclosing of the oil circuit 
breaker within a definite time, cause unknown... 5 
Fuse blown on operating transformer supplying 
power for the operation of devices.............. l 
Total shut downs.............0 cee eee 13 


Of all these shut-downs, the five lock-outs after the 
third closure of the oil switch could be questioned and 
possibly may have been caused by arc-back in the 
rectifier, or other troubles in the control which we 
have not detected. All the remaining troubles were not 
inherent with the rectifier, but were caused by other 
devices. 

Our confidence in its reliability is such that we have 
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established a weekly inspection for this rectifier station, 
but we do not consider it advisable at present to leave 
a converter so long without inspection. 

The record of the rectifier was compared with that of 
a synchronous converter of modern design and of the 
same capacity. This converter is located on another 
section of the railroad where the load conditions are 
about the same. It is protected from excessive loads 
by load-limiting resistors without high-speed circuit 
breakers. In this comparison I used none of the con- 
verters shown in Fig. 1 because these converters are 
of larger capacity than the rectifier and naturally they 
are more stable and would take a larger shock and carry 
more load without flashing over; nor have I used the 
converter at Liberty Lake, Fig. 1, as the momentary 
load demands on this station are less than they are on 
the rectifier. 

The converter which I compared had 45,434 hr. of 
run on its record on May 1927 and had 34 flashovers 
causing as many shut-downs, representing 276 hr. out 
of service on account of flashovers. There was an 
average of 8.1 hr. out of service per shut-down as the 
majority of these flashovers, damaged commutator 
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flash barriers, brushes, brush rigging and the insulation 
in other parts of the machine. 

Since May 1927 to date this same converter flashed - 
over 8 times and due to the many flashovers which this 
machine has had, extensive repairs had to be made on 
the commutator, rings and other insulation involving 
150 hr. in one shut-down. 

This record seems to indicate that the troubles with 
the rectifier itself probably will not be as serious as with 
the converter of the same capacity under similar load 
condition. 

The writer has great confidence that the mercury arc 
rectifier 1s here to stay and predicts that 10 or 15 yrs. 
from now a large application supplementing the con- 
verter. The converter had its day, the rectifier’s 
day is coming. It is true that the rectifier at present 
costs more than the converter of the same capacity and 
there is some misunderstanding as to its rating. But 
with an increasing number of installations and our co- 
operation, as operators, with the manufacturers, the 
development process will be speeded up and the pro- 


‘ duction cost will naturally be reduced to a figure 


comparable with that of the converter. 


The Hall High-Speed Recorder 


BY E. M. TINGLEY: 


Associate, A. I. E. B. 


Synopsis.—A new form of oscillograph for recording fault 
currents and their voltage disturbing effects in electric power systems 


INTRODUCTION 


IFE histories of electrical disturbances in the exten- 
sive 60-cycle, 12,000-volt systems of the Com- 
monwealth Edison Company have been written 

during the last few months by the high-speed recorder 
developed by Chester I. Hall. The object of this paper 
is to describe the application of the device and the 
records obtained with only a limited reference to the 
details of its construction. 


DESCRIPTION OF RECORDER 


This instrument is a form of oscillograph for tracing 
continuously the maximum values of current and volt- 
age during system fault conditions. Sturdy construc- 
tion makes it suitable for application in generating 
stations and substations. It seems to be the only 
instrument yet developed for this class of service. 
Its performance lies between that of the standard 
oscillographs and the switchboard curve-drawing meters 
with speed-up attachments. 

The measuring element or meter is of the saturated 


1. Commonwealth Edison Company. 
Presented at the Regional Meeting of District 
of the A. I. E. E., Chicago, IU., Nov. 28-80, 1927. 


No. 6, 


is described. Representative records are analyzed and further appli- 
cations of the instrument are suggested. 


magnetic-vane type, having a natural period of vibra- 
tion sufficiently high to attain full deflection always in 
the same direction in each half cycle of current 
measured, and the motion is practically dead beat. 
The envelop of the maximum deflections is therefore 
a measure of current or voltage. 


Four meters, three for voltage and one for current, ` 
are inclosed in a light-tight case, and the records are 
made on a flat stationary, 11l-in. by 14-in., superspeed 
photographie film. | 

The optical system consists of an automobile lamp 
with reflectors and lenses for concentrating light beams 
on the mirrors of the oscillating systems from which 
they are reflected to a movable plane mirror, which in 
turn reflects them to the photographic film. The plane 
mirror traverses the light beams across the film, giving 
a time scale to the records of 1in. persec. The travers- 
ing mirror is operated by a phonograph spring motor 
through suitable gearing. 

A starting relay, dry batteries for the lamp, trans- 
formers for the current and voltage meters, and alarm 
and signal circuits complete the installation. 

Under fault conditions, the relay connects the mea- 
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suring elements to their transformers, lights the lamp, 
and starts the light-traversing mirror. The starting 
operations require 1/10 sec. or less. At the end of the 
record, which continues for 10 sec., the measuring 
elements are disconnected from their operating circuits, 
the lamp is extinguished, and the alarm is sounded. 


APPLICATION 


The Hall recorders as applied to the Commonwealth 
Edison system are installed in generating stations. 
They are started by fault currents to ground, and they 
measure this current and the three-phase voltages to 
ground. As faults invariably go to ground, the maxi- 
mum information is obtained from a minimum number 
of recording elements. 

The’ Commonwealth Edison 60-cycle, 12,000-volt 
system consists of four large separate systems, Craw- 
ford, Calumet, Fisk, and Northwest. Each unit 
system consists of a generating station with radial 
distribution cables to the substations. The neutral 
of one generator in each station is grounded through a 
3-ohm resistor which limits ground-fault currents to 
about 2000 amperes. There are several hundred miles 
of 3-conductor cables in each 12,000-volt distribution 
system with only a few short overhead or open lines. 

The generating stations are usually coupled only 
through their transformer lines so that a ground fault 
in one system does not cause ground current in another 
system. However, Fisk and Crawford are occasion- 
ally conductively coupled at 12,000 volts, and with this 
condition a fault causes neutral current at both generat- 
ing stations. 

The relays were first adjusted to trip with 125- 
amperes neutral current, but so many transient currents 
of undiscoverable origin operated the recorders without 
leaving a record that all the relays were readjusted to 
trip with 400 amperes. Transient currents were prob- 
ably caused by synchronizing operations or the starting 
of transformers or motors. 

The rather high condensive coupling to earth by the 
cables of the distribution systems may possibly be 
responsible for some of the neutral transients. 

More than 100 records have been obtained, but only a 
few representative forms can be shown and described. 
They are necessarily a ‘‘behind-the-scenes”’ view of some 
_ of the accidents and failures incident to the operation 
of a great power system. However, very few of the 
failures recorded interrupted service. 

The following paragraphs describe the faults recorded 
on the records shown in the corresponding illustrations. 


RECORD No. 20, CRAWFORD STATION 


Lightning on an overhead line started this fault. 
The B-phase was first affected after which the arc 
extended to the other phases in an irregular manner. 
The short period of zero neutral current may have been 
due either to the effect of a three-phase arc or to the 
momentary complete extinguishment of the arc. The 
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opening of two circuit breakers, indications of which are 
lost in the arc irregularities, relieved the system of this 
fault. 

The excessive voltage disturbances shown are with 
respect to ground only. The delta cr phase-to-phase 
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voltage at the generating station is affected only 
slightly. 

The disturbance pattern is characteristic of a long 
flaming arc in air. | 


RECORD No. 27, CRAWFORD STATION 
This is an unusual case of two simultaneous single- 
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phase failures to ground on separate cable lines. One 
failure by distortion of the system voltage with respect 
to ground precipitated the second failure and four 
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circuit-breaker openings were required to clear the two 
faults. Note that there are seven different steps in the 
neutral ground current. One of these is probably due 
to arc variations. 

The first failure is on the A-phase and the second on 
C-phase. The abrupt increase of current at the begin- 
ning of the second fault is characteristic, as practically 
all records show that cable faults attain high current 
values very quickly. 

The horizontal lines and patterns within the records 
are due to multiple reflections in the optical system. 
The vertical bands are caused by slight irregularities in 
the gears which drive the mirror that traverses the light 
beams. 

A small allowance in the time scale is made for the 
starting time of the recorder. 


ReEcorD No. 32, CRAWFORD STATION 


A three-phase cable fault produced this diagram 
and inspection of the burned cable indicated that the 
fault probably started between two phase conductors 
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and burned some time before going to ground, as the 
small time.and small ground current indicated by the 
record do not account for the extent of cable burning. 
Zero value of neutral current during the first second of 
the record may be due either to a three-phase arc, or 
to the entire extinguishment of the arc. The fault was 
cleared by the operation of two oil circuit breakers, the 
effects of which are lost in the irregularities of the 
currents. 


RECORD No. 34, CRAWFORD STATION 


This record started with a C-phase cable fault to 
ground which extended to A-phase after 6.71 sec. The 
circuit-breaker relays were slow to respond to the 
ground-fault current, but the fault was quickly cleared 
by three circuit breakers after it developed to include 
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another phase. As there are indicated only two steps 
in the neutral current reduction and three circuit 
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breakers operated, it seems that two breaker openings 
were simultaneous. 


RECORD No. 35, CRAWFORD STATION 


This is a usual fault to ground in one phase of a cable 
that was relieved by two circuit-breaker openings. The 
rounded corners in the current cut-off may indicate 
arcing within the circuit breaker. That the A-phase 
only is involved in the fault is shown by the reduction 
of the voltage of that phase to ground, and the increase 
of voltage on the other two-phases. This may be other- 
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wise expressed as the displacement of the neutral 
point within the delta or as the tendency of the system 
voltage diagram to stand on one corner. 
REcORD No. 38, CRAWFORD STATION 

This record was made when system voltage was 
applied to a faulty cable. It is usual to make a ground 
test on a faulty cable by applying full system voltage 
on each phase singly by closing the disconnect and then 
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closing the oil circuit breaker. In this case, the circuit. 
breaker was closed twice on the faulty phase, B, possibly 
through the defective action of the circuit breaker 
Uniform closing and opening speeds in the circuit 
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breaker are indicated in both cases. This is an ex- 
ample of the way in which the Hall recorders furnish 
checks on the condition of apparatus and on its correct 


operation. 


RECORD No. 43, CRAWFORD STATION 


This trouble was caused by the leakage of brine on 
transformer bushings in an ice plant. Four bushings 
broke down. Two circuit-breaker operations were 
required to relieve this fault which may have extended 
beyond the 10-sec. limit of the recorder. The fault 
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seems to have started with small arcs on all three-phases 
and then ceased entirely, after which it concentrated 
on the B-phase and then on the C-phase. The irregu- 
elarities in current and voltage are those of long arcs in 
alr LJ 
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RECoRD No. 13, CALUMET STATION 


The steady current effect of the single-phase fault 
in the cable is again shown. The first and greatest 
reduction of fault current is caused by the opening of 
the circuit breaker at the generating station and the 
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final interruption is at the substation end of the cable. 
The fault current burned one cable conductor entirely 
in two. Small oscillations on B-phase voltage indicate 
that some synchronous apparatus may have been dis- 
turbed at the time the first breaker opened. 


RECORD No. 19, Fisk STATION 


This most remarkable record of the series shows two 
cable failures and a generator winding failure, all to 
ground. In addition, there are three oil circuit breaker 
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operations and the opening of the generator-field circuit 
breaker, and the resultant dying down of the generator 
voltage. In this particular installation, the voltage is 
measured to the generator neutral and not to ground; 
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consequently, the voltage distortion registered is small. 

It is possible to determine the time sequence of only 
a few of the events. The record started with a high 
neutral current due to B-phase cable fault, as the volt- 
age on this phase is low. After about three seconds the 
C-phase was involved. The resulting voltage dis- 
turbance caused the generator winding to break down, 
which was quickly cleared through the action of the 
balanced differential relays. The relays also opened 
the generator-field circuit breaker and the generator 
voltage died down. The fault persisted on the B- and 
C-phases of the generator as indicated by thelow voltage 
on these phases, and the higher voltage on the A-phase. 


STARTING CHARACTERISTICS 


In the generating stations as the recorders are started 
by neutral ground currents, a fault between phases 
does not start the recorder until shortly after it develops 
into a ground fault. Important parts of some faults 
are therefore lost. It has seemed impracticable to 
arrange a relay for starting on excess phase currents, 
as ground-fault currents are usually small and become 
lost in the load currents. Also, it is impracticable to 
start a recorder in generating stations by phase voltage 
reduction, as this is usually small. Starting on neutral 
ground current is the best compromise that can be 
effected. 

It has been proposed to install recorders in some sub- 
stations where the effects of voltage disturbances are 
important. A quick start may be made here on voltage 
reduction between phases, where it is important, but 
there will be no response to phase-to-ground distortions 
such as are measured at thegenerators. More complete 
information will beobtained through two sets of records, 


one at the generating station and one at the substation. 


Records are frequently lost through the improper 
handling of the film holders and two separate sources 
of records furnish a good insurance against complete 
loss in important cases. | 

USE IN TESTING 


Recently during oil circuit breaker testing, the 
recorders were found very valuable in measuring effects 
of the test currents on the system. The long time scale 
allowed the starting of the instruments through tele- 
phone orders just before the test currents were applied. 
There were, therefore, no lost intervals such as occur in 
automatic starting. Both generator and substation 
voltage disturbances were accurately measured. Such 
information is very valuable where synchronous 
apparatus or induction motors having no-voltage 
releases are liable to be shaken off the system due to 
momentary voltage reductions because of testing or 
fault currents. 

GENERAL COMMENTS REGARDING RECORDS _ 

Records are not used to locate or identify system 
faults. This is better done by methods that were 
used before the recorders were available. Faults are 
located, inspected, and repaired long before the films 
are collected and developed. Usually there is a good 
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agreement between the Hall records and inspection 
reports regarding the phases affected and other details 
so far as they may be interpreted. Normal faults to 
ground in cables and resulting breaker operations are 
rather uniform in performance. Departure from a 
normal characteristic calls for explanation regarding 
circuit-breaker relay operation, and in this way the 
records are of great value in checking the operating 
condition of such apparatus. 

The effectiveness of the isolated-phase principle in 
generator station design has been fully demonstrated 
and recorded. On one occasion a single-phase arc to 
ground.on the Crawford bus burned for 214 min. 
without affecting service. "Thefirst four seconds of fault 
produced a record at Fisk Street through a temporary 
12,000-volt tie. The remainder was obtained from 
the speed-up charts. 


THE NEW HEINRICH HERTZ INSTITUTE 
FOR OSCILLATION RESEARCH AT THE TECHNICAL 
HIGH SCHOOL IN BERLIN 


The extraordinary rapid development in all branches 
of technical electricity, especially in communication, 
together with the unfavorable conditions of the post- 
war period, has left the scientific research work in this 
field far in the rear. The danger in this condition 
requires no discussion; in the final analysis, every ad- 
vance depends on the results of scientific research; 
without it, a sound development of technology is not 
possible in the long run. In order to promote research 
on the subject of electric and acoustic oscillations, in 
support of a suggestion made by State Secretary Dr. 
Bredow, the German Post Office, the Prussian Minister 
of Science, Art and Public Education, the Reichsrund- 
funk-Gesellschaft, the Technical High School of Berlin, 
the large firms in the electrical industry, and the Ver- 
band Deutscher Elektrotechniker organized for oscilla- 
tion research. The group has the task of inaugurating 
and maintaining a research institute at the Technical 
High School of Berlin, to be known as the “Heinrich 
Hertz Institut für Schwingungsforschung" in honor of 
the discoverer of the electric waves. It will have as its 
head, the former president of the Telegraphentechnis- 
chen Reichsamt, Prof. Dr. Engr. E. H. K. W. Wagner. 
At the same time President Wagner will assume the 


professorship for oscillations, just formed at the Techni- 


eal High School of Berlin. 


Commercial Messages over the oceans interfere very 
little with land broadcasting now because of the passage 
of the old-style spark transmitters which once were 
scattered up and down the coasts, especially from Bar 
Harbor, Me. down to Washington, D. C. These 
usually operated on a wave length of about 450 meters. 
Today continuous-wave, vacuum-tube transmitters 
are used almost exclusively for transoceanic and ship- 
to-shore' communication and the wavelengths are 
usually between 1800 and 2000 meters, which lifts 
commercial radio out of the zone of popular broad- 
easting.—Elect. Zeit., Sept. 15. 


The Chicago Regional Power System 


BY E. C. WILLIAMS: 


Member, A. I. E. E. 


Synopsis.—T his paper is a general description of the inter- 
connected power systems in the region surrounding and including 
Chicago as a center. The electrical energy generated in this region 
in 1926 was over 4,000,000,000 kw-hr. and the combined generating 
capacity of the three largest companies was 1,840,000 kw. The 


HE design of any electricity supply system should 
be coordinated with the geographical, industrial 
and social character of the community which it 

serves. The electricity supply systems of the Chicago 
territory are in a rather unusual position in this respect 
because of the potential resources, both industrial and 
commercial, of the territory served. Chicago, due 
to its location, has been since the beginning in an 
excellent position to command an enormous growth. 
Being near the center of a great agricultural district 
with coal, ore, lime-stone and other deposits close at 
hand, with excellent transportation facilities both by 
rail and water, it is not surprising that it has grown 
from a village of 4500 people in 1840 to a city with a 
population of 2,700,000 at the time of the last official 
census and now estimated at 3,700,000. "The Chicago 
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Fic. 1—GENERATING CAPACITY AND MaxiMUM LOAD IN THE 
Cuicaco REGION 


Regional Planning Association estimates that by 1930 
there will be a population of 4,891,600 within a radius 
of approximately 50 mi. of Chicago. 

This industrial and commercial activity has created 
a demand for electric power which has been met by 
what has been called ‘‘the greatest pool of power in the 
world." According to the U. S. Geological Survey 
73,791,064,000 kw-hr. of electrical energy were 
generated in 1926 by utility companies in the United 
States and 4,128,455,000 kw-hr. or 5.6 per cent were 
produced in the Chicago region. 

The principal companies serving this area are as 

1. Electrical Engineer, Public Service Company of Northern 
Illinois. 

Presented at the Regional Meeting of District No. 5, of the 
A. I. E. E., Chicago, Ill., Nov. 28-30, 1927. 
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paper oullines importanl features of major stations and trana- 
mission and distribution systems and gives plans for the future 
developments. It also explains the contract for interchange of 


energy among the three largest companies. 
» » » s * 


follows: Commonwealth Edison Company, Public Ser- 
vice Company of Northern Illinois, Northern Indiana 
Publie Service Company, and Illinois Power & Light 
Corporation. 'The combined load of the three larger 
Companies, namely, the Commonwealth Edison Com- 
pany, the Public Service Company of Northern Illinois 
and the Northern Indiana Public Service Company 
all of which are operated by the same interests has 
shown a growth in the last decade as shown in 
Fig. 1, the maximum load being below 400,000 kw. at 
the beginning of 1916 and being slightly above 1,000,000 
kw. at the peak load period in 1926. 

The stations of these three companies with their 
present capacities are shown in the following tabulation: 


PRESENT GENERATING STATION CAPACITIES IN THE 
CHICAGO REGION 


Commonwealth Edison Company 


Crawford Avenue Station............. 324,000 kw 
Calumet Statjon............ eee eee nne 187,500 
Fisk Street Station................... 230,000 
Northwest Station........... eee eee 165,000 
Quarry Street Station........... ees 84,000 
Miscellaneous........... eee eene 65,060 
1,055,560 kw. 
Public Service Company of Northern Illinois 
Waukegan s eee ARR SON RACES RA 110,000 kw 
Joliet Aine caus Cie Weds EAE I a E n VAN 50,000 
Blue Island... .. secet o rni 43,000 
Miscellaneous.......... eee eee nn 34,790 
237,790 kw. 
Northern Indiana Public Service Company 
East Chicago.............. eere 26,400 kw 
Miscellaneous............. eren n 20,425 
46,825 kw. 
GRAND TOTAL..............-. 1,340,175 kw. 


GENERATING CAPACITIES TO BE ADDED IN THE NEXT TWO 
YEARS 


1928 Crawford Avenue 
1928 Powerton (Partly for use of Chicago 


The Crawford Avenue Station with a capacity of 
324,000 kw. is at present the largest station in the 
region and is capable of being developed to perhaps 
three quarters of a million kilowatts provided there is a 
certainty as to the amount of condensing water that 
can be depended upon from the Drainage Canal. A 
view of the turbine room of this station is shown in 
Fig. 2. 

Another large generating station is the Calumet 
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Station located on the Calumet River having a capacity 
of 187,500 kw. which is already utilizing about all 
available water in the Calumet River and has conse- 
quently reached its ultimate capacity. Other large 
stations in Chicago are the Northwest Station, the 
Fisk Street Station and the Quarry Street Station which 
are older stations and on account of water conditions 
and property limitations can only be increased in size 
by the replacement of present units with more efficient 
units of larger size. 

The main outlying stations are at Waukegan and 
Joliet with present capacities of 110,000 kw. and 50,000 
kw. respectively. The site at Waukegan is capable of 
development to approximately 1,000,000 kw. The 
site at Joliet is capable of similar development providing 

‘the condensing water available from the Drainage 
Canal is not limited as mentioned in connection with 
the Crawford Avenue Station. 

As to future generating stations which will furnish 
energy to the Chicago region two large ones are already 
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under construction, namely the Powerton Station 
located southwest of Peoria near Pekin on the Illinois 
River and the State Line Station on Lake Michigan at 
the Illinois-Indiana State Line. Property has been 
acquired in Michigan City and also at a location south- 
west of Chicago on the Drainage Canal for the con- 
struction of future generating stations but it has not 
been definitely announced when construction will 
begin at either of these points. The Powerton Station is 
rather unique in that it is jointly owned by four com- 
panies which are the Central Illinois Public Service 
Company, the Illinois Power and Light Corporation, 
the Public Service Company of Northern Illinoisand the 
Commonwealth Edison Company. These companies 
have pooled their comparatively small requirements in 
the immediate vicinity and are erecting this modern 
efficient station. The first unit with a capacity of 
52,000 kw. is scheduled for completion during the sum- 
mer of 1928. In connection with this project a 132,000- 
volt transmission line is now being built from Joliet 
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through Oglesby and Kewanee to the Powerton Station 
for interconnection with the Chicago pool. 

With regard to the State Line Station, the tract of 
land procured is adequate and plans are being made for 
a station with an ultimate capacity of a million kilo- 
watts or more. "This station is to be owned jointly 
by the Commonwealth Edison Company, the Public 
Service Company of Northern Illinois, the Northern 
Indiana Public Service Company and the Middle West 


Fia. 3—UNiT No. 1, State Line Power STATION 


Utilities Company. The first unit, scheduled for 
completion in 1929, is to have a capacity of 200,000 kw. 
and will consist of three turbo generator sets each having 
a capacity of approximately one-third of the total 
arranged as shown in Fig. 3. Steam at 650 Ib. pressure 
is admitted to a single high pressure turbine which 
exhausts into two identical low-pressure turbines each 
taking half of this exhaust steam. 

In the design of this unit, means are provided where- 


Fic. 4—Bus AND FEEDER Connections, 1929 STATE LINE 
STATION 


by any one of the three turbines may be taken out of 
service and the other two continued in operation thus 
overcoming the common objection from an operating 
standpoint of such a large capacity being contained in 
one unit. At present five such units of 200,000 kw. 
each are planned for this station with suitable trans- 
mission facilities for carrying away the energy. Con- 
trast with these units, the 30,000-kw. units which were 
installed at the Calumet Station as late as 1921, which 
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were then the largest ever built for this territory. 

The electrical installation also is rather unusual in 
that the generator bus will be completely out of doors 
and entirely enclosed by metal so that no physical 
contact can be made with any live parts. Fig. 4 shows 
the schematic arrangement of the bus which is a double 
ring bus divided into three sections, one generator 
supplying each section with suitable reactors and oil 
circuit breakers between sections. It isso laid out that 
as future generators are added one additional bus sec- 
tion will be placed in the ring for each additional 
generator. The generator voltage and consequently 
the bus voltage for this station is to be 22,000-volts 
which is somewhat higher than ordinary practise. 
The station is designed purely as a generating station 
and the energy will all be transmitted away in large 
quantities either at 33,000, 66,000 or 132,000 volts. No 
line busses are provided, transformers being installed 
integral with each individual line. 


Another unusua! electrical installation is to be found 
at Waukegan in the 12,000-volt “iron-clad’”’ switchgear 
used in connection with the recently installed 50,000- 
kw. (58,825 kv-a.) unit. Although equipment of this 
type has previously been used in connection with lower 
voltage bus work at several substations in the Public 
Service Company territory, the Waukegan installation 
isthe first used in a generating station in this country in 
connection with such a large capacity. The largest 
switches are rated at 1,500,000 kv-a. interrupting 
capacity and 3000 ampere carrying capacity. This 
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installation which is indoors completely encloses in 
metal all of the bus work and switching equipment and 
thus reduces the hazard to operators in coming in con- 
tact with live parts as well as providing several other 
important advantages. This apparatus is very com- 
pact thus simplifying the building requirements both 
at the time of installation and at times when it is neces- 
sary to make additions or increase capacity. It is 
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shipped in units or groups of units with practically all 
wiring, taping and adjustments completed in the 
factory where workmanship and labor costs are natu- 
rally more favorable than in the field. Fig. 5 showsa 
view of this equipment. 

In general this matter of switching equipment’. is 
becoming quite serious especially as to interrupting 
capacities. It would seem that the development: of 
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high interrupting capacity switch gear has not kept 
pace with the growth of the business and consequently 
the requirements of the supply companies. The result 
has been that the supply companies have quite often 
been forced to make costly changes in structures as well 
as retire comparatively new equipment due to radical 
changes in design on the part of the manufacturers or 
unsatisfactory performance of equipment. 

The transmission system in the Chicago region has 
had a very interesting development. Practically all 
of the stations have been interconnected. Within 
Chicago the system has developed from one 2250-volt 
transmission line in 1897 to the network of 12-kv. and 
66-kv. underground cable of today. The outlying 
stations are either connected with each other or with 
the Chicago stations by means of a 132-kv. net-work 
with an auxiliary 33-kv. system. Fig. 6 shows the 
system as it will appear in 1928. It is to be noted that 
superpower interconnections have already been made 
with neighboring companies on practically all sides. 

The transmission of large blocks of power through 
densely populated areas will soon require the extensive 
use of high-voltage underground cables. A move in 
this direction is to be noted in the six mi. of 132-kv. 
underground line connecting the Northwest Station 
in Chicago with the overhead transmission line from 
Waukegan at the city limits. This line consists of three 
single-conductor, hollow-core, oil-filled cables with a 
capacity of 90,000 kv-a. and has been in satisfactory 
operation since June of this year. 

In this same connection there is still room for im- 
provement in the design of overhead transmission lines, 
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especially in regard to mitigating the effects of lightning. 
Considerable progress in this respect however has been 
made during the last few years by the use of ground 
wires, arc-controlling devices and the lowering of the 
plane of the conductors. The following tabulation 
summarizes the experience with ground wires in this 
territory: 


EFFECT OF GROUND WIRE ON 132-KV. OVERHEAD LINE 
INTERRUPTIONS CAUSED BY LIGHTNING 


Line Interruptions 
Length 

No. Location miles 1924 1925 1926 1927 
1. Waukegan—Niles Center..}| 27.5 28* 20* 14* Ot 
2. Waukegan—Northwest 

Station... soe sews 31.1 1*4 
3. Waukegan—Kenosha..... 20.7 01 
4. Joliet—Chicago Heights...| 29.8 9 29 11 
5. Chicago Heights—108th St| 14.4 71 74 61 
6. 108th Street—Aetna...... 26.7 ot? Ott 1tt 

TOTAL. du ce 150.2 28 36 50 9 


*Equipped with arcing-rings. 

f13.8 mi. equipped with arcing rings. 

¿Ground wire installed over circuit. 

{Ground wire installed over circuit on opposite side of tower. 

The improvement brought about by the use of ground 
wires is conspicuously evidenced in the case of lines No. 
1 and No. 4 where the ground wires were installed after 
some experience without them. 

I wish now to refer to the "interchange energy con- 
tract" between the Commonwealth Edison Company, 
the Public Service Company of Northern Illinois, and 
the Northern Indiana Public Service Company by 
means of which an equitable interchange of energy and 
capacity is obtained. "The capacity of all three com- 
panies is placed in a so-called ‘‘power pool" from which 
each company may draw in order to supply its load. 
The principal purpose of the arrangement is to enable 
the entire load of the three companies to be carried by 
the most efficient generators regardless of their owner- 
ship, leaving the less efficient to carry the peaks and to 
act as reserve. The energy is paid for by each con- 
suming company at various rates depending upon the 
stations from which the energy is supplied. The 
investment charges are taken care of on a basis of 
demand and capacity illustrated by the following 
typical example. The figures given in the following 
tabulation show the generating capacity and previous 
maximum load for each company as of December 31st, 
1926, one of the monthly billing dates. The total 
generating capacity of 1,199,500 kw. is allotted to the 
three companies in the ratio of their previous individual 
maximum demands shown in the second column. 


Previous Demand at 
Generating maximum time of 
capacity demand system max. 
12-31-26 12-31-26 12-15-26 
Commonwealth Edison Co. 965,000 kw. 864,300 kw. 864,300 kw. 
Public Service Co. of Nor. 
| j| EDO CE 187,800 139,800 135,600 
Nor. Ind. Public Service Co. 46,700 43,600 40,200 
TOTAL... eda 1.199.500 kw. | 1.047.700 kw. | 1,040,100 kw. 
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The company actually owning generating capacity, 
shown in the first column, in excess of its allotment 
receives the carrying charge on this excess from the 
other two companies which own less than their allot- 
ments. A limit of 20 per cent reserve on the total sys- 
tem is set up beyond which no credit is given. 

I now wish to refer briefly to studies of the trans- 
mission network which are being made in the Chicago 
region. A plan has been adopted wherein the entire 
region including the City of Chicago has been divided 
into areas for distribution purposes. All the energy 
for each of these areas is to be supplied from one 
source. This source may be a generating station or a 
large or major distribution center receiving its supply 
over either 66,000 or 132,000-volt transmission lines. 
The energy is to be distributed at 33,000 or 12,000 volts 
from this main source to the various substations in the 
area for re-distribution. "The substations in one area 
will not, in general, be connected to those of another 


tEGE RO 
e— Present Line operated os par! et à (009 
e» e» Papers Line operated as part o! à Loap 


Whathrop 
Harbor 


@ Prevent Catrbuton Cenin te be pure Leap Serves 
Peores Ozi baton Ceotgr te be green Lace Senece / \ 
Prawe: Cotten Coster net te be gure Loop Senece / \ 
Prepesed Dstritclon Comte: ast 10 be gaer Loop Servce r4 \ 


Fia. 7—Proposep 33,000-VoLtt AREA TRANSMISSION SYSTEMS 
Public Service Company of Northern Illinois, North Part of Territory 


area although some emergency ties may be needed 
which will normally be operated open. With this 
system, the relay problem will be materially simplified 
and trouble may be more easily segregated than with 
the system in use at present wherein the various sub- 
stations are connected to several sources. The duty on 
oil circuit breakers will also be considerably reduced. 
Fig. 7 shows the proposed scheme applied to a part of 
the territory of the Public Service Company of Northern 
Illinois. The high-voltage transmission lines supplying 
the major distribution centers are not shown. The 
groups of radiating loops from the major distribution 
centers conspicuously define the respective areas. 

Fig. 6 shows two such major distribution centers 
planned for Chicago located at Washington Park and 
Humboldt Park to be supplied at 66,000 volts and 
scheduled for completion in 1928 and 1929 respectively. 
They are in addition to those already-established at the 
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various Chicago generating stations. By 1928 the area 
surrounding Chicago will have several similar major 
distribution centers other than the generating stations, 
the most important of which will be located at Niles 
Center, Bellwood, Chicago Heights, Aetna, Michigan 
City, Oglesby and Kewanee. 

Transportation in the Chicago Region accounts for 
a considerable part of the demand for electrical energy. 
Of the 1,040,100 kw. total system demand which 
occurred December 15th of last year nearly 350,000 kw. 
was supplied to the electric railways in and around 
Chicago. The first and only steam road in this region 
to electrify is the Illinois Central Railroad which com- 
pleted the electrification of its suburban service in 
June of last year. This customer’s maximum demand 
to date has been 22,864 kw. The railroad operates its 
cars at 1500-volts direct current supplied by seven 
substations, five of which are owned by the Common- 
wealth Edison Company and two by the Public Service 
Company of Northern Illinois. The conversion to 
direct current is accomplished in some cases by mercury 
arc rectifiers and in others by units of two 750-volt 
rotary converters in series. Fig. 8 shows the Vollmer 
Road Substation at Flossmoor, installed by the Public 
Service Company of Northern Illinois for supplying 
this railroad and the light and power business in that 
vicinity. This particular substation was thought of 
interest inasmuch as it is located in a residential terri- 
tory and in order to harmonize with the developments 
in that region a building of Spanish design which 
should not detract from the general surroundings was 
erected. The first impression might be that such a 
design is expensive but if the architect is ingenious in 
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the use of materials this need not be so. In fact the 
cost per cubic foot of content of this particular sub- 
station, was practically the same as that of another 
substation erected at the same time following the 
ordinary type of construction. 

Fig. 9 shows the Glen Ellyn Substation supplying 
direct current to the Chicago, Aurora & Elgin Railroad 
where harmonizing architecture was used again. 

In this presentation I have tried to point out the 
problems existing in this region with the idea of bring- 
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ing them to the attention of engineers generally as these 
problems are not peculiar to this locality but are being 
encountered in similar metropolitan areas. Engineers 
connected with power developments in such regions 
should be on the alert to so carry on system design that 
future demands may be met at reasonable cost and with 
a minimum of obsolescence. 

It may be regarded by some as highly optimistic but 


Fig. 9—GLEN ELLYN SUBSTATION 


it is not inconceivable that sometime in the future the 
dictates of our customers may make intolerable the 
voltage dips and momentary interruptions due to 
lightning discharges and emergencies, the elimination 
of which we are prone to regard as insurmountable. 
It is to such problems that I commend the energy of 
the engineer for scientific study in order that the quality 
of service we render may continue to improve and that 
our system may be competent to meet the require- 
ments of the public which are rightfully becoming 
more exacting year by year. 


WEIGHING BY RADIO 


One of the latest applications of the radio principle 
appears in a weighing machine developed by the labora- 
tory staff of a large New England producer of pulp and 
paper. This unique device automatically weighs any 
material, such as paper, rubber, chewing gum and 
coated fabrics, passing through the mechanism in 
continuous web form. This is accomplished at full 
machine speed without touching the web of material 
at any point. 

The principles underlying this unusual development 
are those of the tuned radio circuit. The web of 
material passes between two parallel metal plates which 
act as a condenser in the receiving circuit. Variations in 
the weight of the web change the capacity of the con- 
denser and affect the response of the circuit to a wave 
of controlled frequency. These variations are shown 
on a meter connected in the circuit and may be used to 
operate machine controls by suitable relays. The 
machine is of great service in maintaining uniformity 
in the weighing of paper and an adaptation of the device 
may be used to register the moisture content of the 


paper. 


The Vacuum Tube Rectifier 


Oscillographic and Vacuum Tube Voltmeter Study of its 
Application to B- Voltage Supply for Radio Receivers 


BY JOHN H. KUHLMANN! 


Member, A. I. E. E. 


Synopsis.—This paper covers investigations made in under- 
taking the design of a rectifier for use as the B power supply for radio 
receivers. It determines the most satisfactory type of filter circuit 
and the appropriate values of inductance and capacitance to give 


HE object of this investigation was to determine 

a good method of design for a vacuum-tube 

rectifier for converting alternating current into 
direct current equivalent to that obtained from a 
battery. The d-c. output should be such that it can 
be used to properly operate a radio receiving set and 
loudspeaker without introducing any interference or 
modulation from the a-c. source. The study of the 
the eliminator was prompted by the lack of engineering 
literature? on the subject and by the desire of the 


writers to more fully understand the proper design, the 
characteristics, and the limitation of the device. 

The study is divided into several sections. 

1. The rectifier vacuum tubes. 

2. Oscillographic study of the action of inductance 
and capacity, (alone and in combinations), upon the 
rectified wave form. | 

3. Vacuum tube peak voltmeter study of the small 
ripple in the load current and its elimination by use of 
two section filters. 

4. Calculation of per cent voltage fluctuation. 

5. Conclusions. 

The eliminator to be investigated consists of three 
distinct units, 

1. The rectifier proper 

2. The filter 

3. The load resistance for dividing the load voltage. 
The units which make up the general circuits under 
study are shown in Fig. 1. In Fig. 2 is shown the 
completed eliminator and its parts as used in this study. 


SECTION 1. THE RECTIFIER VACUUM TUBES 
The vacuum tubes used for the rectifier were the 
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a d-c. output delivered with the least practicable voltage drop and 
having no fluctuations of sufficient magnitude to interfere with the 
proper operation of the set. A vacuum-tube peak voltmeter used to 
detect very small fluctuations is described. 


obsolete power tubes, UV-202, being the only tubes 
available at the time. Three tubes were tested; their 
plate current—voltage and plate current—resistance 
curves are given in Figs. 3 and 4, respectively. 

From the plate voltage—current curves in Fig. 3 it 
is seen that the tubes T, and T, saturate at a much lower 
current density than T, which was an unused tube. 
T, and T; had both been used as oscillators; T; used 
longer than 7T,. These curves show that if the rectifier 
is required to give a peak current of over 100 milli- 


Fic. 1—Cincuir DiíAGRAM or EXPERIMENTAL VacuuM TUBE 
RECTIFIER 


Rectifier: 
Ep = 300 volts effective from center-tapped transformers 
Ef = 3.75 volts effective from center-tapped transformer 
Tı = T4 = U V 202 5-watt power tubes with grid connected to plate 


Ci, Cs, Cs are 500-volt condensers. Several values of capacity were 
used in the experiment 
Lı and Lz are similar iron-cored inductances each having an inductance 
of about 30 henrys for the normal d-c. excitation. The cores are in 
two laminated sections, each L-shaped; butt joints are used giving 
small variable air-gaps. Each coil contains about 6200 turns with 
an average resistance of 645 ohms 
Load: 
Low-inductance, wire-wound variable resistance units of ample current 
capacity. Resistors for final set are wound on flat strips of bakelite 


and are of fixed value. Several values of resistance were used in the 


experiments 


amperes, the rectified current wave will be flat topped. 

The plate current—resistance curves, (Fig. 4), were 
obtained to show the variation of plate resistance with 
the rectified current. These curves are desirable in 
order to match tubes and thus obtain equal amplitudes 
in both halves of the rectified wave. 

In the oscillograms, Fig. 2B, V; and V, show the 
current wave forms as per T, and T5, and V; gives the 
resulting current 7;, in the resistance load of 8000 olims. 
The values of V,, V; and V, were taken simultaneously. 
The circuit diagram is shown in Fig. 2A. 
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The wave forms V, and V;, Fig. 2B, show the result- 
ing current in the load and the 60-cycle e. m. f. applied 
to the rectifier, respectively. The oscillograms show 
that the rectified current is in phase with the applied 
voltage. This is to be expected, as there is practically 
no reactance in the load circuit. 

The half wave rectifier gives a load current wave form 
as shown in Fig. 2B by V, or V2. 

The current wave forms, instead of the voltage, 


Fig. 2—ASSEMBLED RECTIFIER WITH FILTER 
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Fig. 2B—OsciLLOGRAMS FOR RECTIFIER Circuit Fig. 2A 


V1 and V2 are individual tube output currents. 
rent for full-wave rectifier. 


V3 and V4, are load cur- 
V, is 60-cycle applied voltage 


were observed throughout this study because the 
current consumed by the voltage element of the oscillo- 
graph is a large portion of the total rectified current and 
therefore would disturb the circuit and current con- 
ditions to be studied. 


SECTION 2. OSCILLOGRAPHIC STUDY OF THE 
ACTION OF INDUCTANCE AND CAPACITY ALONE AND 
IN COMBINATION UPON THE RECTIFIED WAVE FORM 


The Effect of Capacity on the Load Current Wave Form. 
The addition of capacity across the load resistance of 
a rectifier, as in Fig. 3A, reduces the ripple in the load 
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current. The operation of the condenser may be 
explained as follows: When the voltage is applied to the 
rectifier, the condenser takes a charge and continues 


120 


8 


8 


& 


PLATE CURRENT 1p MILLIAMPERES 
è 


0 2 4 6 8 10 120 
PLATE VOLTAGE Ep 


Fig. 3—PrLATE CURRENT—VOLTAGE CHARACTERISTIC OF THREE 
U V-202 Vacuum TUBES 


Fig. 3a—Circuir DiíaGgRAM or RECTIFIER WITH CAPACITY 
SHUNTED Across Loan RESISTANCE 
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Fig. 3B—OSCILLOGRAMS FOR RECTIFIER Circuir Fig. 3A 


Vi is rectifier current. V2 is condenser current. V; is load current 


with 2.13 u f. shunt capacity 
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V, is rectifier current. V2 is condenser current. 
with 12.13 u f. shunt capacity 


Vs; is load current 
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charging until the rectifier voltage reaches its maximum 
value. As soon as the rectifier voltage begins to de- 
crease, the condenser begins to discharge and in so 
doing, builds up a voltage across the tubes which 
opposes the applied voltage. The rectifier current 
wave, therefore, takes the shape shown by V, Fig. 3B, 
instead of that shown by V, Fig. 2B. The condenser 
continues to discharge until the decreasing condenser 
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V, is condenser current. Vz; is load current with 2.13 pf. shunt capacity. 
V: is 60-cycle applied voltage N 


voltage becomes equal to the increasing rectifier 
voltage. The load current pulsations are of much 
smaller amplitude for the circuit shown in Fig. 3A than 
for the circuit shown in Fig. 2A, because the condenser 
discharges through the load resistance and supplies 
the load current during the time the rectifier voltage is 
passing through zero. The condenser discharges 
through the load resistance in accordance with the law 
for the discharge of a condenser through a resistance; 
that is, 


From the above discussion, it appears that it should 
be possible to reduce the load current ripple by increas- 
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ing the time of discharge of the condenser. For a 
circuit such as shown in Fig. 3A, the time constant, 
T=RC 
Since the load resistance is fixed, the time constant can 
only be increased by increasing the capacity. Fig. 3B 
shows the load current when the shunt capacity is 
2.13 microfarads and Fig. 3c shows the load current 
for a shunt capacity of 12.18 microfarads. The oscillo- 
grams show that the ripples in the load current are 
very much less for a shunt capacity of 12.18 microfarads 

than for a capacity of 2.13 microfarads. 
In Fig. 4B, the relation between the condenser current 
V;, the load current V, and the impressed 60-cycle 
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Fic. 5B—OSCILLOGRAMS FOR RECTIFIER CIRCUIT or Fic. 3A 


Vi is rectifier current. Vz is condenser current. Vs is,load current 
with 2.13 u f. shunt capacity 


I, 


fA A In 


Mas St wax Mad Mad. 


Fic. 5c—OsciLLoGRAMS FOR RECTIFIER Circuit Fig. 3a WITH 
OnE TUBE 


Vi is rectifier current. V3 is condenser current. 
with 12.13 u f. shunt capacity 


Vs is load current 


e.m.f. V4, is shown. The value of C, is 2.13 micro- 
farads. The upper waves of V, show very well the 
dissimilar characteristics of the rectifier tubes. It is 
well to point out that in V, the wave forms above the 
axis represent the charging current, and below the axis, 
the discharge current into the load. 

Removing either T, or T, from the circuit Fig. 3A 
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gives a half wave rectifier. The oscillograms in Figs. 
5B and 5c show the effect of shunt capacity across the 
load resistance on the output current of the half wave 
rectifier. In Fig. 5B, C, is 2.18 microfarads; in Fig. 
5c, C, is 12.18 microfarads. In both of these oscillo- 
grams, V;, Va, and V, are taken simultaneously, with 
V; the rectifier output current, V, the condenser 
current, and V, the resulting load current. In V, the 
wave forms above the axis give the charging current, 
and below the axis, the discharge current to the load. 
Effect of Inductance on the Load Current Wave Form. 


Fic. 6a—Circuirt DIAGRAM or RECTIFIER WITH INDUCTANCE 
1N SERIES WITH Loap RESISTANCE 
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Fig. 6B—OScILLOGRAMS FOR RectTIFIER CincuiT Frigo. 6a 


V; and Ve are individual tube output current. 
with L; 7.5 henrys. 
with L, = 30 henrys. 


V3 is load current 
V, is output current of one tube. Vs is load current 
Ve is 60-cycle applied voltage 


Introducing inductance into the load circuit, as illus- 
trated in Fig. 6A, causes a reduction in the amplitude 
of the current ripple and also a large drop in the effec- 
tive load voltage, because of the high I Z drop of the 
inductance. On the other hand, the shunt capacity as 
shown in Fig. 8A gives a higher effective load voltage 


than is obtained when both L and C are out of the cir- | 


cuit. This effect of the condenser is obvious from the 
discussion given above. 

In the oscillogram of Fig. 6B, Vi, V. and V; were 
taken simultaneously with L;, having an inductance of 
approximately 7.5 henrys, while V, and V, show the 
individual tube output and V; the load current. The 
amall hooks on the wave forms of V, and V; show that 
the rectified current lags the impressed e. m. f. because 
of the series inductance. 

The effect of increasing the series inductance to 
approximately 30 henrys is shown (Fig. 6A) by V, Vs, 
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and V, in Fig. 6B, V, being the output of one tube (the 
output of the other tube being the same), V, the load 
current, and V, the impressed e. m. f. The ripple of 
V4is considerably smaller than that of V;, and the hooks 
on the wave forms of V, are larger, indicating a greater 
angle of lag between current and impressed e. m. f. 
Furthermore, the load current ripple is now practically 
a sine wave of a frequency twice the input frequency 
of 60 cycles. 

Increasing the inductance still further has only a 
very small effect on theload currentripple. Half wave 
rectification, with inductances in the load only, gives a 
slightly disturbed upper half of a sine wave. The 
oscillograms for the half wave rectifier are not shown 
here. 

It has been demonstrated above that the amplitude 
of the load current ripple is reduced by increasing the 


Fic. 8a—Circurr DiíaGRAM oF RECTIFIER WITH SERIES 
INDUCTANCE AND Capacity SHUNTED Across RECTIFIER 


Cı = 12.13 yf. Li + Le = 60 henrys 


cana . ; 


Fic. 8B—OSsCILLOGRAMS FOR RECTIFIER Circuit Fic. 8A 


Vi is rectifier current. Vz is condenser current. 
with 2.13 uL f. shunt capacity. 
capacity — 


V3 is load current 
V4 is load current with 12.13 uf shunt 


time constant of the load circuit. For the circuit shown 
in Fig. 6A, with an inductance of L, = 50 henrys and a 
series resistance of 9000 ohms, the time constant is 
0.00555 sec. The circuit in Fig. 3A with C, = 12.13 
microfarads and a load resistance of 8000 ohms has a 
time constant of 0.097 sec. "Therefore, the amplitude 
of the load current ripple should be much less for the 
circuit with shunt capacity than for the circuit with 
series inductance. This is clearly shown by the oscillo- 
grams, V, Fig. 3c, for the circuit with shunt capacity 
and, V, Fig. 6B, for the circuit with series inductance. 

Effect of Inductance and Capacity on the Load Current 
Wave Form. The effect of capacity shunted across the 
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load resistance and the effect of inductance in series with 
the load resistance on the amplitude of the load current 
ripple have been shown above. By properly propor- 
tioning inductance and capacity, therefore, it should be 
possible to reduce the amplitude of the load current 
ripple to a negligible value. 

In oscillogram Fig. 8B, for the circuit of Fig. 8A, 
V;, Vz, and V; were taken simultaneously, V; showing 
the current from the rectifier, V, the condenser current 
with 2.13 microfarad capacity, and V; the load current. 


Fic. 9a—Circuit DiAGRAM or RECTIFIER 


Series inductance L; is 30 henrys. C,is4.26uf. Cois4.76yf. 
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Fig 9B 


Pig. 9B8—OSCILLOGRAMS FOR RECTIFIER Circuit Fia. 94 


Vi is condenser current Cj. V2 is condenser current C». Vs is load 


current. V, is current in series inductance 


Increasing C, to 12.13 microfarads gives the load current 
shown by V., which is practically a straight line. The 
per cent ripple in this load current is 1.2 per cent and 
was determined by the method explained in Section 3 
-of this paper. With the oscillograph, the current shown 
by V, appears as a straight line. It is seen, therefore, 
that the oscillograph will not show a ripple which is 
less than about 2 per cent. Since a load current with 
a ripple of 2 per cent is not satisfactory for “B” battery 
supply for radio receiving sets, further filtering and 
other means for detecting the ripple are necessary. 

Two more interesting oscillograms are shown to give 
the action of the second condenser in the filter shown in 
Fig. 9A. In the oscillogram of Fig. 9B for the circuit 
shown in Fig. 9A, V,, V, and V; were taken simul- 
taneously, with V4 the condenser current of C;, V, the 
eondenser current of C,, and V; the load current; 
V,is the inductance current and was taken separately, 
although timed nearly the same. 

A starting transient is observed here, sta is due to 
the charging of C, which had no charge at the start. 
The transient is observed to be slightly oscillatory but 


KUHLMANN AND BARTON: THE VACUUM TUBE RECTIFIER 21 


so damped that only two cycles are apparent. The 
effect is more pronounced in V,. In the steady state, 
C draws a small current, being charged by the 120- 
cycle current ripple and discharging into the load, thus 
reducing the load ripple still further. The load current, 
V; Fig. 9B, shows a smooth line. 

The circuit, Fig. 10A gives an inverted L filter. 
Oscillograms, Fig. 10B, show V, the inductance current, 
V. the condenser current, and V; the load current, 
taken simultaneously, with C; equal to 2.13 microfarads. 
The wave forms V ,, V; and V, show these same currents 
but with C; increased to 12.13 microfarads. 

Several interesting things are to be observed: First, 
the highly damped oscillatory transient due to the 
charging of C.; second, on account of large shunt 
capacity and a proper series inductance, the ripples in 
the load current are less pronounced. Increasing the 
capacity, C;, increases the transient and gives a smooth 
load current. 


SECTION 3. MEASUREMENT OF THE LOAD CURRENT 
RIPPLE BY THE VACUUM TUBE PEAK VOLTMETER 


The output current of a vacuum tube rectifier was 
found to be a pulsating current as illustrated in Fig. 2B. 
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Fic. 10a—Crrcurr Diagram OF RECTIFIER WITH INVERTED L 
FILTER 


Li = 30 henrys, C3 = 2.13 or 12.13 u f. 
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Fic. 108s—OscILLoGRAMS FOR RECTIFIER Circuir Fia. 10A 


Vi is inductance current. V2 is condenser current and V; is load cur- 
rent when Cı = 2.13 uf. V, is inductance current, Vis condenser 
current and Ve is load current when C; = 12.13 pf. 


It has been shown that the amplitude of the pulsations 
can be reduced by means of a filter with properly pro- 
protioned series inductances and shunt capacities. It 
was also shown that the oscillograph would not detect 
a ripple in the load current less than 2 per cent. But a 
ripple of 2 per cent in the load current of a vacuum tube 
rectifier is too large for “B” battery supply for radio 
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receiving sets; therefore, the following method for 
measuring the current ripple was developed. 

A current ripple may be looked upon as a periodic 
alternating current of some wave form superimposed 
upon a constant direct current. In this case of the 
output of a vacuum tube rectifier through a filter, the 
superimposed alternating current is practically a sine 
wave of 120-cycle frequency. By measuring the two 
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Fia. 11—Circuit Diacram or Vacuum TusBE VOLTMETER 


G =galvanometer. Er, = d-c. voltmeter. Ip = milliameter 
RL = rectifier load resistance 


components of the load current, the ripple may be 
expressed in per cent by 


T aac 


I, 


Here Ina: is the maximum value of the a-c. component 
and I,, is the d-c. component of the rectifier current. 
After analyzing several methods for measuring these 
two components of the load current, it was found that 
the vacuum tube voltmeter would probably be the most 
satisfactory. The results obtained show that this 
method is well suited for such measurements. 

Fig. 11 shows the circuit diagram of the voltmeter 
as used for these tests. Here R, is the load resistance 
of the rectifier, E, the load voltage, and J, the load 
current, which contains the ripple. A d-c. potentiom- 
eter circuit, capable of a voltage variation from 0 to 
300 volts, is in series with the grid-filament circuit. 
The purpose of this potentiometer is: (1) to balance out 
the effect of the d-c. component and keep it from biasing 
the grid, (2) to measure the value of the d-c. component 
of the load voltage indicated by the meter E,. When 
the switch S is closed, the galvanometer G is used to 
determine if the potentiometer voltage is equal to the 
d-c. component of the load voltage. The meter I, 
indicates the plate current. 

Since the plate current of a vacuum tube is a function 
of the applied grid voltage, this device can be calibrated 
and used as a peak voltmeter. The meter was cali- 
brated by passing a known 60-cycle current through a 
known non-inductive resistance and applying the I R 
drop to the terminals 1-2 of the meter with the switch S 
open. Normal grid bias, plate voltage and filament 
current were used. Since the voltmeter was calibrated 
on 60 cycles and used on 120 cycles, there is a possibility 
of a slight error in the readings, due to the fact that the 
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plate current meter J, will not read the 60-cycle and 
120-cycle pulses the same. The error is so slight, how- 
ever, that it can be neglected. 

The calibration curve for this meter is shown in Fig. 
12. Two calibration curves are shown, one from zero 
to 11 volts, and the other from 10.5 to 57 volts. In 
order that no grid current shall flow, the peak voltage to 
be measured should not exceed the value of the grid 
biasing battery voltage, in this case, 9.1 volts. With 
the grid at a positive potential of 15 volts, the grid 
current is negligible in comparison with the load current, 
0.05 amperes, and therefore voltages up to 25 volts can 
be measured with a high degree of accuracy and higher 
voltages can be measured with nearly the same degree 
of accuracy. The plate current shown by the calibra- 
tion curves in Fig. 12 is not biased to zero. This is 
done so that a known zero can be maintained and any 
deviation noted and corrected. 'The low-range cali- 
bration curve is a close approximation to the plate 
current-grid voltage static characteristic curve of the 
UX-201A vacuum tube. 

To use the vacuum tube voltmeter, the grid, filament, 
and plate battery voltages are adjusted to their proper 
calibrated values. With the complex current in the 
load resistance, the approximate value of E; is deter- 
mined and the potentiometer set to that value. The 
switch S is closed and R, varied until the meter G 
reads zero. Then S is opened and the reading of I, 
noted. The corresponding value of the a-c. component 
of the load voltage is obtained from the calibration 


BN EMEN XE 
Hot lye 
ENENEE 4 | 


12 12 
ene : 
F " 
w 0 08a 
gi È 
E: = 
ET) 063 
= = 
= E 


Fic. 12—CaALIBRATION CURVE FOR VacuuM TUBE VoLTMETER 


curve, Fig. 12. The reading of E, gives the d-c. 
component. From these two values, the per cent ripple 
can be calculated as explained above. In order to 
obtain satisfactory results, the voltage applied to the 
rectifier must be constant because very slight changes 
in the primary voltage will produce large variations in 
the voltmeter readings across the load. For these tests 
a constant a-c. voltage was obtained from a synchronous 
motor-generator set with battery excitation on the 
generator. 
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The various filter circuits shown in Fig. 13 were 
studied with the vacuum tube voltmeter, for which 
purpose, the full wave rectifier was used with a load 
resistance of 5100 ohms. With this resistance across 
the rectifier and no filter, an r.m.s. load current of 
0.050 amperes was obtained. The load voltage E; 
obtained with the different filter circuits with constant 
input voltage is shown in the figure. The effect of 
varying the shunt capacity for each of the filter circuits 
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Fic. 13—Errect or VaRyING Capacity IN Various Types or 
FILTER CIRCUITS 


is also shown in Fig. 13. The results of these tests 
show that the filters with a small per cent ripple in the 
load voltage have a high-voltage drop. By combining 
several of the types of filters shown, one with a small 
per cent ripple and a low-voltage drop can be obtained. 

One section of a Pi-type filter with the test results 
is shown in Fig. 14, and a single section of a T-type 
filter with test results is shown in Fig. 15. The Pi-type 
filler gives a current with a smaller ripple and also has 
a lower voltage drop than the T-type filter. The T 
filter can be improved by adding a capacity C; across the 
load as shown in Fig. 16. The results of the test show 
that the per cent ripple has been reduced to a negligible 
value, but that the voltage drop in the filter remains 
unchanged. By adding a third capacity Ci, as shown 
in Fig. 17, the desired results are obtained; that is, the 
ripple is reduced to a value that cannot be detected by 
the voltmeter and the voltage drop is the same as for 
the Pi-filter shown in Fig. 14. 

By inserting a pair of high-resistance receivers in the 
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plate circuit of the vacuum tube voltmeter, the ripple 
can be detected audibly. A ripple that was just audible 
was found to be equal to 0.08 per cent. To check these 
results, a small portion of the load voltage was impressed 
upon the terminals of a 1 to 6 audio-frequency trans- 
former and the secondary connected to the terminals 
1-2 of the vacuum tube voltmeter. With a plate 
current of one milliampere, the hum was just audible. 
This method of test was used for the circuit shown in 
Fig. 17. When using the audible method of detecting 
the ripple, it was found that the removal of the shunt 
capacity across the load (Cs, Fig. 17) introduced a 
bad circuit noise caused by high frequencies in the load 
current. It was also noted that a capacity of at least 
two microfarads should be used, at C; Fig. 17, to by- 
pass the high frequencies that tend to enter the load. 
The circuit devised for measuring thetwo components 
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Fias. 14, 15, 16 AND 17—FILTER CIRCUITS WHICH WERE TESTED 


The amount of ripple and the load voltage for different condenser values 
are shown herewith. In all cases Li and Ls equal 30 henrys each and 
RL equals 5100 ohms 


of the load current by means of the vacuum tube volt- 
meter is believed to be a new application for this type 
of instrument. 


SECTION 4. CALCULATIONS OF PER CENT VOLTAGE 
FLUCTUATION 

The percentage voltage fluctuation in the load resis- 

tance may be calculated by the formulas given by 

H.T. Van Der Bijl in his book above mentioned. For 
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the type of filter shown in Fig. 8A, the formula is as 
follows: 
ô EL 
Ex 


2T 


7 w Ci V Re + Dee 


C; = 12.18 x 10— farads, L = Lı + L: = 60 henrys, 
Ry = 8000 ohms and w = 2r X 120 = 754. The 
calculations give a percentage voltage fluctuation of 
1.49 per cent. The value obtained from the measur- 
ments by means of the vacuum tube voltmeter is 1.2 
per cent. 

For the type of filter shown in Fig. 9A, the following 
formula applies: 


I MN TER CR 
E, w(C, (Ri (0— Li C: o? + Le o] 


C, = 4.26 x 10-* farads, Lı = 30 henrys, C, = 5.0 
10-* farads, Ry = 8000 ohms, and o = 27 X 120 = 754. 
The calculations show a percentage voltage fluctuation 
of 0.289 per cent. The vacuum tube voltmeter method 
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of measuring the percentage fluctuation gave 0.20 per 
cent. 
SECTION 5. CONCLUSIONS 


In order that the voltage drop in the filter circuit 
should not be too high, the series inductance should not 
be larger than required to produce a current without 
ripples. For the filter circuits discussed above, each 
inductance for the working load current should not be 
less than 25 henrys. The resistance of each inductance 
should preferably be kept low,—not greater than 250 
ohms. To further reduce the voltage drop, a shunt 
capacity of not less than four microfarads should pre- 
cede the inductances to provide a low impedance shunt 
for the ripple current. 

To obtain a rectified current with negligible ripple, 
two Pi-type filter sections will generally be the maxi- 
mum number required if shunt capacities equal to, or 
larger than, four microfarads are used. A single 
Pi-type filter section can be used to give a ripple of 
approximately 0.10 per cent if both condensers have a 
capacity of six microfarads, or larger, and if the series 
inductance is large, 25 henrys or larger. 
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Synopsis.—1n this paper the comparatively recent discovery of 
generator instability is discussed. A method of testing synchronous 
machinery in the unstable as well as in the stable range ts described. 
The results of tests performed on two machines is shown and dis- 


INTRODUCTION 


NTIL recent years the loads on power systems were 
with a predominately lagging current. While 
-the regulation of the generators was sometimes 
quite poor, nevertheless the operation showed high 
stability and the field rheostats were adequate to control 
the voltage without loss of synchronism. Perhaps 
because of this fact, and perhaps for other reasons, 
textbooks have shown practically no diagrams or full- 
load saturation curves for leading power factors. The 
student might well obtain the impression that the solu- 
tion of the problem of regulation for such power factors 
would be carried out without difficulty, but when one 
attempts to carry out the solution, one meets with 
several obstructions of a theoretical nature. 
Of late years the voltage and length of transmission 
lines have been increasing and the number of inter- 
1. Both of Marquette University, Milwaukee, Wisconsin. 
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and 


cussed. The conclusion is drawn (hal the design of customary 
machines will have to be improved, synchronous condensers installed 
on many long lines, or inefficient underloading of units will have to 
be tolerated. 


connections growing. Consequently the leading 
current load is becoming quite an item. At the same 
time due to attempts to improve customer power factor 
the lagging current load has shown a tendency to 
decrease. AS a consequence, some curious phenomena 
have been noticed and reported: 1. A very unstable 
voltage on light loads when the line charging current 
is carried by too few units. 2. Inadequate field 
rheostat resistance to keep the voltage down. 3. The 
combination of lines and generator becoming self- 
exciting, that is, a resonance between the inductance of 
the machine and the capacity of the line, giving high 
voltage with the field circuit open. 4. Generators 
remaining in step with small reverse field excitations. 
5. Generators slipping a pole when the reversed field 
excitation is increased, and before the voltage is brought 
down to normal. When this pole slipping takes place, 
there is a surge which causes the voltage to rise to 
considerably above normal. 


The difficulties met in attempting to apply the 
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A. I. E. E. rule for leading current loads is well illus- 
trated in Fig. 1. The curve O X is the no-load satura- 
tion curve; F Y is the full-load zero power factor 
lagging saturation curve, and P Z, the full-load unity 
power factor saturation curve. The zero leading 
power factor full-load saturation curve is shown by 
the line A B C D, or the line A BC E. The segment 
A B is as much above the no-load saturation curve as 
the line F Y is below it, as required by the A. I. E. E. 
rule. For saturations below this point, one is in doubt 
as to just how to proceed,but if it be assumed that the 
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Fic. 1—ILLusTRATING DIFFICULTIES IN ESTIMATING ZERO 


Power Factor LEADING SATURATION CURVES 


synchronous impedance is a constant, the segment 
BC would be drawn parallel to the line OX. For 
voltages below O C we meet another difficulty. If we 
continue the line toward the point D, we have a charac- 
teristic which, unlike the lagging characteristics, does 
not pass through the point.F. If we reverse the seg- 
ment C D, we are unable to account for the operation 
with reversed field currents and we must imagine a 
sudden 180-deg. shift of phase at the point C. 

With the peculiar behavior of synchronous machinery 
reported and the obvious defects in the more usual 
theory before us, we determined to make some tests 
with leading current conditions and if possible, try to 
extend them into the region of unstable operation. 


PRELIMINARY TESTS 


Our first tests were of a qualitative character. We 
sought to verify for ourselves just what took place when 
a generator lost control of its load. We connected an 
a-c. generator to a synchronous motor load, but did 
not take power from the motor. We overexcited the 
motor, loading the generator with leading current of 
low power factor. We included a field ammeter, 
armature ammeter and voltmeter in the generator 
circuits. We attached a G. E. slip meter to the syn- 
chronous motor shaft, which we excited from the same 
60-cycle supply that furnished power to the synchronous 
motor which drove the generator being tested. The 
amount of leading current was held roughly constant 
and varied the generator field current and generator 
voltage. The characteristic ABC E in Fig. 1 was 
obtained. At the point E there was a surge of voltage 
and current, the generator forged ahead one pole or 
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the motor slipped a pole as indicated by the slip-meter 
differential turning 90 electrical deg. The voltage 
after the surge corresponded to the point G. 

This experiment was considered to prove, in a 
general way, the results previously reported, and to 
indicate that further tests were worth while. 


TESTS OF GENERATOR CHARACTERISTICS BY A PUMP 
BACK METHOD 


First of all it was determined to employ an opposition 
method of testing, in order to obtain, if possible, 
characteristics of the unstable condition of operation. 
This procedure was successfully used by one of the 
authors in testing synchronous motors in their unstable 
range, and reported on in the A. I. E. E. JOURNAL, 
Jan. 1925; p. 11. It was found that the connections 
in Fig. 2 were suitable. The generator (1) was directly 
connected to an identical machine (2) with a movable 
stator controlled by the hand wheel (3). These 
machines were 15-kv-a. 1200 rev. per min. machines 
rated at 220 volts with a Y-connection. Machine (2) 
absorbed the power generated by (1). 'The losses were 
sometimes supplied by a d-c. motor belted to the set, 
and sometimes, from the connection shown to the 
60-cycle line. The amount and phase of the current 
output of the generator could be controlled by the 
hand wheel (3) and rheostats (4) and (5). 


The output of the generator was measured by : a 
polyphase wattmeter; sometimes by the three-watt- 
meter method, using the neutral point on one machine. 
The line current and voltage were measured with the 
aid of a polyphase board. The phase angle of the 
terminal voltage with respect to the pole axis was 
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2—COoNNECTIONS FOR DETERMINING COMPLETE 
EXCITATION CHARACTERISTICS OF ALTERNATOR 


Fic. 


measured with the contactor (6). This contactor was 
the usual point-by-point wave form apparatus, and was 
connected in series with one phase of the generator and 
a d-c. voltmeter, which was shunted by a condenser. 
The movable arm carrying the contacts could be turned 
about and their position noted on a degree scale. They 
were turned at all times so that the voltmeter gave a 
zero reading. The shift of the contacts from no load 
to the point under observation indicated the amount 
that the pole axis shifted with respect to the terminal 
voltage. This use of the contactor was developed by 
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Messrs. Edwin Baldwin and Earle Lashway when 
seniors at Marquette University. 


In"the first series of tests, the wattmeter was at all 
times kept at zero by the hand wheel. Currents were 
circulated by maintaining a difference in the excitation 


320 


P v x X 
i VA 


-4 -2 0 2 4 6 8 10 12 14 16 
FIELD CURRENT I, 


Fie. 3—ExciTaTION CHARACTERISTICS OF ALTERNATOR 
ZERO Power Factor LEADING AND LAGGING FOR CONSTANT 
ARMATURE CURRENT 


between the two machines. Runs were taken for 
armature currents of 60, 50, 40, 30, 20, and 10 amperes. 
Voltage, field current and phase shift were recorded for 
each run. Owing to the fact that when the generator 
field was large, the motor field was small, and vice versa, 
the voltage seldom exceeded 270 volts. For the higher 
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Fig. 4—Zero Power-Facror CHARACTERISTICS LEADING 
CURRENT IN REGION or UNSTABLE OPERATION, FOR VARIOUS 
ARMATURE CURRENTS AND VARIOUS ANGLES OF POLE SLIP 


voltages, therefore, the set was synchronized with the 
a-c. line. The data were in such form that it could be 
directly plotted in Figs. 3 and 4. Fig. 3 shows the 
voltage characteristics for zero power factor, Fig. 4 
shows also the phase displacements in the unstable 
range. 

It is to be observed that stable operating condition is 
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shown with reversed current in the field, ale that the 
lagging and the leading characteristics join at a 
common point F, and that the shift of 180 deg. is only 
gradually accomplished in the unstable range. A 
phase shift from 30 deg. to about 160 deg. occurs at a 
practically constant voltage. These ''nose" shaped 
generator characteristics are believed to be novel. 
Since a transmission line connected to a generator at 
no-load represents a zero leading power factor load of 
constant ratio of amperes to volts, it was thought to 
be of interest to take a series of cross curves from Fig. 3 
representing constant equivalent single-phase ''Sus- 
ceptances” of values from 0.00 to 0.2 in steps of 0.02 
amperes per volt. These cross curves are plotted in 
Fig. 5. It will be seen that with a charging susceptance 
of large value, the characteristics are quite steep and 
in some cases practically vertical. Under these con- 
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Fig. 5—ExcirATION CHARACTERISTICS OF ALTERNATOR AT No- 
Loap AND Various LINE CAPACITIES 


ditions, voltage control is difficult. If it is not feasible 
to use synchronous condensers on such a line and under- 
excite them at light load, then it will be impossible to 
shut down too many units at light load. Of course if a 
considerable improvement in generator design is made, 
this conclusion may be modified. 


The second series of tests was made at a current of 
40 amperes; practically full-load rated current. For 
convenience, at voltages of less than 270 volts, each 
run was made with a constant phase displacement 
between the two machines. Above 270 volts, each run 
was made for a constant terminal voltage. In each 
run, the power factor was varied from zero lagging to 
zero leading by a proper variation of the two field 
rheostats. For each run the terminal voltage, power- 
factor, and phase displacement of the rotor was plotted 
against the field current. Cross curves were taken 
from these for constant power factors and constant 
phase displacements of rotor. Curves for 0, 70, and 
90 per cent lagging, and for 100, 90, 70, 50, 20, and 
0 per cent leading power factors were taken. Curves 
for 10, 20, 30, 40, 50, 60, and 90 deg. phase displace- 
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ment were taken. All these curves are plotted in Fig. 6. 

It is to be observed that all the full-load saturation 
curves pass through one common point F'; also that for 
power factors of less than 20 per cent leading current, 
it is possible to obtain stable operation with reversed 
field current. The line E S F passes through all the 
points where the curves are vertical and may be taken 
as the limit of stable operation. Below and to the left 
of this line, generator operation is unstable; that is, it 
will forge ahead a pole if it is free to do so. The phase 
displacements of the pole axis from the terminal 
voltage are small in the stable operating range and are 
considerably less at high saturations. 

The hope for improved design and increased stability 
consists of being able to extend the nose of these curves 
toward the region of reversed field currents, and to 
lower the lower edge of this nose at the place where it 
intersects the Y-axis. Attention will be called in a 
later paragraph to the constant of the machine, which 
requires improvement. 
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Fig. 6—Fuut-Loap SATURATION Curves By Test Loci 
or CONSTANT PowER Factor AND Po.Le SLIP ANGLE. Locus 
ESF or STABILITY LIMIT 


TESTS OF GENERATOR STABILITY WITH 
DIRECT LOADING 


In the endeavor to determine the locus of stable 
operation, such as E S F in Fig. 6, by direct loading and 
actual observation of pole slipping, we took a 5-kv-a., 
1800-rev. per min. 220-volts, three-phase Northwestern 
machine and connected it according to the diagram in 
Fig.7. In this figure (1) is the alternator to be tested, 
driven through a belt by the d-c. shunt motor (2). 
The alternator delivered its power to synchronous 
motor (3), and this, in turn, to the alternator (4) and 
the a-c. line. By controlling the rheostat (5) in the 
field of the d-c. shunt motor the amount of power 
circulated could be controlled. The amount of leading 
current taken from the alternator could be controlled 
by the field rheostat (6) of the synchronous motor. 
The field of the alternator (1) was controlled by revers- 
ing switch (7) and rheostat (8). For convenience each 
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run was taken at a constant field current of the 
alternator tested. 

For each point of data, the field rheostat of the d-c. 
motor was weakened until the generator slipped poles. 
This pole slipping was easily identified by the current 
and voltage surge which took place. Some practise 
was required, however, to secure readings at the point 
just before the pole slipping took place. It was ob- 


Fie. 7—CoNNECTIONS FOR DETERMINING Point or POLE 


SLIPPING IN AN ALTERNATOR 


served that with reversed field current on the generator, 
only a small load could be carried without pole slipping 
taking place. Under these conditions, the generator 
slipped only one pole and regained synchronism. When 
the fields were excited in the normal manner, a consider- 
ably greater load could be carried without pole slipping; 
but when the critical load was exceeded, the generator 
fell out of step completely and continued to slip 
poles. 

Readings of generator voltage and watts were taken 
for the slipping point and plotted against the armature 
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Fic. 8—STABILITY Limitrs‘*or VOLTAGE AND POWER IN AN 
ALTERNATOR FOR VARIOUS CURRENT LOADS 


currents, for six runs, during which the alternator field 
currents were respectively 2, 1.5, 1.0, 0.5, 0, and—0.5 
amperes. Cross curves were taken from these for 
armature currents of 2, 1.5, 1, 0.75, and 0.50 times 
rated current. The cross curves thus obtained are 
shown in Fig. 8. 

The curves shown agree in form fairly well with the 
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curve E S F in Fig. 6. The voltage of the generator is 
too high at conditions of large leading current. The 
chief conclusions to be drawn from these curves are 
as follows: (1) The criterion of stability assumed,— 
namely, a vertical volt field-current characteristic,— 
is borne out. (2) Generator operation is unstable 
below a voltage which varies in proportion to the current 
load on the machine. (3) To operate at normal volt- 
age in a stable manner, the leading current load must 
be kept down to a certain fraction of the rating con- 
nected to the line. It is to be hoped that improved 
generator design will increase that fraction. 
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PoweEr FACTOR AND PoLE SLIP ANGLE. 


PREDETERMINATION OF GENERATOR CHARACTERISTICS 
WITH LEADING CURRENT 


In the A. I. E. E. JOURNAL for February 1927, 
(p. 109), one of the authors proposed a method for 
computing the performance of synchronous machines. 
It was thought that it would be interesting to compute a 
series of curves such as shown in Fig. 6 by the method 
there outlined. It was felt that in view of the unusual 
and novel shape of the curves in Fig. 6, an agreement 
would give a satisfactory confirmation of the theory. 
The constants of the machine tested in this paper for 
two-phase connection are reported in the article cited. 
For the three-phase connection the following were 
assumed: 

Direct armature reaction 7 amperes field current 
equivalent to 40 amperes in the armature. Transverse 
armature reaction, 3.5 amperes in the field equivalent 
to 40 amperes in the armature. Direct reactance 1/3 
ohm per phase of Y, transverse reactance zero, and 
resistance 1/6 ohm per phase of Y. Saturation curve 
is as shown in Fig. 3. 

With the constants in the above paragraph, the 
characteristics shown in Fig. 9 were computed. These 
should be compared with Fig. 6. We consider the 
agreement is very good, and believe that further 
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theoretical studies of synchronous machines should 
be based on some form of the Blondel two-reaction 
theory. 

The extent of the “nose” of the curves and the lower 
intercept of the nose on the Y-axis seems to depend 
chiefly upon the constant of transverse reaction. 


CONCLUSIONS 


In this report various remarks have been made to 
point out results of significance. The most general 
conclusion to be drawn is this: By a reduction of the 
value of the transverse reaction with improved design, 
there is a hope for machines of greater stability and 
consequent improved behavior under conditions of 
low leading power factor. 

The problem of stability is likely to become more 
acute as the voltages, lengths of transmission line, 
and the number of system interconnections increase, 
so that it is hoped that the manufacturers will be able 
to improve the stability of their machines. 


HYDROELECTRIC DEVELOPMENT IN 
PALESTINE 


The necessity of importing all its fuel has been the 
most serious handicap to the industrial development of 
Palestine, and the principal factor in the future eco- 
nomie progress of the country is the Rutenberg project 
for hydroelectric development. 

The Rutenberg plan, which has the official sanction 
of the Palestine Government in the form of a conces- 
sion for 70 years to the Palestine Electric Corporation 
(Ltd.), Tel-Aviv, Palestine, calls for the harnessing of 
the Jordan River at intervals from its source to the 
point where it empties into the Dead Sea, in addition 
to the utilization of the waters of the Yarmuk River 
in the same manner. The first dam will be constructed 
at the point where the Jordan River leaves Lake Ti- 
berias (the Sea of Galilee) with a power house at the 
town of Abadieh. Between these two points there is a 
fall of 40 meters in 8 miles. 

The promoters assert that by using the Lake of Ti- 
berias as a natural reservoir the neighboring country 
will be insured of a steady supply of water throughout 
the year, whereas at present this section usually suffers 
from drought every year during the dry season. 

High-tension lines of 66,000 volts will run from the 
first power house to transforming stations located at 
the main centers of consumption, where the power will 
be redistributed over lines carrying 15,000 volts for the 
country districts and 6000 volts for the towns. 

It has been estimated by the promoters that when the 
first stage of the development is completed a supply of 
70,000,000 kilowatt-hours of energy per year will be pro- 
vided and that consumption, according to the present 
requirements, will be 20,000,000 kilowatt-hours a year, 
which will leave a considerably surplus for new indus- 
trial enterprises.—Commerce Reports. 


Influence of Internal Vacua and Ionization 
on the Life of Paper Insulated High-Tension Cables 
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Synopsis.—At the end of the year 1926 the High-Voltage 
Laboratory of the Electrotechnical Institute in Leningrad undertook 
an experimental research in order to study the influence of internal 
vacua and ionization on the life duration of paper insulated high- 
voltage cables, as well as to clear up the conditiona under which such 
vacua may occur. 

W. A. Del Mar? drew attention to the importance of internal 
vacua in high-voltage cables and pointed out the three probable 
causes of their appearance, namely: 

1. Temperature changes after installation of the cable, which pro- 
duce a change of volume of air and oil in the cable in view of the dif- 
ferent thermal ez pansion coefficient of lead and insulation of the cable. 


-OBJECT OF INVESTIGATION 
A an object of investigation a high-voltage cable 
was taken, the design of which is reproduced in 
Fig. 1. 

The cable consists of three cores, each having a 
thickness of insulation of 10 mm. (25/64 in.) and each 
covered with a lead sheath. The three cores are wound 
together into a three-phase cable and are protected by a 


Fic. 1—Cnoss-SECTIoN or 35-Kv. CaBLE Usep iN TESTS 


Outer copper conductor 

Inner conductor for Lypro cable protection 
Lead sheath 

Paper insulation 

Double steel ribbon armor 
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double steel ribbon armor. The working pressure of 
the cable is 35 kv. with grounded neutral and the work- 
ing pressure for each phase is 20.2 kv. - The conductor 
of each phase is split into two concentric stranded 
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and 


2. Residual deformations, occurring when the cable is put on a 
reel and taken off it afterwards. 

8. Changes in chemical structure in the impregnating compound 
under the influence of ionized air, which produce a decrease of 
volume of the compound. 

The aim of the research was to clear up the part of the above 
mentioned causes in the formation of internal vacua, then to deter- 
mine the values of those vacua and the decrease of life duration 
of the cable under the influence of the latter. 

The research is not yet finished and only its preliminary results 


are reported on these pages. 
+ * * 


conductors. The inner conductor serves for cable 
protection by the Lypro system. 

The tests were made with single conductors of the 
cable having a length of 10 m. and with grounded lead 
sheath. 


CONDITIONS OF TESTS 


During the performance of tests chief attention was 
drawn: (1) to the control of internal vacua, (2) to the 
electric field design on the end of cables under tests, 
and (3) to the elimination of the cable end influence 
during loss measurements. 

The ways of propagation of air in the cable were 
studied in order to work out the best method of control 
of the internal vacuum in the cable. For this purpose 
different methods of pumping the air out of the cable 
and of the manometer connections were tried. These 
tests showed that the propagation of air in the cable 
takes place chiefly along the stranded core in the inner 
part of it and immediately on its surface. - 

The insulation of the cable presents in most cases a 
medium quite impenetrable for air. Air can be con- 
centrated in single bubbles between the insulation and 
the lead sheath, but it cannot propagate along the 
cable. In view of these facts the pumping out of the 
cable of air was made from one of its ends and the inter- 
nal vacuum was controlled by two manometers con- 
nected with both ends of the cable. 


In most cases the same pressure on both manometers 
connected with both-ends of the cable was established 
during a few seconds. But in certain special cases 
obstacles were found in cables which prevented the 
longitudinal propagation of air. 

As previously mentioned, the insulation of cables 
presents a medium quite impermeable for air. But in 
certain cases air may be propagated from the conducting 
core to the lead sheath by bifurcated paths between the 
sheets of paper strands of the insulation. This explains 
the leakage of air through the insulation of the cables’ 
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ends, for the performance of tests necessitated the 
taking off of the lead sheath on the ends of the cable on 
a length of 1 m. In some cases the leakage was so 
considerable as to make difficult the maintenance of a 
constant vacuum in the cable. The control of the 
electric field on the ends of the cable was accomplished 


2—CROSS-SECTION OF CABLE TERMINAL 


Hemp packing 
Transformer oil 
Porcelain bushing 
Stuffing box 
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3—CABLE TERMINAL 


by means of end insulation, schematically shown in 
Fig. 2 and on the photograph Fig. 3. 

The upper electrode was made of wood and its surface 
was covered with tin-plate. The lower electrode is 
metallic. 

On Fig. 2, a is a hemp packing, 5b, transformer oil, 
c, a procelain bushing, and d, a stuffing-box. The test 
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of such a cable end insulator showed that its spark-over 
voltage is about 130 kv. "This design of the cable end 
insulator provides quite a satisfactory form of the 
electric field on the ends of the cable, so that the 
breakdown of the cable during the tests occurred always 
somewhere in the middle of the cable, but not on its 
ends. If the curvature of the stuffing-box were made 
not along the arc of a circle, but along another more 
suitable curve, the spark-over voltage of such a cable 
end insulator could be noticeably increased without 
increase of its dimensions. 

The elimination of the influence of cable ends on the 
measurement of losses in the cable was performed in 
the following way. At a certain distance from the 
ends of the cable two circular grooves 2 mm. wide were 
cut whereby thellead sheath was divided into three 
parts. The middle part was connected to Shering's 


Fic. 4—CaABLE READY FOR TEST 
bridge for measuring the loss and the two outer parts 
were grounded and formed guard rings. 


After the sample of the cable was prepared for the 
tests, the cable was hung on two strings of insulators, 
as shown in Fig. 4. 


The test voltage was derived from three Koch & 
Sterzel transformers, 0.5/125 kv., which could be con- 
nected in series. The voltage control was effected 
by means of a potential regulator made by the same 
firm. The study of the voltage curve of the potential 
regulator showed that when the latter was fed from 
500 volts, a sinusoidal curve was obtained with one 
transformer only for voltages above 47 kv. If the 
potential regulator was fed at 110 volts, its voltage 
eurve proved to be sinusoidal also. "Therefore, for 
voltages under 50 kv., the potential regulator was fed 
at 110 volts and three high-voltage transformers were 
put in series. For voltages above 50 kv. the potential 
regulator was fed at 500 volts and only one high-volt- 
age transformer was used. 
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In all these cases, the voltage curve was of a good 
sinusoidal form, as indicated by oscillograms. 

Dielectric loss measurement was made by means of a 
Schering bridge. The air standard condenser was of a 
flat type with three plates, the middle of which was 
connected to the high-voltage winding of the trans- 


former. The working surface of the plates (without 
heme 
See ^i P. d P n Ano yet: 

Fig. 5—VaRIATION OF CABLE LIFE WITH PRESSURE AND 


VACUUM AT 60 Kv. 


guard rings) was equal to 17,840 cm.? The distance 
between the plates could be changed in such a way 
that even for very low voltages, about 3 kv. the power 
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Fic. 6—VARIATION OF CABLE LIFE wirH VacuuM aT 50 Kv. 


factor could be accurately measured to three significant 
figures. 

To clear up probable errors in the measurement of 
losses, phase displacements in the resistors were measured 
by meansofacompensationmethod. Thiswasalsodone 
with the parasitical capacities (capacity of the connecting 
conductor of the bridge and the capacity of the non- 
inductive resistances). These measurements showed 
that the largest probable error does not exceed a few 
seconds of phase displacement. 

During the loss measurements the bridge was con- 
trolled in the following manner. After a measurement 
of the loss angle in the cable, a known non-inductive 
resistance Ro was put in series with the latter and the 
loss angle was again determined. For a voltage E 
and a capacity C of the.cable the loss in the non-induc- 
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tive resistance can be caleulated as follows: 
J? Ro = E? o C? Ry 

This loss must equal the difference of losses measured 
in the two cases mentioned above. Agreement be- 
tween the results of measurement and calculation 
indieates normal operation of the bridge. Such a proof 
of the bridge was made several times and always 
presented quite satisfactory results. 


LiFE DURATION OF CABLE IN FUNCTION OF INTERNAL 
VACUA 

For the determination of the life duration of the 

cable in function of internal vacua, different vacua 


Fic. 7—VARIATION OF CABLE LIFE WITH Vacuum AT 42.6 Kv. 
were created in the interior of the cable and the latter 
was put under different voltages. During each test the 
vacuum and the voltage were held constant and the 
lapse of time was noticed, until breakdown of the cable 
occurred. As it was impossible to close the ends of the 
cable hermetically, as already pointed out, it proved 
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S—VARIATION OF CABLE LIFE WITH VOLTAGES AT 
DIFFERENT VACUA 
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a. 100 mm. vacuum 
b. 200 mm. vacuum 
c. 300 mm. vacuun 


necessary to renew the vacuum periodically. "This 
was done without taking off the voltage. The per- 
mitted variations of the vacuum were + 5 mm. baro- 
metric pressure. But in several cases, when the leak- 
age of air through the cable insulation was small, after 
the voltage was put on the cable, an increase and not a 
decrease of the vacuum was observed. This can 
probably be explained by chemical changes occurring 
in the impregnating compound under the influence of 
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ionized air and accompanied by a volume decrease of 
the compound, as suggested by item 3 of the synopsis. 
(The chief results of tests of life duration of the cable 
under different vacua and voltages are given in Table 
I. On Figs. 5, 6, and 7 are drawn curves giving the 
life duration of the cable under different voltages in 
function of vacua, and the curves in Fig. 8 give the 
life duration under different vacua in function of the 
impressed voltage. 


TABLE I 


Vacua in mm. Pressure in mm. 


Voltage, kv. of mercury of mercury 
across column (under column (over Life 
1 cm. of the atmospheric | thc atmospheric duration 
dielectric pressure) pressure) in hours 
10.5 
5 
5.2 
4 
2 
13 
21 
11 
36 
57.7 


The character of the places of breakdown of the 
cable is shown on Figs. 9, 10 and 11. 
The study of curves on Figs. 5-8 shows the surprising 


Fics. 9, 10, 11—BnEAKDOWwN Points oF CABLE 
faet that to each voltage corresponds a certain most 
advantageous vacuum, at which the life duration of a 
cable becomes a maximum, which is very sharply 
pronounced at voltages of 50 and 42.6 kv. and less 
sharply at a voltage of 60 kv. To check this fact, 
duplicate cables were tested and the results obtained 
showed a satisfactory agreement with the statement 
mentioned above. This would suggest the idea that 
this cannot be explained by lack of uniformity of the 
cable samples. | 

In addition to this it may be seen from the curves on 
Figs. 5-8 that the vacuum for which the life duration 
of the cable has its greatest value depends upon the 
voltage. With increase of voltage the maximum 
becomes smoother and is displaced in the direction of 
lower vacua. 
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DIELECTRIC LOSSES IN THE INSULATION OF THE CABLE 
IN FUNCTION OF THE INTERNAL VACUA 
IN THE LATTER | 


In order to make a more complete analysis of the 
influence of vacua on life duration of the cable and to 
clear up the phenomenon of an optimum vacuum, 
measurements of loss angles were made at different 
voltages and for different vacua and pressures in the 
interior of the cable. The results of these measurements 
are given in curves of Figs. 12 and 13 which show the 
losses as functions of internal vacua and pressures. 


rrr 


40 30 10 100 0 100 | 100 ) M0 400 
Pressure (mm.) Yacuum (mm.) 


Fig. 12—RELATION BETWEEN PowER FACTOR AND INTERNAL 


PRESSURE 


The vacua are drawn in the positive direction of the 
axis of abscissas and the pressures in the negative 
direction. 

In Figs. 14 and 15 are drawn curves showing losses 
for different voltages as functions of different vacua 
and pressures. These losses are expressed as tangents 
of the imperfection angle 6 of the dielectric. These are 
approximately equal to the cosines of the angle of 
lead for ordinary cable dielectrics such as those under 
consideration. 

As we may see, with increase of voltage, tg ô in- 


Yacuum (mm) 


13—RELATION BETWEEN Power FACTOR AND INTERNAL 
PRESSURE 


Fic. 


creases, reaches a maximum value, and then decreases. 
The maximum of tg 6 is reached at a lower voltage as 
the internal vacuum becomes greater. The variation 
of the value of t g 6 is least in proximity to the maximum. 

An explanation of the decrease of power factor with 
increase of voltage was given by C. L. Dawes and 
P. L. Hoover.‘ With an increase of voltage after all 
the air in the cable has been ionized, the potential 
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gradient in this air does not depend upon the voltage 
but equals the breakdown gradient of air. Hence it 
follows that the loss in air at any further increase of 
voltage will remain constant and the total loss in the 
cable will increase more slowly than in proportion to 
the square of voltage, 1. e., t g 5 will decrease. 

Assuming the loss angle of the dielectric proper 
($. e., without air) to have a constant value and neglect- 
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Fic. 14—REvaTION BETWEEN POWER FACTOR AND INTERNAL 
PRESSURE 
I. Pressure 400 mm. over atmosphere 


II. Atmosphereic pressure 
III. Vacuum 300 mm. 


ing the small variations of capacity of the cable at 
increase of voltage, it is possible to determine the loss 
angle of the entire insulation (i. e., including air) for 
voltages higher than the voltage Eo, which corresponds 
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Fic. 15—RELATIOoN BETWEEN Power Factor AND VOLTAGE 


I. Pressure 250 mm. over atmosphere 
II. Atmospheric pressure 
III. Vacuum, 400 mm. 


to the maximum value of tg ô = tg do, if we know the 
loss angle of the insulation proper, t g ô. 

In effect the loss in air for a voltage E > E, may be 
expressed as follows: 

P,-E$oC(tgó,—1tg0)) = const. 
The loss in the insulation at a voltage E will be: 
P 2 = E? U) C t g Ô 1 

Therefore the total loss will be equal to: 
P = P, + P, 


4. C. L. Dawes and P. L. Hoover, Ionization Studies in 
Paper Insulated Cables, A. I. E. E. Trans., Vol. 45, 1926, p. 141. 
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E 2 
= Bwc((=") ((g609—1g60)) -tgó1| -E* o» Ctgó 
Thus 
Eo \ 
tg ó - (=>) (tg ôo — tgói)) c- tg, 


The eurve drawn on Fig. 16 gives the loss inthe cable 
as a function of the applied voltage at atmospheric ' 
pressure. The dotted curve gives the values of tg 6, 
as calculated from the above formula. As it may be 
seen, there it is fairly good agreement between the cal- 
culated and experimental curves. 

The curves on Figs. 12 and 18 show that a certain 
vacuum at which the loss is a maximum corresponds 
to each voltage. After the maximum is attained the 
loss begins to decrease and the velocity of decrease 
of the loss at first is greater then at a further increase 
of the internal vacuum. 

With increase of voltage, the maximum loss is 
displaced in the direction of small vacua and conse- 
quently we find displaced in the same direction the 
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Fic. 16—CoMPARISON OF CALCULATED AND EXPERIMENTAL 
CURVES BETWEEN POWER FACTOR AND VOLTAGE ABOVE THE 
VOLTAGE OF MAxiMUM POWER FACTOR 


parts of curves with diminished loss variations. Thus 
we have a relation of the same character as that al- 
ready mentioned, between the life of the cable and the 
internal vacua. This similarity shows that there is 
something in common between the two phenomena 
and suggests the ways for explanation of the nature of 
the phenomenon of the optimum life vacuum. 

A complete explanation of this phenomenon was 
not yet found, but it is possible that its cause may be 
as follows. 

With an increase of the internal vacuum in the cable 
at a constant voltage, (beginning from large pressures 
of the internal air at which the air is not yet wholly 
ionized), the loss will increase at first. Then with a 
vacuum, at which the internal air is wholly ionized, the 
loss will attain its maximum value. With a further 
increase of the internal vacuum the loss will decrease, 
as the dielectric strength of air will decrease and there- 
fore the voltage drop across the air will also decrease. 
As the dielectric loss will heat the cable, the temperature 
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of the latter will vary approximately in the same manner 
as its dielectric loss. 

As the life duration of a cable must naturally decrease 
with an increase of hot-spot temperature, it should at 
first decrease with an increase of the vacuum, and then 
increase. With increase of the vacuum, however, 

. because of the decrease of voltage drop through the 
air, the gradient of the electric field in the insulation 
,of the cable must increase. In the same way, the 
tangential components of the gradient along the joints 
of paper strips of insulation must also increase. All 
these causes provoke a continual decrease of the life 
duration of a cable with increase of the vacuum. For 
instance the fact that the life duration becomes five 
times less, at a voltage of 60 kv. with a change of 
conditions of the internal air in the cable from a pressure 
of 250 mm. (over atmospheric pressure) to a vacuum of 
300 mm., suggests that in general the dielectric strength 
of a solid insulation may depend upon the pressure of 
the surrounding air. In a cable it is quite possible that 
the barrier or baffle properties of the insulating paper 
become inferior and a freer motion of ions begins in the 
latter. 

Thus we see that with an increase of vacuum, at 
first all causes tend to provoke a decrease in the life 
of the cable. Then, when the loss and consequently 
the temperature begin to decrease, their influence may 
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Fic. 17—TypicaL Lire-VacuuM CURVE as SUGGESTED BY 


Power FAcTOR AND VacuuM RELATION 


become predominant in comparison with all other 
causes and the cable's life will begin to inerease. With 
a further increase of vacuum, the rate of variation of 
losses, as stated above, will diminish. This will lead 
to a state when the influence of causes decreasing the 
cable's life will predominate. 

This analysis shows that the curve giving the in- 
fluence of the vacuum on a cable's life duration must be 
of s shape shown in Fig. 17. This curve has the same 
shape as that obtained by experiment for a voltage of 
60 kv. and reproduced in Fig. 5. For the other two 
experimental curves drawn on Figs. 6 and 7, we have 
only the parts containing the maximum, as these were 
not determined over a wide range of pressures. The 
fact that the maximum becomes smoother with an 
increase of voltage can be explained in the following 
way; at high voltages, the gradient in the insulation 
of the cable and the tangential components of the 
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gradient become of prevailing importance, for, at high 
voltages, when the air is wholly ionized, the losses 
deerease with an increase of vacuum and the influence 
of their decrease at an increase of the vacuum becomes 
less perceptible. 

At the working voltage of the cable, the optimum 
vacuum as it appears will be so considerable that it will 
be practically necessary to take into consideration 
only the decrease of the cable's life. 


THE APPEARANCE OF INTERNAL VACUA IN CABLE 
IN CONSEQUENCE OF CHEMICAL AND THERMAL 
ALTERATIONS 


It has been mentioned that during the tests for 
determining the life duration of the cable in function 
of internal vacua, a tendency to an automatic increase 


Power tactor expressed as [and 


Hours 


Fic. 18—CHANGE oF VacuuM AND Power Factor as RESULT 


OF PROLONGED Lire TEst 


I. Power factor 
II. Observed Vacua 
III. Vacua corrected for parasitical volumes 


of the vacuum was observed, as it seems under the 
influence of chemical alterations in the impregnating 
compound under the influence of ionized air. 

To study this phenomenon quantitatively, a piece of 
cable was put under atmospheric pressure of air on its 
working voltage of 20.2 kv. A manometer was con- 
nected to one of the extremities of the cable to observe 
the appearance of the internal vacua. The other 
extremity of the cable was hermetically closed. At 
the same time, loss measurements were undertaken. 
The curves in Fig. 18 reproduce the results of the experi- 
ment. The curves are: I, the loss curve; II, the curve 
of observed vacua, and III, the curve of vacua, which 
would happen if there would not be connected to the 
cable the parasitical volume of air in the leads of 
rubber tubes and in the manometer. 

The sudden decrease of vacuum at the end of the 
experiment can be explained by imperfect sealing of 
the cable. 

The volume of air, which it was necessary to know 
to plot curve III, was measured by applying to the 
interior of the cable, a known volume of air at atmos- 
pheric pressure and observing the change of the vacuum 
after its introduction into the cable. 

It is obvious from curve III that under the working 
voltage of the cable, vacua approximating 155 mm. 
of mercury may appear. 
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For the determination of internal vacua which can 
appear under the influence of temperature changes, a 
piece of cable was heated to a temperature about 40 
deg. cent., measured by a thermometer dropped to the 
core of the cable. 

The cable was heated with an electric current about 
800amperes. Aftertheheating current wasinterrupted, 
in a lapse of time, which allowed to attain a compara- 
tively uniform distribution of temperatures in the 
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interior of the cable, the latter was hermetically closed 
and connected to a manometer. 

In this way it was found that at a decrease of tem- 
perature in the cable of 25 deg. cent. the internal 
vacuum increased to 180 mm. of mercury (corrected 
for the parasitical volume in leads of rubber tubes and 
the manometer). 


LOSSES IN CABLE AS FUNCTION OF THE DURATION 
OF VOLTAGE APPLICATION 


Loss measurements in the cable were made at the 
same time as life duration of the cable as a function of 
the internal vacua was determined. 

Characteristic curves of power factor as function of 
applied voltage obtained during these tests are repro- 
duced in Figs. 19 and 20. As may be seen from these 
curves, (g 6 at first diminishes, then remains constant 
for a time and then increases until breakdown of the 
cable occurs. 

The decrease of tg 6 during a certain time after the 
application of voltage may be explained by the heating 
of the cable through the dielectric losses. The ambient 
temperature was about 15 deg. cent. and as the cable 
losses have a minimum at a temperature about 40 
deg. cent., as shown by Mr. P. Dunsheath,' the heating 
of the cable leads to a decrease of t gô. After establish- 
ing a thermal equilibrium, tg 6 remains constant for a 
certain period. "This shows that the chief causes of the 
breakdown in the cable are chemical alterations, not 
pyroelectric effects. 

If breakdown in the cable were due to thermal causes, 
we should have a continual rise of temperature in the 
cable and the loss eurve would not have its horizontal 
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Cables," Journal of the Institution of Electrical Engineers, 
January, 1926. 


INFLUENCE OF INTERNAL VACUA AND IONIZATION 35 


part. The pyroelectric effect begins to play an im- 
portant part only at the approach of the cable's break- 
down, which accounts for the appearance of hot spots 
before the breakdown. 


CONCLUSIONS 


1. Internal vacua of the order of 350-400 mm. of 
mercury may appear in a cable under the influence of 
temperature changes and ionization of air. 

2. The appearance of internal vacua at the working 
voltage of a cable may noticeably lower the life duration 
of the latter. 

8. Aircan easily propagate along the core of a cable 
and in the interior of the latter, but on considerable 
lengths of cable stoppers may occur, which will impede 
such a propagation. 
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4. To prevent the dangerous effect of internal vacua 
the following measures may be recommended: 

a. Use of chemically stable compounds; 

b. Arrangement of free ducts in the interior of the 
cable for air to maintain the atmospheric pressure in 
in the interior of the cable by using the flow of air from 
the extremities of the cable; 

c. Arrangement of free air ducts in the interior of 
the cable and in the splices for compensation of vacua 
that may appear with the volume of air contained in 
them; 

d. Pumping of dry air through ducts in the coreof a 
cable to maintain the pressure in the cable higher than 
that of the atmosphere; 

e. Filling a cable with transformer oil forced under 
pressure at the splices of a cable to provide compensa- 
tion at volume changes of internal air in the cable. 


WILL TAKE DISTRIBUTION CENSUS 
FOR 1930 

The fifteenth decennial census which will be taken in 
1930 will probably include a national survey of dis- 
tribution, according to a recent statement by Secretary 
of Commerce, Herbert Hoover. It is stated that 
details of the national census remain to be worked out 
but that the need for statistical information relating 
to the distribution of commodities has long been felt. 
A census of production is well organized but a census 
of distribution must be put on the basis of an actual 
enumeration. 


Approximate Solution for Electrical Networks 
When These are Highly Oscillatory | 


BY E. A. 
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Synopsis.—T he general solution to the slightly damped network 
is expressed in terms of the undamped solution by means of series 
expansions. The first part of the paper gives a method for evaluat- 
ing the complex roots of the determinantal equation, and the second 


N working out the general solution of an electrical 
network, subjected to suddenly applied e. m. fs., by 
the classical method, there are two steps which 

involve a disagreeable amount of calculation—the 
determination of the natural angular velocities of the 
system, and the evaluation of integration constants or 
transient current amplitudes. The use of Heaviside's 
expansion formula does considerable toward simpli- 
fying—at least systematizing—the latter; but there 
still remains the necessity of solving high powered 
algebraic equations, which, when the network contains 
more than -two meshes, becomes a tedious process. 
Primary among the factors which contribute toward the 
unwieldiness of the solution are the dissipative terms 
introduced by the presence of ohmic resistances. The 
solution for an idealized system with no ohmic losses 
is much simpler both analytically and in consequent 
numerical manipulation. [In the first place, the deter- 
minantal equation for this case contains only even 
powers of the independent variable, say p, and, when 
solved for p?, contains only negative real roots which 
may be evaluated by Newton’s or Lagrange’s approxi- 
mation methods when the degree is above the third in 
p*. Secondly, only purely imaginary or purely real 
quantities enter into the manipulations involved in 
evaluating integration constants instead of complex 
quantities. As soon as resistance enters into the prob- 
lem, and in actual cases it always does, the work in- 
creases manifold. In practise, however, it is very 
frequently the case that although resistances are 
present, they are very small and cause only a relatively 
slow attenuation. We call such circuits ‘highly 
oscillatory.” Practically every network used in con- 
nection with radio telephony comes under this head. 
It would seem, therefore, both useful and very logical 
to approach this case from the standpoint of the per- 
turbation problem, and ecnsider the slightly damped 
network as perturbed out of its undamped condition. 
It is the object of this paper to show how, by means of 
expansion in series, this standpoint may be carried out. 
The same idea may be applied to the distributed con- 
stant problem and many others; and it is hoped that 
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part showé how the expansions of the first part may be correlated 
with the Heaviside formula to form the complete approximate 
solution. An example illustrates the application to a simple 
network. 


interest might be stimulated in this general direction. 

If we consider the meshes in our electrical network 
numbered from 1 to n, and let À;, Pin Ci; be the total 
inductance, resistance, and elastance, respectively, in 
mesh 1, and further let — ^4, — Pix — Cix be the total 
inductance, resistance, and elastance, respectively, 
common to meshes? and k (^;, being the sum of mutual 
and common self inductances), then the system of 
homogeneous differential equations describing the 
natural mode of oscillation of the system, when written 
for the mesh charges, takes the form :? 


Qi 1 + O12 Z2 +. .cbauz.—0 
021 X1 + azt: +. + Ant, = 0 (1) 
Ani X1 Hantot... . + Gan X. = 0 
f d? d 
with ai = Nik Go + Pik y + Oik 
dt dt (2) 


[| 
and Tk - f üat 
0 


The use of mesh charges x, instead of mesh currents 2, 
avoids the appearance of integrals in the system (1) 
and also brings out a closer analogy between the elec- 
trical system and the equivalent mechanical system in 
which displacements take the place of electrical charges. 
If we assume as solutions to system (1) the normal 
functions: ; 

Tk = X k e” (3) 
there results the system of simultaneous homogeneous 
algebraic equations: 


b Xi + Oi X: +. . + 61,X, = 0 
bo, Xi bu Xs. ob X, = 0 (4) 
ba Xi + brni X + e.. æ o +b, Xn z= 0 
where: bis = bir (p) = Nik P? + pip + Oik (5) 


The assumptions (3) will be useful if system (4) leads 


2. See Carson's ‘‘Electrie Circuit Theory and Operational 
Caleulus,’”’ McGraw-Hill, 1926. Our system of equations (1) 
is identical with Carson's system (14), p. 10, with the substitution: 


d : 
ik = m , allowing for differences of notation, of course. 
Our following equations (4) and (6) correspond in the same way 
to Carson's equations (18) and (16), pp. 10 and 11. 
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to non-trivial solutions for the amplitudes X,. This 
will be the case if the determinant of the system 
vanishes, 1. e., if: 


Digs: as ie “od bi. 
biis um ue Ban 


For the solution to be unique it is further necessary 
that D have the rank n — 1, 2.¢., that at least one of its 
first minors shall not vanish. Equation (6) is in 
compact form the determinantal equation of the oscil- 
latory system. Since each element is in general a 
polynomial of the second degree in p, D will be a 
polynomial of the 2 nth degree in p, and according to 
the fundamental law of Algebra (6) can be satisfied 
in 2n ways. Hence 27 solutions (3) exist with 2n 
arbitrary amplitudes X, to satisfy the 2n initial 
charges and currents in the given electrical system. 

Consistent with our major premise, we proceed to 
expand (6) in powers of p;, by Taylor's theorem. We 
have:? 


MI 


"ADD 


But Eom to the rule for differentiating deter- 
minants:! 


Pik =0 


dD (p) 


em (7) 


Oy ee ea 


Pik =0 


àD(p _ DDP) dbs  , d bir 
Ò Pik Ò bir Ò Pik ik (p) Ò Pik 
= Bi (p). p (8) 


where B,, (p) is the minor of b;, in (6). Since D (p) is 
a whole rational function in pj, the expansion (7) 
will contain a finite number of terms. From (8) it is 
evident? that successive terms will rapidly become 
smaller if pi < «p. We will assume this and 
consequently neglect all powers of the p;, 's above the 


first. If now we adopt the notation: 
[D (p) ] = D* (p) 
Pik =0 (9) 
and | Bir (0) | 0 = Bat 
Pik ™ 


our determinantal equation (6) becomes: 


n 

Dip) = D* (p) +p Dë Bat (P). pu =0 (10) 
a ee 1 

3. See Wood’s “Advanced Calculus,” Ginn & Co., 1926, 
p. 49, equation (1), or any similar text covering Taylor’s theorem. 

4. See, for example, R. F. Scott’s ‘Theory of Determinants,” 
Cambridge University Press, 1880, p. 35. 
5. This will be clear if we note that B kis two powers lower 
in pthan D. Hence the second term of (7) divided by the first 
will be of the order: pjx/p. 
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A first approximation to the roots of (10) is given by: 
D* (p) = 0 (11) 


which is the determinantal equation for neglected 
attenuation. As already pointed out, it contains only 
even powers of p, the roots for p? being negative real, 
and hence those for p purely imaginary. Let the roots 
of (11) be given by: 
p = p* (12) 
According to the Newtonian method* we then put 
for the roots of D (p): 
6. See, for example, Woods & Bailey, ‘‘A Course in Mathe- 
matics,” Ginn & Co., 1907, p. 114. The method is there shown 


applied to the solution of numerical equations, but the general 
idea involved is the same as that used in this paper. 


p= p*+6 (13) | 
and substitute this value into D* (p) of equation (10). 


For the second term in (10) it is sufficient to substitute 
(12). We then have: 


D (p) = D* (p* + 8) + p* X Bust (p*) . pa =0 (14) 
1 

Expanding the first term in a Taylor’s series about 

p = p* we get: 


D* (p* + 8) = D* (p*) +34 (S—) b+... (15) 
1! Op p =p* 
Now if we note that 
D* (p) = Cn p” + Cr- pH... +0 
= C, (p* + ô)” + Cn- (pf +8)... +C 


and (p* + ô)” 


Ô n (n — 1) ô ) 
p* + 2! p* + e o e 
we see that terms of (15) above the first degree in 6 
may be neglected if: 
n—1 6 
2 p* 


n 
= p** lt; 


(16) 


which is the criterion for a “‘highly oscillatory” network 
in the sense in which that term is used in this paper. 
Substituting (15) into (14) and noting that: 


D* (p*) T 0, 
and also that 
[2] - "A roD* dba ] 
E - 2" Ó bik Ò p p =p* 
= X+ 2 Na p* Ba* (p*) (17) 


1 


weget 0 D#2 aBa" (p*) + 9^ pa Burt (p*) = 0 
1 1 


>* Pir Ba* (p*) 
(18) 
S 2 AaBàa*(p*) 


1 

From the form of (18) it is clear that 6 will 
always be real, and hence represents the damping 
factor associated with the frequency given by p*. 
The complete complex “natural angular velocity” 
so called is given by (13). The form of (18) is in itself 
interesting. The damping factors appear as the 
negative quotient of the averaged mesh resistances 
weighted by the unperturbed minors, and double the 
mesh inductances averaged in the same way. The 
dimension of 6 and its similarity to that for the simple 
R, L, C circuit are evident. The latter may serve as a 
simple illustration of our result. Here, 


1 
D (p) =b(p) =LpP +Rp+-p = 


9 
D* = Lp —— = 0; pt = 
(p) p? + p JLG 
The B,,* are unity in this case and we have, 
R 
ees 
R 


and hence, p = — 55, xj ———-. 
á 2L FI VLE 
The exact root differs from this only in that the damped 
angular frequency, 
cJ " ME 

LC 4L 
appears in place of the undamped. 

Although equation (18) is applicable more directly 
to the mathematical representation of the network 
itself, the same idea can be carried out on the deter- 


minantal equation in its polynomial form. If we 
have given: | 
D(p-94A.p'-4-A,-ip"'-F...-c-4.-20 (19) 


it can easily be shown that the corresponding deter- 


minantal equation for the undamped case is approxi- 


mately’ given by simply striking the second, fourth, 
etc., terms, t. e., that: 


D* (p) = A, p^ + An-2 p” + Pu. te + Ao = 0. (20) 
Then if we let, 
G (p) = An- pP! + An- P3 +...+Aip = (21) 
it will be seen that sf G (p) | = 0, 
Pik =0 


7. For the preceding simple example this happens to be 
exact; but in general the resistance terms will contribute a small 
share to the coefficients of even powers of p. 
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and hence that (21) can take the place of the double 
sum in (7). Applying the Newtonian method as 
before we find: 
G (p*) 
o D* ) 
( Op /p=p* 
To illustrate the application of (22), let us consider the 
numerical quartic: 
D (p) = pt + 50 p + 8.91 x 105 p + 2.083 - 107 p 
+ 1.601°10, = 0 
Here D* (p) = pt + 8.91:105 p? + 1.601:10'! = 0 


ô = — (22) 


and p* = +)800and +7 500. 
For the first of these: 
oD* 
G (p*) = F 39.36 :10*; ( ) = F 7 6.23°108 
Ò p ? = pe 
and hence 6 = — 15. 
For the second: 
, ð D* : 
G (p*) = = j 3.90:10°; (Sz ) = + j8.90-10*, 
D^p-p 
and hence = — 10. 


The final roots are: 
— 10 +7 500 and — 15 +7 800 


which are exactly the ones used in making up the above 
equation, the differences due to the approximate method 
of solution not being noticeable on the slide rule used 
in the calculation. 


It frequently happens that due to the absence of 
independent inductance or elastance in one of the 
meshes, the determinantal equation comes out to be 
of an odd degree. The number of natural angular 
frequencies contained in the system in that case will be 


—] j 
= 2 where n is the degree of the equation. The odd 


root will be purely real. The fact that it possesses a 
normal coordinate? as well as the rest of the frequencies 
but vanishes for vanishing resistances, seems to indicate 
physically that in the latter case a regrouping of the 
meshes can be carried out so as to reduce their number 
by one—there being always as many normal coordinates 
as there are meshes, (physical dimensions in the equiva- 
lent mechanical system). It would seem as though 
for this real root our method would fail, since its 
imaginary partis zero. However it can be shown that 
so long as this real root is within the same order of 
magnitude as the real portions of the rest of the roots, 
the method still holds with fair accuracy. Let us 
suppose we have an equation of even degree given by: 


D (p) = 0; 


8. See paper by the writer entitled ‘‘Making Normal Co- 
ordinates Coincide with the Meshes of an Electrical Network,” 
Proceedings of the I. R. E., Nov. 1927, p. 935. 
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and we introduce an extra real root p = — a. Then 
the equation of odd degree becomes: 


Do (p) = (p + a) D (p) = (23) 


The equation for neglected resistance would then be: 


D,* (p) = p D* (p) = 0, 
which contains the zero root mentioned above. Hence, 
substituting p = 0 + 6 into (23) and expanding we get: 


d Do 
Da (6) = Do (0) + = ( op EE , <0, 
D, (0) 
and ES 
Op /»-0 
But: D, (0) = aD (0), 
o Do >D) 
= En D (0), 
and (=)... a( m a (0) 
that: ô 2 
so that: E du qe. iem 
oD á 
0 
DO +a( > Ò p ), 


from which it is clear that the method still gives satis- 
factory results if: 


(55)... « « D(0); 


or by using the notation of equation (19), if 


Qo 
aS << 
^21 


In our numerical example above, this means that an 
additional real root (p + a) may be introduced and 
re-evaluated by formula (22) with good results as long as 
1.601-10" 

a< < -20310 ^ 
which condition is easily fulfilled if œ is not much 
larger than the real portions of the other roots. Note 
that for the evaluation of this real root equation (22) 
simply becomes equal to the negative quotient of the 
last two coefficients of the odd powered determinantal 
equation in the form of (19). After this odd root has 
thus been determined, it is best to divide it out and 
then treat the remainder as in the case where D (p) 
is of even degree. To illustrate let us take our pre- 
vious numerical example, and introduce the root 
p = — 100. It then becomes: 


D (p) = p + 150 pt + 8.96:10* p* + 1.094-10* p? 
+ 1.62-10!! p + 1.601°10" = 0. 
Here: D* (p) = p + 8.96:10* p? + 1.62°10" p, 
and G (p) = 150 pt + 1.094-10* p + 1.601°10". 
By applying (22) for p* = 0 we get: 


1.601°10" 


1.62°10” 


7890, 


98.8 
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which is the root correct to within 0.2 per cent. 

Our next step is to show how nicely the above method 
of arriving at the approximate complex roots fits in 
with an approximate determination of the transient 
current amplitudes by means of Heaviside’s well-known 
expansion formula. The latter may be put into the 

Bi Bir (p) e" ») e^" 


Ebr (55), .- 


when written for the current in mesh 7 due to a suddenly 
applied direct voltage E in mesh k or vice versa. 
D (p) is the determinant given by (6), and B, the 
respective minor of this determinant. The summa- 
tion is to extend over all the roots of the determinantal 
equation: 


(24) 


D (p) = 0. 


For the case of slight damping, however, the solution 
is given approximately by: 
Bi, Birt (p,*) e" e?" 


Y 


But the denominators in this sum are already known 
from equation (17), so that we merely have to substi- 
tute these same values into (25) in order to get the 
complete solution. 'The approximate solution to the 
determinantal equation dovetails nicely with the 
process of evaluation of the transient current ampli- 
tudes. Substituting (17) into (25), we can write for 
Heaviside's — formula in approximate form: 


" Eu (p, *) e", 
MTS T b 


(25) 


(26) 
p,* Şu Aix Bix* (p,*) 
1 


If the determinantal equation (6) has no zero root, it 
means that the mesh in which the e. m. f. is impressed 
contains a condenser so that the steady state becomes 


9. It will be seen with a little investigation that our: 


D (p) 
B (p) 


= p Z (p) 


where Z (p) is the transient impedance as usually defined in 
connection with Heaviside’s expansion formula. Now: 


d D d B d D 
B .— - D— — 
d [ D ] „l d p dp | Aar p= pp 
d B Jy =p Bp pep» B(p”) 


-» (42 


pb 


-[» 57 +z] 
Comparing with the usual form of Heaviside's formula, the form 
(24) will be seen to be identical with it. For additional infor- 
mation on this point, see ‘‘Notes on Operational Calculus,” by 


V. Bush, obtainable from the Electrical Engineering Dept. of the 
Massachusetts Institute of Technology, Cambridge, Mass. 


TZ). 
pr 
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zero. Since the terms in (26) are conjugate pairs, the 
current will be twice the real portion, or: 


sd B* (p,* ài 
ia = E Sp e 


1,3,5. | p,* | > Aa Bir" (p,*) 
1 


sin | p,* It| (27) 


In order to illustrate the entire process of solution 
outlined in this paper, let us consider a simple network 
consisting of two inductively coupled meshes with a 
suddenly applied constant potential of E volts in the 
first, —the circuit constants being given by: 


Au: = 0.8 henries; ^i = — .1 henries; ^»; = 0.2 henries. 
pı =5 ohms; pi = 0; Pox = 5 ohms. 
011 = 108 darafs; 0135 = 0; 029 = 108 darafs. 
Then, 

3 p? +106 —.1p 
D* (p) = | 

— .l p 2p?+ 103 


= p* + 6.04-10* p? + 2°10 = 0. 

From which p;;* = +7 2.45°104; p,,* = + j 1.87105. 
We then find 

Bu*(pis*) = — 2°10"; By*(pi2*) = — 6:107; Bz* (p1,3*) 

= — 1.79°108. 


and B,,* (ps,4*) = 9.93:107; B,,* (ps 4*) 


= — 8.5105; Boo* (ps4*) = — 5:10*. 


From which >" Pik Bie* (pis*) = — 9.95°108; 


1 
n 


> pi Bik* (pa4*) = 4.965°108, 


1 


and >" 2 Nik B,,* (pi,2*) = ro 5.96°10’; 


1 
n 


T» 2X4 Ba* (pa) = 5.90107. 
1 
and substituting into (18) we have: 


, 9.95105 — TT 
M77 59610 — 7 
. 4.96-10 T 
$44 7 59710 ^ 


Then substituting into (27) we get for the current in 
mesh one: 
41, = E (2.74°10-5 €—'67! sin 24500 t 
+ 1.78°10-3 e783 sin 1870 t). 
The current in mesh two is found from this by simply 
B 2* (p1,5*) 


multiplying the first term by "But us)! 
11 1,2 


B.* * 
and the second by "es - 
11 3,4 


Journal A. I. E. E. 
We find tie = E (8.22:10-5 e-1**! sin 24500 t 

— 6.28:10-*5 e-5*:! sin 1870 t). 
Itis quite apparent that the saving in tedious manipula- 
tion over the usual method is considerable. _ 


LUMBER WASTE WARNING SOUNDED 


A recent statement attributed to an important lumber 
manufacturers' association which is said to imply that 
there is no danger of a timber shortage, has brought a 
warning from the Chief of the U. S. Forest Service, Col. 
W. B. Greeley. He shows that his office has made 
investigations indicating that our timber supply is being 
used up much faster than it is being replaced by new 
growth and that most of our timber still comes from the 
diminishing virgin forests. 

The greatest evil of the present forest situation is the 
large and increasing amount of cut-over land that is no 
longer growing timber, says the Forest Service state- 
ment, and no better contribution can be made to a solu- 
tion of the forest problem than acceptance by the 
lumber industry of responsibility for reforesting their 
own lands. 

It has never been his view, Colonel Greeley said, that 
forest conservation ought to be accomplished by 
restricting the use of wood. On the contrary, he hopes 
to see a wide and liberal use of wood continued in the 
country, thereby promoting industry and commerce 
and encouraging the profitable use of vast areas of 
otherwise waste land. 

The association in return states that it is in substan- 
tial accord with Col. Greeley's views that reforestation 
is essential to the maintenance of an abundant supply of 
forest products, but also asserts that the more wood 
used the greater will be the incentive to grow wood. 


WILL STUDY TRANSPORT FACILITIES 
OF MISSISSIPPI 

The Transport Division of the Department of Com- 
merce has announced that it has assembled a field staff 
in its branch office in St. Louis for the purpose of study- 
ing inland and waterway facilities on the Mississippi 
and Warrior Rivers. The survey of available traffic 
is being made upon the request of Secretary of War, 
Davis, who made the request for such a survey in his 
recent report. 

Mr. M. R. Beaman, of the South Jersey Port Com- 
mission, will direct the field work. He has been granted 
a leave of absence for this purpose. 

It was stated by the Secretary of War, in requesting 
this survey, that present facilities were not enough to 
handle the amount of shipping on these rivers and it is 
understood that the study is being made preparatory 
to seeking an authorization from Congress for an in- 
erease in the capital stock of the barge line from 
$5,000,000 to $50,000,000. "This would permit expan- 
sion of the service to other tributaries of the Mississippi. 
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of Superposition as Applied to Dielectrics 
BY F. D. MURNAGHAN: 


Non-member 


Synopsis.—The principle of superposition, discussed first for 
dielectrics by Hopkinson, has been shown for a long time in ex peri- 
ment. However, its validity for the several theories which have been 
advanced for dielectric behavior has been shown in only a few cases. 
One of the exceptions is the important theory of Mazwell.? This 


F we have a plane layer dielectric with n layers and 
|| denote the thickness of the rth layer by a,, its specific 
inductive capacity by K, and its specific resistance 
by r, then the common current density u in each layer 
is given by 
u = (D 4 b.) f. (1) 
when D denotes time differentiation,’ f, stands for the 
displacement in the rth layer, and b, is an abbreviation 
for the ratio 4 7/K,r,. Furthermore, the displacements 
f are connected with the applied e. m.f. E by the 
equation 
afi + as fa + e +anf,=E (2) 
where a, is an abbreviation for the ratio 4 7 a,/K,. 
These equations lead to a linear differential equation of 


order n — 1 for each of the displacements f, the equation 
satisfied by f., being 


[ ay Qe 
D +b, + D +b: a o 
An E 
t»xxl^T 02 00 


it being understood, however, that this is merely a con- 
venient way of writing the differential equation which 
results when both sides are cleared of fractions by multi- 
plying through by the product of all the denominators 
(D + b,). The dielectric being supposed initially 
uncharged we have to find solutions of (3), consistent 
with (1), which have all the same value E(0)/o, 
4... +a,)whent = 0. 

The differential equation (3) has on the left hand side 
a differential expression F (D) of order n — 1, the 
coefficient of the highest order derivative D*— being 
(a, + 02 +...+a,), and we shall denote this 
coefficient by A, for convenience. The right hand side 


1. Johns Hopkins University. 

2. See Maxwell's Theory of the Layer Dielectrie, F. D. 
Murnaghan, A. I. E. E. JounNar, February 1927, p. 132. 

3. The symbol D stands for d/d t and is used throughout the 
paper symbolieally as an algebraie quantity. For the use of 
the symbolic operator D + b in the solution of linear differential 
equations with constant coefficients see any standard treatise 
on the subjeet, for example, Cohen's Differential Equations 
(Heath & Co), p. 96. 

Presented at the Winter Convention of the A. I. E. E., New 
York, N. Y., Feb. 13-17, 1928. 
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- we may denote by (2,25, . 


paper shows that the principle of superposition is a necessary conse- 
quence of Mazwell's theory. It goes somewhat further and shows 
that the principle is valid for any theory which leads to a system of 


linear differential equations with constant coe fficients. 
m * S + * 


of (3) is the result of differentiating the function E of t in 
the manner indicated by the product of all the (D + b) 
save the single one (D + bj)). It will be convenient 
first to consider the auxiliary equation 
F (D) y = E (i (4) 
since if we have a solution y of this equation the function 
f. obtained by operating on y by the product of all the 
(D + b) save the single^one (D + b.) will satisfy the 
equation (3). In fact since the coefficients in the poly- 
nominal F' (D) are constants we may interchange the 
order of the differentiations indieated by F (D) and 
by the product of the factors (D + b), Hence 
F(D).(D-b)(C.. .)(D+b)y 
=(D+b:)(. . .) (D +b.) . F(D)y 
=(D+5b)(. . .) (D +b.) E (t) 
We now proceed to find, by a method due to Cauchy, 


. that particular solution of the equation (4) which van- 


ishes, together with all its derivatives up to the 
n — 2nd inclusive when ¢ = 0. The homogeneous 
equation corresponding to (4), 2. e., 

F (D)z=0 (5) 
being of order n — 1, has n — 1 distinct solutions which 
. . 25-1), and the general 
solution of (5) is, in accordance with the theory of 
linear differential equations, a combination, with con- 
stant coefficients, of these n distinct solutions. Thus 
the general solution of (5) may be written in the form 

2=(C,2:+C2:24+. ; oS Ca-1 Za-1 (6) 
The constants C are entirely arbitrary and we choose 
them so that the function z of t defined by (6) vanishes 
together with its derivatives up to the n — 3rd inclusive 
when ¢ = 7; the n — 2nd derivative, on the contrary, 
assuming the value E (r)/A. The prescribing of the 
values of z and its derivatives up to the n — 2nd, in- 
clusive, in this way for a particular value 7 of t gives 
us exactly n — 1 linear equations for the determination 
of the values of the constants C which occur in (6). 
These constants will depend on the particular value 7 of 
t chosen to enable us to determine them by means of 
the conditions stated and they will, in addition, be 
proportional to E (7) since the right hand members of 
the » — 1 linear equations for the C's are all zero save 
one which is precisely E (7)/A. We shall indicate 
these facts by writing 2 of (6) in the form 
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z = E (T) v (t, 7) 
The fact that the coefficients in the differential operator 
F (D) of (5) are constants tells us further that the 
function v of the two arguments ¢ and 7 does not really 
involve them separately but is rather a function of their 
difference (£— 7). In fact the functions 2;, ete., are 
exponential functions of the time and these exponential 
functions reproduce themselves, multiplied by a con- 
stant factor, when differentiated with respect to thetime. 
Hence each C occurs, in the n — 1 linear equations which 
serve to determine them, multiplied by the same factor 
e*'', say, in each of the equations. This tells us that 
thev (t, 7) of (7) is of the type 


v(t, T) = Bye"? +... + Ba- e~“? (8) 


where the B’s are pure numbers independent of both 
t and r. The 6’s are the zeros of the polynominal 
F (D). We have found, then, a function 
z-E(r).v(t— T) (9) 
which satisfies the homogeneous equation (5) and 
which vanishes together with its derivatives with respect 
to t up to the n — 3rd inclusive when t = 7 (1. e., when 
the argument (— r of the function v is zero); the 
n — 2nd derivative assuming the value E (7)/A when 
the argument of v is zero. We now proceed to show 
that the function y of the single variable t, defined by 


theintegral 
t 
y= JE(s).0¢- rdr (10) 
is that particular solution of the equation (4) which 
vanishes together with its time derivatives up to the 


n — 2nd, inclusive, when t = 0; in fact, since the 
variable t occurs in two places— the integrand and 


the upper limit—in the expression for y we have for 


the time derivative of y 
Dy = f Et). Dvt- ndr E().v(9) 
0 


The second member on the right hand side vanishes, 
since the function v has been so arranged as to vanish 
when its argument is zero. Proceeding to the second 
time derivative we find in the same way that 


Dy- JEM. Dot- Dd: 


and so on up to the n — ist time derivative, which is 
slightly different; here the second term in the expression 
for the time derivative of the integral does not vanish, 
since the n — 2nd time derivative of v does not vanish 
when the argument of v is zero but has the value 1/A 
then. We have, therefore, 


Dy = JE). Dq- r)dt+E(/A 


Upon combining these results and remembering that 


THE PRINCIPLE OF SUPERPOSITION 


a) 
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the coefficient of the highest order derivative, D^-!, in 
F (D) is A, we have J 
t 


F(D)y = J E). F (D) ot- rdr E 


The first member of the expression on the right vanishes 
since the function v of t is a solution of the homogeneous 
equation (5), 1. e., F (D) v (t— rT) = 0 for all values of 
the argument (t— T). This shows that y, as defined 
by (10) is a solution of (4), and since all the derivatives 
up to the n — 2nd, inclusive, are expressed as integrals, 
the range of integration being from zero to f, all of these 
derivatives and the function y itself vanish when t = 0. 

The various displacements f, are now obtained from 
the auxiliary function y by operating on it in turn by 
the product of all the (D + b)'s but the single one 
(D + b). From the expressions just given for the 
various time derivatives of y up to the n — 1st we have, 
for example, 

t ; 
fie JEM. DHC . )D+b)ot—- Ddr 
+ E (t)/A (11) 
showing that the common initial value of all the dis- 
placements is E (0)/A. It will be convenient to intro- 
duce the notation 

hi (t— 7T) =(D+b.)(. . .)(D+ 6,)v(t— T) (12) 
etc., the function h, (t — 7) being the result of operating 
on the function v (¢— 7) by the product of all the 
(D + b)'s but (D + b). We have, then, the various 
displacements given by the formulas 


= f E(x) i 
6 


The n functions h, all have the same value 1/A when 
the argument (t— r) is zero. The formulas (13) 
become more significant, from a physical point of view, 
if we change their appearance by an integration by 
parts. On introducing the functions g, (t — r) by the 
equations of definition 


p(t- 7) = f ht ds 4 1/A 


h, (t— T) d T -- E (D/A (13) 


(14) 
so that 


d 
ps vq: (t— T) = — h, (t— 7T) 


we have from (13) 


: dE 
+f Tret- Ddr+EM/A 


The second term in the expression on theright hand 
cancels the fourth, since when the argument of ¢, is 
zero, the two limits of the integral of (14) coincide so 
that œ, (0) = 1/A. Then we have the final definite 
result . 
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~ dE 
f= BO eo + f d. -dr (15) 


This equation gives a physical interpretation to the 
functions qe; for, on writing E (t) = 1 in (15), we see 
that ¢, (t) is the displacement in the rth layer when a 
constant unit e. m. f. is applied at time ¢ = 0 to the 
dielectric supposed uncharged. 

The result given in (15) is the mathematical ex- 
pression of the Boltzmann-Hopkinson Principle of 
Superposition as applied to the displacements. It is 
evident from its mode that the principle of superposition 
is valid not only for Maxwell's theory of dielectric 
absorption but for any theory which leads to a system 
of differential equations which are linear and have 
constant coefficients. For example a theory in which 
the eurrent density was connected with the displace- 
ment by a second order equation of the type 
(D? + b, D + cj) f, =u would have the principle of 
superposition as a consequence. 

Once the displacements have been found the current 
density u follows at once from (1). Writing 
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y (t— T) = (D+ b.) e (t— 7) (16) 
(it is easily verified that the expression on the right 
has the same value for all the layers) we find 
u (t) = E (0) y (t) 
^ rdE dE 
+f ryt- Ddr+ ur A (17) 
The physical meaning of the function y (t) is evident 
from this formula; it is the current at time t due to a 
constant unit e.m. f. applied to the uncharged di- 
electric at time t = 0. The principal of superposition 
is not valid for the entire current but the first two terms 
of (17) may be found by means of that principal and 
then the complete current follows by adding. the dis- 
placement current which is given by the third term. 
We have given elsewheret the expression for the 
function y in terms of the constants of the layer di- 
electric and the formula (17) furnishes a ready method 
for calculating the current due to any type of applied 
e. m. f. 


4. A. I. E. E. Journan, February 1927, p. 132. 


Telephone Toll Plant in the Chicago Region 


BY BURKE SMITH: 


Associate, A. I. E. E. 


Synopsis.—This paper described the telephone toll system in 
the region within a radius of about 50 mi. from Chicago. In this 
system have been established 21 toll centers at which are handled 
the toll traffic of their own exchanges and 95 other exchanges in the area. 


Illinois, and two in Indiana, together form the 

metropolitan area which is referred to in this paper 
as the “‘Chicago Region." Within this area there are 
about three and one-quarter million people in Chicago 
proper, with another one and one-quarter million dis- 
tributed in about one hundred communities in propor- 
tionately decreasing densities from the Chicago city 
limits to the outer boundaries about fifty miles distant. 
The growth of the population in this area is at the rate 
of approximately a million per decade. 

This area is served telephonically through local 
exchanges which are, for the most part, identical with 
the one hundred odd communities already referred to, 
and each receives service within its area under its local 
service tariffs. Between any one community and any 
other community, service is, in general, subject to an 
additional tariff or toll charge based on the center to 
center distance. 

The general advancement of this region has been 
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Presented at the Regional Meeting of District No. 5 of the 
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and 


Descriptions are given of the toll plan and the toll plant, methods of 
handling toll calls, volume of traffic handled, etc. A most important 
consideration is the very rapid growth taking place in toll-service 
requirements in this region. 


material. This has been more than reflected in the 
accompanying increase in telephone business. Within 
this business the rapidity of increase has been even more 
marked in the toll than in the local phase. Since all 
indications point to a continuance in this same relative 
progress, it may be appreciated that the toll develop- 
ment will present a continuing problem if no other 
factor than magnitude alone need be considered. 
Along with magnitude, however, there are problems of 
re-alinements of distribution as communities of interest 
and methods of operation change and plant design 
advances. 

It is obviously as impractical to provide each local 
exchange with direct or fixed connections to every other 
exchange as it is to so deal with the various subscribers' 
stations within a local exchange. Switching or dis- 
tribution centers must, therefore, be arranged which 
result in greater toll plant efficiencies and toll line 
route concentrations. The actual result of this in the 
Chicago region has been the establishment of 21 toll 
centers, at which are handled the toll traffie of their 
own exchanges and the other 95 exchanges in the area. 
These 95 exchanges have, therefore, become, for toll 
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purposes, satellites to these centers, or as it is generally 
expressed, “‘tributary exchanges.” It is expected that 
these 21 centers may be still further reduced with im- 
provements in methods and plant design. 

Toll traffic between these toll centers, whether origi- 
nating at the centers or at their tributaries, is handled 
by one of three operating methods known respectively 
as: 


1. The Toll Board Method, in which the calling sub- 
scriber is connected with the recording operator, 
familiarly known as “Toll” or “Long Distance." At 
the present time the recorder takes the details of the 
call and dismisses the subscriber until a line operator 
can complete the call. 
going a change. As soon as equipment rearrange- 
ments are available the work of the recording and line 
operators will be combined and marked service im- 
provement effected. 

2. Two-Number Toll Board Method, in which the 
* A" operator accepts the call and passes it to a “Toll 
Board" operator, who handles the call while the calling 
subscriber remains at his telephone. This method will 
tend to merge with the improved toll board method. 

8. A-B Toll Method, in which the ''A" or subscriber’s 
operator, on receiving a call from the subscriber, 
supervises the call through to the called station, the 
calling subscriber staying at the telephone. 

Under the last two methods only calls made for a 
station by number can be completed, and the first 
method is used for all calls on which a particular person 
is asked for. The determination of the proper use of 
each of these three methods involves consideration of 
service requirements and economies. In general, the 
so-called A-B method is used for short-haul traffic of 
large volume, the two-number toll board method for 
short and intermediate distances of lesser volume, and 
the toll board method for long-haul traffie of small 
volume. These, of course, are only general groupings, 
and the method adopted in any individual case is based 
on the actual conditions to be met. 

There are, of course, also variations within these 
methods, such as, for example, the use of a tandem 
switching center in an A-B method. This variation as 
applied to Chicago, consists of a tandem board at which 
are centered toll trunks from Chicago exchanges as well 
as from outlying exchanges. Calls received by the 
“A” operator at a Chicago exchange, for one of these 
outlying exchanges, may be routed via the tandem 
switching operator, who in turn connects through to the 
called office, via the toll trunks available to her. In 
this way it is not necessary to have direct toll lines from 
every local board in the area to every other local board; 
yet, at the same time, it is possible to complete these 
calls by the A-B method. There is at present only one 
tandem board in the Chicago region, and this is located 
in the loop district. Of course, as the volume of traffic 
between any two exchanges, which is handled through 


This method is now under- 
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the tandem board, increases sufficiently to make it 
economical, direct to!l circuits between the two ex- 
changes are provided. 

Progress in the Chicago region has been steadily chang- 
ingfroma condition of practically all toll board operation 
with the hang-up method, to two-number and A-B 
toll methods without hang-up as the toll volumes have 
increased and station-to-station service has become 
more popular until today fully 87 per cent of the 
Chicago regional toll traffic is handled by the A-B 
method. "The improved toll board method will further 
increase the percentage of business handled on a “no 
hang-up” basis. 

In this connection, it should be noted that concur- 
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rently with this change from toll board to A-B opera- 
tion has come a marked change in speed of service. 
The average speed of service, that is, the average time 
from the request for a number by the calling subscriber 
to the ringing of the bell of the called subscriber, under 
the toll board method, averaged about seven min., 
while the speed of service under the two-number and 
A-B methods averages less than one min. Part of this 
reduction in time of connection is, of course, a direct 
result of the methods of operation, although part of it 
is also a result of the more liberal provision of facilities. 
However, such provision to permit of faster service has 
resulted in stimulating the use of the toll serv.ce, with a 
corresponding increase in the size of circuit groups and . 
in the efficiency and speed with which these circuit 
groups can handle the traffic. 

Associated with this regional toll traffic, there is the 
traffic which goes out of the area to more distant points, 
and that which comes into the area from distant points 
including traffic to and from such points which must be 
switched at a center, like Chicago. 'The economical 


Jan. 1928 


provision of the plant to care for this extra regional 
traffic, with that for the short-haul traffic, further adds 
to the complexity of the plant design. 

The provision of the plant for this intra and extra 
regional traffic to be economically carried out must be 
based on some general plan of future development 
within the area. Such a plan, generally known as the 
“toll fundamental plan," projects volumes of traffic, 
anticipates methods of handling, and arranges toll 
centering, tributary and route layouts for some ultimate 
period, normally about 20 years in advance. Such a 
plan must, of necessity, be reviewed and revised from 
time to time to keep pace with the developments and 
changes in toll service requirements, and is a guide to 
current toll plant construction rather than an absolute 
control of it. 

Illustrations of some of the problems of growth and 
development of toll plant within the Chicago region 
follow: 

Referring first to the toll fundamental plan, Fig. 1 
shows the grouping of the exchanges in the Chicago 
region around the toll centers. For example, the 
small exchanges around Joliet under this plan reach 
Chicago and other points via Joliet. This figure 
incidentally indicates the several toll routes radiating 
from Chicago, such as the route along the North Shore, 
that northwest from Chicago toward Barrington, 
another directly west through Oak Park and Geneva, 
and the one southwest toward Aurora with a branch 
toward Joliet and Morris; still another directly south 
to Chicago Heights, and one southeast to East Chicago 
which forms part of the main route to points East, 
including New York. 

Considering now the growth in toll traffic in this 
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Fie. 2— ToTAL STATIONS AND POPULATION IN CHICAGO REGION 
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region, there were ten years ago approximately 560,000 
telephones with approximately 11,600,000 toll mes- 
sages per year. In this same area, with something over 
one-million telephones, we are now handling approxi- 
mately 46,000,000 toll messages per year, or an increase 
of 300 per cent, while the number of telephones has 
inereased only 90 per cent, and the population approxi- 
mately 33 per cent. "These relations are shown diagra- 
matically in Figs. 2 and 3. 

While a large part of this increase in toll traffic is 
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within a 50-mi. radius of Chicago, yet the longer haul 
has increased greatly, as for example, between Chicago 
and St. Louis, 185 messages per day ten years ago, 
compared with 650 messages today; between Chicago 
and Detroit, 180 messages per day ten years ago com- 
pared with 1000 messages today. 

Toll cable has been the solution of the increasing 
toll circuit requirements, since there is a definite limit 
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Fig. 3—TorAL ToLL MEssAGES AND POPULATION IN CHICAGO 


REGION 


to the number of circuits which can be provided by 
open wire. 

Notwithstanding the continued use of open wire on 
the less dense routes, the extension of cable has de- 
creased the toll open wire in the plant. "This is shown 
in Fig. 5. It will be noted that cable wire mileage has 
increased from 36,000 in 1916 to 224,000 in 1926, an 
increase of 520 per cent in 10 years, while toll aerial 
wire mileage in this region has decreased somewhat 
during this period. 

The rapid extension of the toll cable plant is shown 
in Fig. 4 on which is indicated the cable in service 
five years ago, the cable now in service, and that 
rather definitely foreseen within the next five years. 
It should be noted that in several of the routes shown 
a second cable, and in some cases a third and fourth 
cable, has been placed. 

In designing such a cable network as this, there are a 
great many problems which must be solved before the 
plant can actually be provided; e. g., starting out with 
an assumed grade of transmission, which it is neces- 
sary to provide from any station to any other station, 
the distribution of the losses must be economically 
apportioned. Take the simplest case of toll connection, 
cons sting of a calling subscriber’s loop, the called sub- 
scriber’s loop, and the connecting toll circuit. Prob- 
ably it would be possible to apportion 45 per cent of 
the loss to each subscriber’s loop, and design the trans- 
mission of the toll circuit so that only the remaining 
10 per cent would be in that portion of the connection. 
Or it would also probably be possible to assign 10 per 
cent of the loss to each subscriber's loop, and take up 
the remaining 80 per cent in the toll circuit. There is, 
of course, an economical division of these losses, and 
these must be determined in designing the toll plant. 
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Consider the design of the tandem trunk plant. 
These trunks may be classified into two groups, those 
connecting the tandem board with city offices, and those 
connecting the tandem board with suburban offices. 
If we should divide the total allowable line loss between 
these two groups equally, we would not obtain an 
economical balance, sincé the tandem trunk which is 
extended into suburban territory may be as much as 
fifty mi. in length, while the city tandem trunk will be 
very much shorter. There is, therefore, a very materia, 
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Fig. 4—ToLL CABLES IN THE GREAT Lakes DISTRICT 


saving by dividing the allowable losses unequally be- 
tween these two classes of tandem trunks. In Chicago 
a study of the costs involved showed that this division 
of losses should be made up as follows: 
Tandem trunks in the 

metropolitan zone (within . 

the city limits principally) 

| 5.0 Transmission units? 


allowable loss. 
Tandem trunks within the 
suburban zone.......... 10.4 Transmission units 
allowable loss. 


In the earlier days of the telephone business, all toll 
circuits of any appreciable length were provided by bare 
wire strung on insulators, and it was not until a rela- 
tively few years ago that the development of the art 
permitted the use of cable circuits for this purpose. 
The earlier toll cables consisted simply of insulated wires, 
twisted in pairs. In this period transmission losses were 
so large that this type of cable could only be used for 
short distances, even though consisting of 13 and 10 
gage wire. 

The development of the loading coil, which has been 
described in other papers presented before the Institute, 
permitted further use of cable, and made cable available 
for increased length of haul where the volumes of traffic 
demanded additional facilities. 


2. For description see paper by W. H. Martin, A. I. E. E. 
Trans., Vol. 43, 1924, p. 797. 
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Since their introduction, the development of loading 
coils has advanced materially. The first coils intro- 
duced into the toll plant, some 25 years ago, were of 
iron core construction. While these coils were satis- 
factory under the conditions for which they were de- 
veloped, when telephone repeaters became available 
it became desirable to provide improved types of load- 
ing coils. A loading coil having a pressed powdered 
iron core was, therefore, made available. The out- 
standing advantages of this coil was its higher magnetic 
stability and the smoother impedance conditions on 
the lines resulting from its use. 

This coil has proven satisfactory for repeatered 
circuits. It is now being superceded for new construc- 
tion, however, by a new type of coil having a pressed 
powdered permalloy core. This new core material 
permits a large reduction in the size of the coils without 
degrading established efficiency standards, and will 
result in large plant economies. Fig. 6 shows the 
relation of size of pots required to incase a given number 
of the new and old coils. This reduction in size is of 
great advantage where such coils must be placed in 
underground systems in congested city streets, or 
where in the country it is desirable to place them on 
pole fixtures. 

Another development in the cable art is that of 
quadded cable. In this type of cable two pairs of 
wires, each constituting a circuit, are twisted together 
to form what is known.as a “quad,” and these quads 
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Fig. 5—TonL CaBLE WIRE AND AERIAL WIRE MILEAGE IN 
THE CHICAGO REGION 


may be used to provide a phantom circuit, thereby 
increasing the message capacity of the cable by 50 
per cent. While this plan of making available a 
phantom circuit had previously been used in the open 
wire plant, t was not until quadded cable was devel- 
oped, that the phantom was available in cable circuits. 
The use of quadded cable for circuits using direct 
signaling, however, introduced another complication, 
in that the phantom circuit requires the introduction 
of a repeating coil at each end of each of the physica] 
circuits, which will, of course, not permit direct-current 
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signalling. It therefore becomes necessary in these 
cases to ''by-pass" direct-current signaling around the 
windings of the phantom repeating coil, in order to 
make use of the phantom possibility. The economics of 
this form of signaling must be studied in each individual 
case. 


Another important factor in the extension of cable 
for toll purposes is its immunity from storm damage. 
As is well known, open wire is subject to very serious 
breaks in the sleet storm area, while cable is practically 
immune from damage in such storms. It is estimated 
that to make an open wire line strong enough to give a 
strength of construction comparable to that obtained 
with aerial cable would require very large poles on very- 
short spacing or other special construction. Such a 
line also would need at least No. 8 B.W.G. hard-drawn 
copper wires. It is not certain that even such a line 
would stand up under severe storm conditions. Aerial 
cable construction on the other hand has been in use 
long enough to indicate that construction will almost 
never go down during the severest storms. In the 
extreme cases in which a break does occur the circuits 
in the cable probably will continue to give service. 
An example of how modern toll cable construction 
enables service to be given even if the poles are broken 
and the cable is thrown to the ground was shown in the 
case of a cable pole line between Maywood and 
Elmhurst, suburbs of Chicago. This line which was 


Fig. 6—CoMPARATIVE S1zE OF LOADING Corin CASES 


Eacb case containing 200 loading coils: 
Left—Permalloy Core Coils—Weight 725 pounds 
Right—Iron Core Coils —Weight 1750 pounds 


blown down in May 1927, during a wind storm of great 
severity carried two toll cables and also a subscribers 
cable. Although over a mile of pole line was blown 
down, the only trouble which occurred was due to a 
crack in the sheath at a splice which resulted in nine 
pairs being temporarily out of service out of a total of 
845 pairs in the two toll cables. 
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Cable plant must of necessity be added in rather 
large units with fairly large margins over immediate 
requirements. If futu e requirements are overesti- 
mated, this will result in an appreciable amount of 
idle plant investment, orif underestimated, uneconomi- 
cal reenforcement or replacement becomes necessary. 
The provision of cable thus requires careful forecasts 
for long periods as to the probable traffic volumes and 
circuit requirements. 

Even with the developments in cable and loading 
coils, which are discussed previously the distance to 
which cable could be extended for toll purposes was 


Fig. 7—LocaTION OF TELEPHONE REPEATER STATIONS AND 
THEIR RELATION TO THE TOLL CABLE NETWORK IN THE CHICAGO 
SUBURBAN AREA 


limited, and it was necessary to use No. 13, and in 
some cases No. 10, gage conductors to meet transmission 
requirements. With the development of vacuum tube 
repeaters’ and their availability for use with toll cable, 
the distances to which such cable could be economically 
extended was increased very greatly. Furthermore, as 
a result of the use of repeaters, it has been possible to 
reduce the gage of cable circuits, so that modern toll 
cables now seldom contain conductors larger than No. 
16 gage, and the greater proportion of conductors in 
such cables is generally No. 19 gage. 


The first installation of vacuum tube type repeaters 
in the Chicago region was in 1914 in connection with the 
transcontinental line. This was a small installation, 
and growth in repeaters in this territory continued at a 
fairly slow rate up to about 1924. This slow growth was 
due to the fact that it had been necessary to install 
practically no long toll cables other than that extend- 
ing between Chicago and Milwaukee. Beginning with 
the year 1924, toll cable was rapidly extended in vari- 
ous directions from Chicago for distances of over 100 


3. See paper on Telephone Repeaters, by B. Gherardi and F. B. 
Jewett, Trans. A. I. E. E., Vol. 38, 1919, p. 1287. Also by A. B. 
Clark on Telephone Transmission on Long Cable Circuits, TRANS. 
A. I. E. E., Vol. 42, 1923, p. 86. 
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mi. The Chicago-New York cable, for example, was 
completed in 1925, and the Chicago-St. Louis cable, 
which lies almost entirely within the State of Illinois, 
was completed in 1926. 

At the present time, there are approximately 750 
repeaters in use in the territory of the Illinois Bell 
Company, a very large proportion of which is in the 
Chicago region. Fig. 7 shows the location of repeaters 
in this Chicago region. 

Another problem which has come up in recent years, 
although not expected to be a recurring problem, 
is concerned with the quality of transmission. When 
toll circuits consist of only non-loaded open wire, the 
effect of the line on intelligibility :s negligible, as cir- 
cuits of this type are very nearly distortionless. 
The introduction of loading into the telephone 
plant, however, has brought with it a certain amount 
of restriction of the range of frequencies transmitted, 
varying in degree with different types of circuits. It 
is well known that loading has the property of cutting off 
. or suppressing frequencies above a certain number of cy- 
cles, depending on thecharacter of the loading.‘ Oneof the 
fundamental questions of loading has been to determine 
what range of frequencies should be transmitted to furnish 
a satisfactory grade of speech without undue distortion. 
Early studies indicated that a cutoff frequency of about 
2300 cycles would be satisfactory. These studies were 
ba ed on measurements made by ear methods, however, 
and have been supplanted by more recent studies made 
by more scientific means. These studies show that 
it is economically practicable and desirable to set a 
limit of 2800 cycles as the minimum cutoff frequency in 
loaded cables, and accordingly all new toll plant is now 
designed on a basis of a cutoff frequency of 2800 cy- 
cles or better. 

In Chicago, at the time the decision was made to 
adopt a higher cut-off frequency, there were installed 
about 50,000 loading coils in the local trunk plant. 
Many of these were on trunks which are used on toll 
connections, such as direct A-B and tandem trunks 
and toll switching trunks. These trunks had a cutoff 
frequency of 2300 cycles. A study of the Chicago 
city trunk plant showed that it was economically 
desirable to change the spacing of coils so as to raise 
the cut-off to 2800 cycles or better, and this work has 
now been practically completed so that all toll calls, 
with the exception of those involving a few circuits in 
some of the first toll cables installed, are now routed 
over trunks having the high cut-off features. Asa net 
result of this increase in the cutoff frequency, a lower 
volume equivalent can be used, which means that a 
given type of loaded circuit can be used for a some- 
what longer haul than if the cut-off were lower. 


With the increasing complexity of the toll plant in 
4. See paper on Development and Application of Loading for , 


Telephone Circuits, by Thomas Shaw and William Fondiller, 
Trans. A. I. E. E., Vol. 45, 1926, p. 268. 
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recent years, it has appeared desirable to make period- 
ical surveys of transmission conditions in a toll operating 
area to determine whether the existing plant is being 
used to best advantage from a transmission standpoint 
and to serve as a guide to the economical development 
of the toll plant during a period of say five years in the 
future. In considering the need for such a survey it 
should be noted that in the design of the toll plant, 
provision must be made for handling traffic which is 
switched to points beyond two given toll centers, as 
well as that which terminates at the two centers. "This 
traffic for a given circuit group between two toll centers 
may amount to only a small percentage of the terminat- 
ing traffic and means must be provided for taking care 
of transmission on such business which will not react 
seriously on the cost of providing facilities suitable 
for terminating business. Adequate transmission on 
switched calls may often be provided economically by 
the installation of repeaters? or by setting aside a 
certain proportion of circuits in a given circuit group for 
use in switched business and designing those circuits so 
they will be of a high enough grade to be used for either 
switched or terminating business. The economical 
location of repeater points and determination of the 
proper balance between circuits designed for terminat- 
ing business and those designed for switched business 
can best be decided by a comprehensive study of trans- 
mission conditions for the entire area. 

In making a transmission survey, an analysis of toll 
traffic is prepared covering the whole area for a represen- 
tative month, showing both terminating and switched 
traffic and indicating the present transmission con- 
ditions as compared to the transmission objectives 
which have been established. By dividing the territory 
into natural subdivisions such that the traffic for 
different parts of the territory passes through a 
relatively small number of main switching points, it 
is often found that the analysis at a particular switching 
point will show that transmission improvement of a 
relatively small number of circuit groups will provide 
satisfactory transmission on all business switched 
through that particular point. It is also possible to 
pick out the particular centers where toll transmission 
under present conditions does not meet assumed ob- 
jectives. A transmission study of this kind supple- 
ments the toll fundamental plan and is of assistance in 
the proper routing of toll traffic so as to fit in with 
expected future toll projects. 


There are, of course, many other problems in the 
design of the toll plant relating not only to what might 
be termed transmission design but also methods of 
construction and problems of economics entering into 
the design of the plant. However, the greatest problem, 
as indicated in the earlier part of the paper, probably is 
that brought about by the extremely rapid growth 
taking place in the toll service requirements of the 
Chicago region. 
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Discussion at Pacific Coast Convention 


ADVANCE PLANNING OF THE TELEPHONE TOLL 
PLANT IN LONG-DISTANCE COMMUNICATION! 
(CBAMBERLIN) 

TANDEM SYSTEM OF HANDLING TOLL CALLS IN 
AND ABOUT LOS ANGELES? 

(JACOBSON AND WHEELOCK) 

Det Monte, CAL., SEPTEMBER 14, 1927 

M. R. Sullivan: Speaking as a telephone traffic engineer, I 
should like to endorse what Mr. Chamberlin has said with 
respeet to the traffie features involved in advanee planning of 
telephone toll plants. 

Traffie in the telephone industry takes the form of telephone 
calls or messages and since the plant is provided for the purpose 
of transmitting messages, the traffie features—the volume of 
traffic, the character of the traffic, the routing of the traffic, and 
the manner of handling of the traffic—are of controlling impor- 
tance in the determination of the size and type and arrangement 
of the plant to be provided. 

Mr. Chamberlin has outlined the important function of the 
commercial surveys in forecasting telephone developments with 
respect to growth in the number of telephones and their distri- 
bution by area, and by classes of telephone service. 

Of equal importance are the forecasts of telephone calls per 
telephone. Telephone usage per telephone—particularly toll 
usage—does not remain constant year by year, but varies with 
business activities, and is subject to other influences, so that in 
the advance planning of the telephone toll plant it is necessary to 
give verv careful study to the trend in the usage per telephone. 

During the past few years, and especially during the last one 
or two vears, there has been a marked trend upward in the toll 
usage per telephone. Many influences, no doubt, have played 
a part in this greater usage of the service. A feature of outstand- 
ing importance in this increase in toll usage lies, undoubtedly, in 
the results secured through various improvements which have 
been made in the toll service. For example, transmission within 
the last few years has been materially improved. It is easier 
to earry on intelligible conversation over the circuits, and that, 
of course, has had an effect upon the amount of toll business 
offered. In addition, the speed of handling the calls, and the 
convenience with which the call can be placed, has materially 
improved. 

Up to a vear or so ago, for a long-distance eall, the calling 
party had to give detail of the call to the long-distance operator, 
hang up the receiver, and later be called back when the connec- 
tion was ready, or when a report on the call was obtained. This 
manner of handling a toll call required five or six minutes. 


Today by giving the number desired to the long-distance 
operator, the chances are about nine to ten that the call will be 
completed immediately and without the necessity of even hanging 
up the receiver. The convenience of placing calls and the 
improved speed which this change has brought about has an 
effect in stimulating the number of toll calls offered. 


Another recent change of considerable importance in the 
handling of toll calls is the proportion of calls handled by the 
"exchange operator." When I say exchange operator I refer to 
those completing connections from one telephone to another in 
the same exchange. The easiest way of placing a toll call is for 
the party ealling simply to give the number of the desired call 
to the exchange operator, in the same manner as for a local 
connection. This method also produces the fastest service. 
For many years, large numbers of the toll calls have been handled 
by this method but of recent years there have been developments 
which greatly extended the range to which this most desirable 
of operating methods can be applied. 


1. A. I. E. E. JounNAL, October, 1927, p. 994. 
2. A. ]. E. E. JOURNAL, December, 1927, p. 1415. 


One of the developments is the improved tandem system of 
routing toll calls, which Mr. Wheelock has described. The 
result is that today a very much larger proportion of the toll 
calls is handled by this method. Take the exchange of 
Monterey ; something like 48 per cent of all the toll calls originat- 
ing at this exchange are handled by the exchange operator; 
whereas two or three years ago none of the toll calls was so 
handled. This improved method, therefore, has had application 
not only at the large metropolitan orensnges but also at the small 
exchanges. 


I think it might be said that, like the automobile industry, the 
telephone toll business is constantly producing a bigger and 
better service; and in the advance planning of the toll plant, it is 
necessary to foresee the further improvements which will be 
made in the toll service and the effect these improvements will 
have on the volume of toll business offered and the size of the 
plant required. 


R. C. Barton: Mr. Chamberlin's paper makes clear 
certain high lights of technic of the telephone business, and why 
universal and uniform telephone service is a natural objective. 

As he has pointed out the value of the service to those who 
have it is increased by each addition to the system. Universal 
service, therefore, becomes a strong objective. He has indicated 
that the service must satisfy the party called as well as the calling 
party, so that service from the customer’s viewpoint is demanded, 
and that calls for uniformity and standardization. 


The paper brings out three important and distinctive charac- 
teristics of the telephone plant. One is that there is a very great 
multiplicity of lines and associated apparatus; another, that 
each line must be electrically smooth and stable in its operation; 
and the third, that the character of the telephone plant is con- 
tinuously and rapidly changing. 


In regard to this great multiplicity of lines exclusive use of the 
lines between parties is, to some extent, obviated in the toll- 
plant through the use of phantom circuits and carrier channels; 
however, Mr. Chamberlin’s description of the San Francisco- 
Sacramento toll cable shows that multiplicity of lines is a strong 
characteristic of the telephone plant. This is more pronounced 
in the exchanges where the lines provided in one office district 
may be of the order of 100,000 and the conductor footage of the 
order of hundreds of millions. 


Stability and smoothness are required in the electrical charac- 
teristics of the lines because of the complicated wave pattern 
which must be faithfully transmitted. The effect of rapid change 
may be appreciated by considering the condition produced when 
it becomes necessary to throw all the wires on a 50- or 60-wire 
toll line into cable. 


These distinctive characteristics of the plant and of the 
service are largely responsible for the special engineering, con- 
struction and maintenance practises which are followed in the 
telephone art. One of the practises which receives very special 
emphasis has been made the key-note of Mr. Chamberlin’s 
paper. It touches those activities which have to do with the 
study of the field of operations with respect to potential telephone 
development and the preparation of well matured plans, looking 
far to the future, to serve as a guide in the orderly placing of the 
plant. 


Now the nature of the problem also requires another kind of 
advance preparation which takes the form of engineering, con- 
struction and maintenance handbooks. These are prepared to 
relieve the engineers of much of the work they would have if 
each job were designed from the ground up at the time it was 
being planned. These handbooks also insure the orderly plac- 
ing of the plant in accordance with practises which have received 
nation-wide study and application. 
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It may be of interest to indicate something of the extremes to 
which it is desirable to go in such activities. 

As one illustration, The Pacific System maintains a supply 
catalog which is available to all interested employees, and this 
catalog lists all materials, tools, and apparatus used in the con- 
duct of their work. It is profusely illustrated and comprises 
about 500 letter-size pages. Among the items listed in this 
catalog are the handbooks previously mentioned. There are 75 
of these devoted to the subject of construction methods alone, 
and some 100 supplementary leaflets affecting these. The con- 
struction methods handbooks cover such subjects as pole-line 
placing, underground conduit construction, guying, aerial-cable 
placing, etc. To the subject of aerial-cable placing alone, 120 
handbook pages are devoted. These are well illustrated, and 
this book is typical of the others. Illustrative of the engineering 
handbooks is one on pole-line design. With this book, the 
engineer may quickly and easily determine the class of pole to 
select for any set of conditions, such as service value of the line, 
wire and cable load, temperature, wind and sleet conditions, span 
length, ete. Illustrative of the maintenance handbooks is one 
devoted to pole-line replacement and reinforcement inspection. 
This handbook prescribes the methods to be used in making 
inspections and includes tables of minimum ground-line circum- 
ference below which poles under the various conditions of load, 
service value, etc., are not permitted to go. 

I should like to endorse Mr. Chamberlin’s remarks regarding 
the value of cost-comparison studies in engineering, and the value 
to the student engineer of a fundamental knowledge of the 
procedure in such studies. 

Making cost comparisons is & measurement process in which 
the principal unit is the dollar. One of the great physicists— 
Lord Kelvin, I believe—has written: ‘‘When you can measure 
what you are talking about, you know something about it; and 
when you cannot measure it, when you cannot express it in 
numbers, your knowledge is of a meager and unsatisfactory 
kind.” 

The rules of the mathematics employed when relating the 
various quantities developed in a measuring process require all 
quantities to be expressed in like units. For example, in a 
space measurement, units of length may arise as inches, feet, 
and yards, and require all to be expressed as feet by the applica- 
tion of suitable conversion factors. Likewise, in measurements 
where the dollar is the unit, it is required that before quantities 
of money may be properly compared, they must be operated upon 
by suitable conversion factors which will reduce all expendi- 
tures and investments such as first costs, present values, periodic 
payments, future recoveries, and the like, to & common time 
basis. The laws governing the set-up of the postulates and the 
facts in this sort of problem, and the method of solution, consti- 
tute the fundamentals of cost analysis, and it is these funda- 
mentals which I agree with Mr. Chamberlin should be given 
some prominence during the college course. This is not done 
now. 

Bancroft Gherardi: I was particularly interested in the 
remarks about inductive coordination, for, in the last five or six 
years, I have been the representative of the Bell system, working 
with R. F. Peck, the representative of the National Electric 
Light Association on the Joint Engineering Subcommittee, to 
solve our problems of inductive coordination; and before we had 
gone very far into that work, we came to the conclusion that 
10 per cent of our problem was technical and 90 per cent was to 
bring about between the people on both sides of the question, a 
friendly and cooperative approach to that question. 

It is evident that here, as in other parts of the United States, 
the problem is generally being approached cooperatively, and 
thus we are able to find mutually satisfactory solutions. 

N. B. Hinson: Mr. Gherardi has ealled attention to the 
fact that there are certain classes of work that ean hardly be 
classed as electrical engineering being done by the telephone 
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companies. Mr. Chamberlin in his paper has emphasized this 
fact, and the same thing is true of the power system where there 
are certain elements of planning which are not electrical at all. 

The telephone companies were the pioneers in the making of 
development surveys and population studies which could be 
used in advanced planning. A number of the power companies 
are falling in line with the same idea and finding population sur- 
veys in rapidly growing territory, like southern California, very 
useful, especially where yearly increases as high as 15 and 20 
per cent occur. 

J. E. Heller (communicated after adjournment): Mr. 
Chamberlin has pointed out that the advance planning of 
telephone toll plant requires the coordinated effort of several 
departments, who, in turn, require specialists to solve the prob- 
lems requiring their participation in the project. 

As indicated in the paper, open-wire carrier-current systems 
and cable conductors may be used to provide long-distance 
communication circuits. The use of a given type of facility 
requires the determination of electrical as well as economic 
factors. After making allowance for the transmision losses of 
the trunking and local loop plant used at each terminal, it is 
electrically possible at the present time to talk with various 
facilities over the distances given below: 


Type of Facility Mi 
104 Open-wire............ ccc cece eee ee 5000 
165 Open-wire......... 0... eee eee 6700 
19-Gage 2-wire cable cireuits........... 700 
16-Gage 2-wire cable circuits........... 1200 
19-Gage 4-wire cable circuits........... 1500 


Since a given circuit may be used as a link in a long built-up 
connection, consideration must be given to the number of links 
involved and each link designed so that it may be connected 
to any other link in the system. This requires that individual 
links must be somewhat shorter than indicated previously. The 
overall length for a given grade of transmission will also be 
affected by the amount of transmission loss allowed in the termi- 
nating trunks and loops. Undoubtedly future developments will 
materially extend the length over which it is practicable to talk 
with the present types of conductors. 

Usually several plans are considered when a large addition 
to a plant, such as a toll cable, isindicated. Preliminary studies 
require an approximate electrical design of the circuits for each 
plan together with the cost of providing the facilities for a long 
period of years. The preliminary studies together with other 
basie data as presented by Mr. Chamberlin determine the plan 
to be adopted. After & particular plan has been adopted it is 
necessary to review the electrical design in order to determine 
the loading arrangement of the conductors, the location of 
sepeater stations, and the equipments to be placed at each 
station from year to year. 


Carrier-current systems are being used extensively in the 
provision of additional facilities. The increase in facilities 
possible on a given lead by this means has been indicated in the 
paper. Before a number of systems can be operated on a lead 
it is necessary to rearrange the wires by transposition to reduce 
the interference between systems. The present standard 
arrangement makes use of alternate crossarms. While, in 
general, the costs are such as to make the use of adjacent cross- 
arms for multi-channel earrier-telephone operation undesirable, 
in special cases, the added expense may be justified by other 
considerations. 


The single-channel system developed for use on short hauls 
may be placed on the flat phantom groups of adjacent crossarms 
since the interference between systems of this type is less than 
that between multi-channel systems which occupy a higher 
frequency range. 
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COUPLING CAPACITORS FOR CARRIER-CURRENT 
COMMUNICATION OVER POWER LINES! 
(BELT) 

Det Monte, CAL., SEPTEMBER 14, 1927 

E. R. Stauffacher: Fig. 5 shows the installation of the 
tank-ty pe of coupling capacitors at the Laguna-Bell Substation 
of the Southern California Edison Company. There is a similar 
installation at Big Creek No. 3 which totals four units of eapae- 
itors for the system. In both of the stations the units are 
connected to one of the two 220-kv. busses. This equipment 
has been in service for about a year and has been thoroughly 
satisfactory in its performance. There was some apprehension 
at first as to whether or not it was advisable to connect a new 
and untried piece of equipment to the 220-kv. bus but our experi- 
ence shows that it is as reliable as any other apparatus designed 
for the same operating voltage. You can see that it gives a much 
more finished and workmanlike job than is possible with over- 
head wire coupling. It is of interest to note the statement 
regarding the effectiveness of coupling where the coupling wires 
are credited with a 7 per cent effectiveness of coupling while the 
effectiveness of the coupling capacitors is rated somewhere 
between 80 and 100 per cent. 

The cable coupling capacitor has not been used on our 220-kv. 
line and we have no experience to relate concerning it. How- 
ever, for voltages lying between 66 kv. and 154 kv., it should 
prove to be a means of making an effective and compact coupling. 

Wm. Dubilier (by letter): I should like to point out certain 
facts concerning condensers for high-voltage operations: 

There is no question as to the superiority of mica as a dielec- 
tric in a condenser over any other dielectric at present available. 
It must be remembered that mica is the only dielectric known 
which does not deteriorate with time, under electrostatic 
pressures. 

Mica condensers are so constructed that the potentials are 
subdivided in such a way that individual units carry 1000 volts 
or less; therefore, the high-voltage problems, such as ionization 
in the condenser unit, corona effects and other difficulties that 
may be developed due to impurities of artificial dielectric 
material, as used in cables and porcelain, are not present with 
mica. 

For the purpose of carrier-wave coupling, the mica condenser 
has been standardized in units of 22,000 volts. For higher 
voltages a number of those units are connected in series, elimi- 
nating the use of extremely high-voltage insulators necessary 
with all other types. 


Moreover, this unit construction permits keeping only one or 
two units as spares, requiring considerably less investment, as 
compared to the types where the condenser unit is designed for 
line voltage. 

Conditions in Europe, especially in territories surrounding 
Switzerland, are much more severe than are generally experienced 
in this country, and the electric railroads and power supply 
companies (such, for instance, as the Chemins du fer Du Midi) 
have been experimenting for many years with every known 
insulating material, and have finally adopted mica condensers 
as the most suitable in practically all of their installations operat- 
ing at 60,000 volts. These capacitors have now been operating 
with great satisfaction for several years. 

A earrier-wave coupling condenser developed in this country 
is shown in the accompanying Fig. 1. The four separate units 
are clearly seen mounted on top of each other. Such an instal- 
lation would be suitable for 88,000 volts; for higher voltages units 
might be added, one for each 22,000 volts. 

Fig. 2, herewith, shows an actual installation at the Sunnyside 
Substation, Ohio Power Company, Canton, Ohio, one of the 
properties of the American Gas & Electric Company, installed 
on their 132,000-volt circuit between Canton, Ohio, and Philo, 
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Ohio, March, 1925. This installation consists of two columns, 
six 22,000-volt units in series per phase. 

A number of installations of this nature are at present scattered 
over the eountry, and so far the results have fully justified the 
theoretical considerations which have led to the choice of mica 
condensers in preference to other types. Some of the installa- 


Fic. 1—Mica-ryPE COUPLING CONDENSER 
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Fic. 2—CovPLiNaG CONDENSERS ON 132-Kv. LINE 


Sunnyside Substation, Ohio Power Co., Canton, Ohio, one of the proper- 
ties of the American Gas and Electric Co; installed on their 132,000-volt 
circuit between Canton, Ohio and Philo, Ohio, March 1925. This installa- 
tion consists of two columns, six 22,000-volt units in series per phase. 


tions have been in continuous use for about three years, and_as 
the earrier-wave connecting system is the link which must be as 
nearly trouble-proof as possible, it is interesting to note that the 
majority of the installations have had no trouble whatever, while 
in other cases the trouble has been due to lightning strokes. 
Philip Sporn (by letter): Mr. Belt has touched upon the 
question of the increased use of coupling capacitors as against 
coupling wires and has stressed, as a reason for that, the fact that 


52 DISCUSSION AT PACIFIC COAST CONVENTION 


capacitors have greater effectiveness. I should like to point out 
however, that while effectiveness has undoubtedly a considerable 
amount to do with their increasing use, there is another factor 
which he has failed to point out. This factor has to do with 
lightning and while lightning is perhaps a subject that does not 
give much serious trouble in California, in the east and in the 
mid-west it is a subject that gives us many a sleepless night. 


The work of Peek and others has shown that the ground wire 
is decidedly useful and very often an almost necessary part of a 
transmission line where lightning is much of a factor. The 
klydonograph work carried on by the various companies in the 
last two years has strengthened that viewpoint. However, 
whereas a ground wire is important on the line itself, it becomes 
doubly so at the two terminals of the line where apparatus has 
to be taken care of. Now what has been the practise with regard 
to coupling wires? In places where the line has been designed 
for one or two ground wires, the invariable practise has been to 
take the last four or five spans of the ground wire, insulate it, 
and use it as coupling conductor. From the standpoint of the 
coupling wire, this seemed the logical thing to do, but from the 
standpoint of the line as a whole, it was decidedly the wrong 
thing. The result, of course, was to give a line with a rising 
surge impedance at the two ends and the consequent increment 
in the steepness of any wave front as it approached the station. 
This is the reverse of the ideal aimed for, namely the decreasing 
impedance at the two ends. Viewed in this light, the decision 
between the coupling wires and coupling condensers is not very 
difficult. We have something like 22 carrier installations on our 
132-kv. system and this involves coupling to approximately 
34 different lines practically all of which are made through 
coupling capacitors. In the vast majority of cases the decision 
to go to coupling capacitors was influenced to a considerable 
degree by the considerations outlined above. 


From the data on impulse strength of the various types out- 
lined by Mr. Belt, it would appear that the tank type would be 
the most ideal capacitor. Unfortunately, however, it has the 
drawhack that it is also the most expensive one. Looking for 
the next best, we find that for a given rating, the mica and oil- 
filled eable types have about the same impulse strength but the 
impulse ratios are decidedly different. It would appear there- 
fore that the mica, if it could have 60-cycle flashover value cut 
down without affecting its impulse flashover, might very well 
compete with the cable type. In this respect, however, the 
general characteristics of the mica are not sufficiently well known 
and it would seem decidedly worth while to have more work done 
on the subject, particularly as in the present stage mica, from a 
standpoint of cost, would be decidedly the choice over cable. 
As regards the porcelain-type condenser (a type not discussed 
by Mr. Belt), this condenser utilizes materials that have been 
longest known and tried in the electrical circuit but in the present 
stage of development it certainly does not look as if it is ready 
to go on a system where high standards of safety are demanded. 
More work ought to be done on it. 

T. A. E. Belts Very complete tests at 60 cycles and impulse 
were made in order to check experimentally the electrical strength 
of both the cable-type and tank-type capacitors. Therefore, 
Mr. Stautfacher took little chance in connecting the tank-type 
capacitors directly to the bus at Laguna Bell and Big Creek No. 3. 


Mica is a good dielectric for certain applications, but it has an 
objectionable characteristic which Mr. Dubilier did not bring 
out in his discussion; namely, the property of breaking down on 
steep wave fronts, such as lightning, at a lower value of potential 
than its maximum O0-eyele breakdown. This characteristic 
makes it necessary to over-insulate a coupling condenser, using 
mica for 60 cycles in order to have it stand up in service on a 
transmission line which is subjected to lightning impulse voltages. 
There is no measurable deterioration of an oil dielectric such as 
used in the eable-type and tank-type capacitors. 

In general, American practise has not followed European 
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practise, owing to the fact that operating requirements in this 
country are different from those in Europe and greater reliability 
is required. 

I wish to acknowledge the help given by L. V. Bewley of the 
High-Voltage Bushing Department of the General Electric 
Company in the preparation of this paper. I also wish to state 
that the development of the cable-type coupling capacitor was 
carried out in cooperation with that department. 


A CARRIER-CURRENT PILOT SYSTEM OF 
TRANSMISSION LINE PROTECTION! 
(FITZGERALD) 

DeL Monte, CAL., SEPTEMBER 14, 1927 

E. R. Stauffacher: This novel and effective system of trans- 
mission-line protection offers great promise for lines operating at 
high voltage with a long-distance between stations. 

It was my privilege last March to witness some of the tests of 
this equipment on the Ohio Power Company's system in the 
section of the system located near Zanesville and between 
the substations known as Newmark and Crooksville. This 
carrier-current pilot system of protection was applied to a 
66-kv. line between the ahove stations and the stations were 
separated a distance of 35 mi. The tests were made on a rainy 
Sunday, and fourteen tests in all were made by means of putting 
short circuits within the section protected, and exterior to the 
section protected. The short circuits were phase-to-phase and 
phase-to-ground. There was, with possibly one exception, sue- 
cessful operation in all cases. When the short circuits were 
applied exterior to the section protected, the carrier-current 
system of protection kept this section in service; when the short 
circuit was within the section protected it eliminated this section 
and the short circuit promptly from the system. 

One of the tests was particularly outstanding,—Test No. 6. 
This was a phase-to-phase short circuit between phases 1 and 2, 
was exterior to the section protected, and was rather severe, 
the current from one side of the system being 285 amperes, at 66 
kv., and from another side 1785 amperes at 66 kv. The total 
amounts to a short circuit of about 230,000 kv-a. 


While that is not so great as may be encountered on this svs- 
tem, still it is a sizable short circuit and for that particular 
system was enough to result in a very heavy jolt. It was quite 
interesting to notice the swaying or oscillation of the system for 
several seconds after the short circuit occurred. I believe that 
about 10 swayings were observed, swinging back and forth on 
the ammeter, where thousands of kilowatts were being exchanged 
across the section protected by this earrier-eurrent protective 
system—and this section remained intact and stayed in service. 


That would have been a very severe test for any directional- 
relay form of protection, and I doubt if the lines would have 
stayed in, for the current was sufticiently great to indicate that 
the short circuit was in that particular section, and the direction 
of current flow was from one side to the other. 


The carrier current was apparently fast enough to keep up 
with the swayings back and forth, and the section did not trip 
out. 

In conclusion, as I stated before, it appears to me that this 
system offers great promise. From the observation of the tests 
it looks as if there was something to be desired in regard to speed. 
The author informs me that the speed of operation can be in- 
creased appreciably by the preheating of the filament and con- 
tinuous excitation of the plate. 


In this particular test 50 per cent preheating of the filament 
was used, but the time ean be eut down, by means of 100 
per cent heating of the filament. Here is a case where it is 
necessary to balance the life of the tubes against the necessity for 
extra speed in eliminating trouble from the system. We are 
finding out that the elimination of a fault from the system with- 
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out making the system unstable, is largely dependent upon speed 
and my only suggestion to the manufacturers is that they do all 
they can to speed up operation of this very unique system of 
differential protection. 

Roy Wilkins (by letter): In protection against line faults 
there are two major conditions: 

lst: Where the short-circuit current, either between the phases 
or from phase to ground, is several times the normal load current, 
such as is found in distribution systems in metropolitan areas. 

2nd: Where the short-circuit currents are comparable to, or 
less than, the normal current in the line. Such conditions apply 
to high-voltage transmission lines, particularly with regard to 
current from phase to ground, the case most common in practise. 

The paper by Mr. Fitzgerald presents a method beautifully 
simple for applying differential protection to transmission lines. 
Differential protection has been developed to its highest per- 
fection in England, and a general study of the English methods, 
difficulties and results is valuable to anyone interested in relays. 

I should like to point out from a practical standpoint some of 
the difficulties that will be encountered before the carrier-current 
pilot system can be universally applied to large high-voltage 
networks. Judging from considerable carrier-current experience 
with all available present-day makes on extreme high-voltage 
lines it ean be stated that at present existing relay systems are 
far more reliable than carrier-current installations. 

In view of its extra cost, the carrier-current installation 
to be desirable must give superior performance. Some means 
must be secured to eliminate the phase-relation troubles men- 
tioned in the paper, because the charging current on a 200-mi. 
220-kv. line is often half as great as full-load current, and at low 
or medium loads may be more than the in-phase current at either 
end of the line, depending on operating conditions. 

It is a perfectly practical condition to have more than 45 deg. 
between such currents for normal conditions. Lower-voltage 
networks have relatively little of such troubles. 

Another difficulty is that the current in phase-to-ground short 
circuits greatly varies in power factor, depending upon the 
location and character of the trouble. 

Relays at present in use for ground protection are so connected 
as to trip in a given direction selectively on as low as 4 sec. and 
on the Pacific Gas & Electric system of some 5000 mi. of line, 
60-kv. and above, last year, for over 1500 operations, there was 
no indication of a faulty operation of a ground relay. 

Phase relays depending upon combinations of voltage and cur- 
rent do not present nearly so clean-cut a record. 

Finally, the operating time must come down from the present 
standards,—a very great way down,—as a perusal of several of 
the high-tension papers presented will show. 

Differential protection is one of the most desirable forms 
known, and outside the various split conductors and enclosed 
pilot wires used on low tension, the carrier system is the initial 
attempt to adapt it to high tension. It is to be hoped that it 
can be developed to overcome most, if not all, of its present 
limitations. 


Philip Sporn (by letter): As pointed out by Mr. Fitzgerald, 
the differential method of protection of generator and trans- 
former windings has become almost universal and is the only 
standard and proper method of protecting these important pieces 
of equipment. The use of the differential circuit in protecting 
buses has also come very prominently to the foreground within 
the last four or five years. Abroad, the differential scheme has 
been employed to protect transmission lines but it has never 
found very much favor bere and in the main I believe this 
instinctive engineering act, if you wish to call it that, has been 
fully justified. If a pilot line is made more reliable than the 
transmission line, and it must be that to stand up under con- 
ditions that would cause the breakdown of the transmission line, 
then the cost involved becomes so great that economically it 
becomes prohibitive. If it is not to be built with the same 
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degree of reliability then it is of no use to go to the scheme. The 
use of carrier eliminates the main reason why the pilot scheme 
has not found favor here up till now. 


To those of us who have had actual experience in trying to 
obtain selective action on a loop involving four or five, and 
sometimes six, stations, by the use of reyerse-power and induc- 
tion-type relays only, and who have actually been trying to 
obtain another 10 cycles differential between two stations, and 
have known the disappointment that goes with chasing through 
a set of relay time settings only to find at the very end that there 
is one condition under which the apparently perfect set of 
settings would not work, the idea of getting a method of cutting 
down by one or two, the number of stations that would have to be 
made so to differentiate will certainly be welcome. 

It is hoped that actual operating experience will bear out all 
the fond hopes that we have for this scheme. On this, as well 
as on the question of tests referred to by Mr. Fitzgerald, we may 
have something to place before the Institute within the next 
year or 80. 

One other aspect of the differential scheme of protection that 
ought to be pointed out is the lightning aspect. 

Operating experienee obtained within the last four or five years 
on systems where, under conditions of short circuit or flashover, 
currents in the neighborhood of 3000 to 5000 amperes ean be 
pumped into the point of flashover on & transmission wire, has 
definitely shown that if the trouble is cleared within a certain 
minimum time, little burning, if any, will result. I think it can 
be definitely stated that on systems such as mentioned, if this 
time is kept below 1 to 1% see. no trouble need be anticipated. 
Further, if the time is made as high as 3 V5 sec., trouble is to be 
expected almost always. Now here is an arrangement that in a 
loop system allows the clearing of a case of trouble within a 
period say of !/2to?/3see. The contribution of such a device 
to continuity of service, if it develops satisfactorily, is bound to 
be enormous. 

L. F. Fuller: <A protective gap is placed around the carrier- 
current trap so that surges on the transmission line will not pass 
through the trap but will jump the small gap and pass on. This 
gap is not shown in Figs. 2 and 11 of the paper. 

A. S. Fitzgerald: Mr. Stauffacher has made reference to the 
speed of operation of this form of protective apparatus. In the 
first trial installation of this system no especial effort was 
directed toward attaining any great speed of tripping. We 
concerned ourselves mainly with an investigation of the oper- 
ating characteristics of carrier current in this new field of 
application. 

As Mr. Stauffacher indicates, the speed of tripping of this 
apparatus is not limited to the half-second mentioned in the 
paper, where reference was made to a circuit in which the over- 
current relays, which initiate the operation of the carrier-current 
equipment, were connected so as to control the filament voltage. 

Substantial reduction in time can be obtained if, instead, 
we connect these relays so that they complete the plate-voltage 
circuit instead of the filament supply. This is now being done 
in the ease of the equipment which the paper describes. The 
filaments are run continuously, but since the plate voltage is 
not normally applied to the tube, no emission can take place 
exeept when the proteetive equipment is aetually brought into 
operation. The life of the tubes, of course, depends largely 
upon the length of time during which there is emission from the 
filaments. 

Mr. Wilkins restriets his remarks to the conditions which 
are eneountered when this system is applied to very high-voltage 
lines. [t is assumed that he has prineipally in mind systems 
operating at 220 kv. 


Mr. Wilkins entertains some doubt as to the reliability of 
earrier-eurrent equipment. The number of carrier-eurrent 
communication installations now in service in the United States 
on systems up to 132 kv. must exceed 200, and this figure surely 
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suggests that a high order of reliability has been attained. The 
amount of carrier-current equipment at present installed on 
220-kv. lines does not seem sufficient for final conclusions to be 
drawn as to the results which can be obtained at this voltage. 
Mr. Wilkins will also appreciate that the function which the 
carrier current is called upon to perform, is, in the present 
application, very much simpler than that necessary in the case 
of earrier-eurrent telephony. There is no question of calling, 
nor are there any problems of modulation. Furthermore, the 
transmission of earrier is restricted to the simplest ease of a 
single length of line instead of having to earry right aeross & 
eomplieated network. 

The author finds himself in agreement with Mr. Wilkins when 
he points out that the application of carrier-current protection 
to 220-kv. circuits will involve the consideration of conditions not 
met with at lower pressures, and especially in respect to his 
remarks on the advantages of ground relays in comparison with 
phase relays. It is not unlikely that the ultimate solution will 
be found in a earrier-eurrent system envisaging ground faults 
principally, if not exclusively. 

The question of current-phase relation is, perhaps, rather 
too involved to discuss through the present medium but it may 
be pointed out that the curve given in Fig. 10 is the re- 
sult of speeifie design based upon an estimate of the probable 
general condition. It is possible to furnish different character- 
isties if eireumstanees should require them. 

The author shares with Mr. Sporn the hope that this system 
may ultimately prove to be a real help in the operation of large 
power systems. 


SYNCHRONOUS CONDENSERS! 
(ALGER) 
Det Monre, CaL., SEPTEMBER 15, 1927 

R. H. Parks Usually, synchronous condensers are purchased 
for power factor correction and voltage regulation. It is some- 
times desirable, however, to purchase additional condenser 
capacity in order to secure greater stability either in steady opera- 
tion, or during transient periods of instability, such as are 
occasioned by short circuits and sudden load changes. 

The ability of a condenser to improve stability under steady 
conditions depends upon the values of its synchronous and tran- 
sient reactances, although the relative importance of these two 
has not yet been convincingly established. It also depends upon 
the type of voltage regulator employed and on the speed of re- 
sponse of its exciter. 

On the other hand, the ability of a eondenser to improve 
stability during system transients occasioned by short circuits 
is determined largely by the amount of leading current which the 
condenser can supply to the system, and thus by the transient 
reactance and the speed with which the excitation system can 
vary the condenser field voltage over a wide range. If in- 
sufficient range of exciter voltage is available, the advantage 
derived by effecting the available voltage change quickly will 
be slight. 

Thus, where stability considerations are important, it may be 
desirable to provide an exciter of considerably greater voltage 
range than for normal application. Also, it may be desirable 
to use special condensers designed for low transient reactance. 
I should like to ask Mr. Alger, therefore, which is economically 
more desirable, to secure low transient reactance by a special 
design of condenser, or by using a standard condenser of larger 
size. 

M. W. Smiths Mr. Alger has brought out some interesting 
and practical considerations in the design and operation of 
svnehronous condensers. <A timely plea has also been made for 
standardization of requirements and characteristics which affect 
design proportions. Standardization is, of course, desirable in 
all classes of apparatus, but for obvious reasons, synehronous 
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eondensers probably offer more possibilities in this respect than 
any other large rotating apparatus. Considerable movement in 
this direction ean be made without impairing the quality of 
the apparatus, and whieh will result in benefits to both the 
operating companies and the manufacturers. 

Past experience has usually shown that. the variable having 
most effect on synehronous-eondenser design proportions, is the 
ratio of lagging to leading kv-a. capacity. Mr. Alger has pro- 
posed several methods for obtaining increased lagging kv-a. 
eapaeitv from machines of standard proportions. All of these 
methods may be applied in special eases, but the use of suitable 
reaetors is about the only method proposed that ean be offered 
as a general application. It seems doubtful if even this method 
ean be applied economically in most cases. It has been noted 
that where large percentages of lagging kv-a. capacity are 
specified, machines of special and abnormal proportions have 
usually been supplied after all conditions were considered. This 
results in units which are comparatively expensive and inefficient. 
Every effort should, therefore, be made to keep the requirement 
for lagging capacity down as close to 50 per cent of the leading 
kv-a. capacity as possible. This consideration should be kept 
in mind in the operation and layout of power system as far as 
economie considerations will permit. 

P. L. Alders Answering Mr. Park's inquiry, I believe that 
the most economical way to secure abnormally low transient 
reactance in a synchronous condenser is to use an oversized 
machine with & standard field, but a special armature. "The 
per cent reactance is nearly the same for all standard machines, 
so that by merely using the next larger standard rating, a pro- 
portional decrease in reactance is secured. However, this 
larger machine will have more armature copper and larger slots, 
than are necessary for the new rating, and so a further reduction 
in the per cent transient reactanee can be secured by using a 
special armature winding with shallower slots. The saving in 
cost of copper and insulation here will more than offset the cost 
of the special features. By these means, the transient reactance 
ean he reduced about 10 per cent faster than the corresponding 
standard rating is increased. By using field poles, shorter and 
narrower than standard, additional gains could be made, but at 
greater expense, and with a greater loss of efficiency. 


STATIC STABILITY LIMITS AND THE INTERMEDIATE 
CONDENSER STATION! 
(EVANS AND WAGNER) 
DeL Monte, CAL., SEPTEMBER 15, 1927 

F. E. Terman: An illustration that indifates the thorough- 
ness of the authors of this paper is their discovery of the fallacy 
of the classical belief that the maximum angle of stable operation 
of a network is the angle of maximum power of transmission. 
In reality the angle is a little greater, permitting stable operation 
slightly beyond the point of maximum power. The difference 
between the old and the correct belief is not great, but its dis- 
covery was a real achievement. 

One of the most uncertain factors in stability computations is 
the characteristic of the load under change of voltage. Some 
investigators have assumed a load that drew constant power and 
reactive power as the load voltage changed (approximated by a 
motor load), while others have assumed that the load was such 
as to maintain the load voltage constant at all times (equivalent 
to assuming a receiving svnehronous condenser of infinite 
capacity.) The former assumption gives computed results 
worse than are actually to be expected, and the latter leads to an 
optimistie result, considerably better than ean be realized in 
practise. The actual load is one that allows the voltage to drop 
during disturbances, and as the voltage drops, the power demands 
of the load become less, and the power factor of the load improves. 
The power does not drop as fast as it would with a load consisting 
of an admittance of constant value, so that the admittance-load 
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characteristic used by the authors is a correct assumption only 
in so far as the improvement of the power factor of the actual 
load ean be considered as off-setting the less favorable power 
characteristic of the real load. When the voltage fluctuation is 
small it is likely that a constant-admittance load would give 
about the same result as a practical load, but for large fluctua- 
tions, as 25 per cent, this almost certainly would not be the case. 

Actually, we don’t know much regarding the reactive and real 
power drawn by the load when the voltage is suddenly changed. 
I should like to see some of the power people make tests, such as 
dropping the voltage at a distributing center first by 5 per cent, 
then 10 per cent, and so on, noting the change of power and power 
factor caused by each drop. Such information would be in- 
valuable for stability studies, and could be obtained without 
creating an appreciable disturbance to service. At present 
we can get correct results for the conditions assumed, but we 
have very little idea how correct our assumptions are. 

In applving the results of the paper to present transmission 
practise several points must be kept in mind. The results pre- 
sented in Fig. 21, giving the effect of a midpoint condenser on 
the power limits neglect charging current, which is an important 
factor on lines over 200 mi. in length. In interpreting this figure, 
one must also remember that it is only the lower curves that apply 
to ordinary conditions. This is because the ratio of voltage at 
the midpoint of the line to the internal voltage of the generator 
(not terminal voltage) is normally less than unity. Boosting 
the midpoint voltage abnormally high hy the use of a condenser 
is in effect increasing the average transmission voltage and this 
will obviously raise the power limit. The intermediate condenser 
when used to make the midpoint voltage higher than the terminal 
voltages will give the large increase in power limit shown by Fig. 
21 in the upper curves, but this is gained at the expense of a 
poor voltage distribution along the line, and in a large measure 
could be obtained by the alternative method of omitting the 
condenser and raising the terminal voltages a little, thus keeping 
a flat voltage distribution. Such a flat distribution would not 
put as high a voltage on the midpoint of the line as would be 
present when the synehronous eondensers were used. 

Figs. 22 and 23 have been computed for an actual transmission 
line that has charging eurrent, and indieate that a large inter- 
mediate eondenser is required to raise the stability limit very 
much. An ordinary condenser has around 100 per cent syn- 
ehronous reactance (7. e., sustained short-circuit current equals 
full-load current). On the basis of this. the curve marked 100 
per cent reactance represents an installed capacity of 100.000 
kv-a. and the 25 per cent reactance curve represents 400,000- 
kv-a. installed capacity. An inspection of Figs. 22 and 23 
indicates that an intermediate condenser in the order of hundreds 
of thousands of kv-a. is required to give large increases in the 
power that ean be transmitted over the line. 

Even with the use of large condensers, the gains that could be 
expected on an actual trans rission system would be much less 
than indicated in Figs. 22 and 23 because these figures are based 
on the assumption of infinite-capacity bus at the receiver. An 
infinite bus is one which will keep its voltage absolutely constant 
during all kinds of system troubles, and no actual bus comes 
anywhere near being an infinite bus. Dr. Bush and Mr. Booth? 
made some computations which showed that condenser equip- 
ment giving about 40 per cent inerease in limit under the assump- 
tion of infinite bus at the receiver, would give less than half 
of this gain in power limit with a finite bus approaching ordinary 
eharaeteristies. There is a large difference between the actual 
finite bus and the theoretical infinite bus of the curves. 

To sum up the situation, it is evident that this paper indicates 
that the increase of power limit that can be obtained hy the use 
of intermediate synchronous condensers of usual characteristics 
is small unless the intermediate condenser has a capacity of at 
least 100,000 kv-a. and preferably two to four times this amount. 
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Using standard condensers of 400,000 kv-a. capacity the increase 
in power limits with a finite receiver bus would probably be less 
than 40 per cent. 

This is a discouragingly small gain for the price it costs. It 
seems that in all probability the next step lies in the development 
of low-impedance condensers used in conjunction with quick- 
excitation systems. <A 100,000-kv-a. condenser having 10 per 
cent leakage reactance with an instantaneously acting exciting 
system would give the same increase of limits as a 1,000,000-kv-a. 
condenser of present standard type with the usual excitation 
speed. Such a condenser at the midpoint, with another at the 
receiving bus, would do wonders toward increasing the power 
limit of a transmission system. A condenser of this type at the 
receiver would give the practical equivalent of an infinite bus, 
and one at the midpoint would be substantially equivalent to a 
condenser of zero reactance. Fig. 23 shows that the gains would 
be very substantial. 

R. D. Evans: With reference to Dr. Terman’s discussion 
regarding the maximum angle for which systems are stable we 
did not wish to emphasize the point unduly because for commer- 
cial systems the increase is not very marked. However, when 
several synchronous machines are being considered it is very 
important to have the right type of limit. In this connection 


-it may be observed that the maximum delivered power will in 


general occur for an angle less than the maximum stable angle; 
so that for practical calculations of power systems, the methods 
commonly in use are, according to our views, correct. 

With respect to the discussion on the characteristics of the 
loads, we feel considerably more optimistic than Dr. Terman. 
We have made tests on our shop system in order to determine the 
variation of real power and reactive power for changes in the 
supply voltage and have found that the methods described in 
the paper apply. Also we have taken a number of power- 
company systems and segregated the load into relatively small 
units and studied their characteristics. We have found their 
variation of real power and reactive power with respect to voltage 
and combined them, and obtained the results described in Figs. 6 
and 7. Finally, we have taken a static load, one of constant 
impedance, and analyzed it from a theoretical standpoint, eon- 
sidering the variation in real power and reactive power, with 
angle and voltage as worked out in Appendix II of the paper. 
For these conditions also the check was very good. Of course 
all who are interested in the theoretical ealeulations would wel- 
come any kind of test which would give the fundamental experi- 
mental data on this subject. 


With respeet to the eurves showing the inerease in power, I 
wish to emphasize the point, that the eurves have been plotted 
on a conservative basis. For example, the condensers were not 
located at the theoretically most advantageous point, but were 
placed at the middle of the line regardless of the effect of the 
terminal equipment. The curves for 220 kv. and 110 kv., 
plotted in Figs. 15 and 18, are based on constant voltage on the 
high-voltage side, and no attempt was made to take advantage of 
any over-voltage. 

There is another phase of this problem with respect to the 
statie limits, which is important. The method and ealeulations 
as presented apply directly only to the limits that obtain with 
fixed excitation of the machines. It has been demonstrated 
that quick-response excitation systems under the control of 
suitable regulators will increase the loads which can be carried. 
This was first pointed out by E. B. Shand and first experimentally 
verified during 1925 by the authors of the present paper. We 
wish to make it clear that we have not ineluded in the figures 
given in this paper any advantage which will acerue as a result of 
quick-response excitation systems. 


P. L. Alger: There are two points in this paper that I wish to 
discuss. In the first place, the authors have concluded that 
under certain conditions, stability of a transmission line ean be 
maintained beyond the impedance angle, and the exact limiting 
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angle up to which stability can be maintained, depends upon the 
relative inertias of the sending and receiving-end machines. 

This conclusion seems to be unreasonable, as the static stability 
limit is reached when the machines pull out of step so slowly that 
inertia effects should be negligible. What the authors have 
shown is that when the angle of maximum power is reached, 
and passed, the motor begins to slow down, the line current 
increases, and the generator also slows down until such time as 
the governor of the generator prime mover operates. If the 
generator inertia is sufficiently small, it will obviously retard 
faster than the motor, and the two ends of the line will stay in 
step at first. On the ninth page, the authors say—*‘The system 
as a whole will retard, reducing the frequency, but this will be 
taken care of by the automatic governors.” 

The fallacy in saying that the machines are stable beyond the 
angle of maximum power, lies in the assumption that the governor 
is able to reaccelerate the motor after it once has begun to slow 
down. What actually happens is that the motor and generator 
retard together until they have acquired an appreciably lower 
velocity than normal, and then the governor feeds more power 
to the prime mover, and the system breaks apart, The ad- 
ditional power reaccelerates the generator, and supplies ad- 
ditional power to the line, but this extra power is dissipated in 
extra copper losses, and the actual power received by the motor 
decreases. As the motor will not reaccelerate until it receives 
more than the power it had when it went out of step, and as it is 
impossible for the line to deliver more than the amount of power 
it did when the motor began to slow down, the motor can never 
be restored to speed, and so the system is unstable. 

Thus, the authors have shown that when a system becomes 
unstable, the sending and receiving ends may stay in step while 
retarding up to the time the governor operates, instead of falling 
out of step immediately, as might have been thought. This 
conclusion is interesting, but is of no practical importance. 

The second point that I should like to bring out is the matter 
of the additional condenser capacity required in order to secure a 
given additional amount of power over a transmission line. 
This ratio of additional kv-a. of installed condenser capacity to 
additional kw. output obtainable is the fundamental factor that 
determines whether the scheme of an intermediate condenser 
station is or is not of practical economic importance. 

Fig. 21 of the paper presents curves showing the additional 
percentage output obtainable by using intermediate condensers, 
assuming a transmission line without resistance and without 
charging current. On this ideal basis they show that about 50 
per cent additional kw. can be sent over a line by this means, 


on the basis of the reasonable values of Er = 0.9, and 
A 
Z 
z- — 0.6. From equation (42), and the other data given, 
L 


I calculate that this result is obtained by adding 200 per cent of 
the original line capacity in condensers. Or, in order to obtain 
each kilowatt of additional line capacity, it is necessary to add 
4 kw. of condenser capacity. Under the different assumptions 
used in Fig. 22, approximately the same ratio is shown. Here, 
the authors have assumed no line losses, an infinite bus at the 
receiver, a very low generator reactance, and they have not 
stated clearly how they allowed for the important effeets of the 
line charging currents. 


Thus, the results of the paper indicate that under practical 
conditions it will be necessary to install much more than four 
times as much condenser capacity as there is obtained additional 
line capacity; and so it does not appear that the scheme of the 
intermediate condenser station is of great economie value at the 
present time. 

In spite of my feelings that the results they have obtained are 
not of immediate practical importance, I feel that the authors 
have performed a great deal of useful work in their study of 
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this important problem, and that their paper will be of great value 
as a basis for further study. 

R. D. Evans: The question of the limiting stable angle is 
quite involved. The criterion selected was that the system be 
foreibly displaced slightly from the normal condition for which 
the mathematical solution of the voltage, power and circuit 
conditions were satisfied. In order to determine whether or 
not the system pulls out at that point one must consider the 
transient and on account of the inertia and electrical loads one 
end tends to move more rapidly than the other. "The possibility 
eoneerning which Mr. Alger is doubtful, (if I understand him 
correctly), is the fact that if the angle is increased slightly the 
machine that is leading may tend to slow down more rapidly, 
and therefore to stay in step. 

Concerning the question as to the effect of the governor, 
it is necessary only to point out that when the angle is decreased, 
more power can be transmitted. 

With respect to the second point brought out by Mr. Alger, 
the amount of condenser kv-a. that has to be added to a system 
to increase the amount of power which can be transmitted, I do 
not know the exact basis used for his computations. If one 
considers the case of a system operating close to the static limit 
without a condenser and the ratio of the increase in reactive 
power to the increase in real power and then compares the 
corresponding conditions with a condenser operating near the 
static limit, it is true that one will obtain a relatively large 
increase of reactive kv-a. for each kilowatt increase. 

The practical condition, however, is this: the system will be 
operated appreciably below static limit and under these con- 
ditions the increase in condenser capacity for each kilowatt of 
increased power which can be transmitted is not nearly so large 
as indicated by Mr. Alger. Furthermore, the total magnetizing 
kv-a. required by the system is actually less when supplied by 
machines which are distributed than when all condensers are at 
the receiving end. If the means for supplying reactive kv-a. 
are distributed an increase in the power limit is secured. So. for 
the practical conditions one can increase the power transmitted 
and also increase the margin of stability and thus arrive at the 
best compromise as to the increase of condenser capacity on the 
system and the amount of power to be transmitted, and in no 
event will one closely approach the statie limits. 

R. W. Mackey (communicated after adjournment): The 
paper by Messrs. Wagner and Evans covers the cases of the statie 
stability limits of straight-line transmission with one or two 
intermediate condenser stations, but where the svstem is more 
complicated or in the form of a network with condenser stations 
distributed on the network the mathematical method becomes 
eumbersome and practically impossible of solution. 

The ease I have in mind is the 220-kv. interconnection now 
being carried out in the east between the Philadelphia Electrice 
Company, The Pennsylvania Power & Light Company and the 
Publie Service Gas & Electrie Company of New Jersey. 

During the last four months we have developed the mechanical 
model demonstrated by Mr. Evans for application to the quanti- 
tative solution of such complicated systems. 

In the above ease we were more concerned with the transient 
stability under short circuit and worst switching conditions than 
anything else but our solution also gave information as to static 
conditions. 


I should like to elaborate on the methods used but this whole 
investigation is being prepared in the form of a paper to be 
presented by Messrs. Bergvall and Robinson. 


At this time I mention this as it may be of interest for members 
to know that we are tackling the more complicated systems and 
expect to obtain great help from the analogous synchronous 
mechanical system. 

C. F. Wagner: Dr. Terman’s remarks regarding the increase 
in power occasioned by the use of an intermediate condenser 
station are substantially correct and in accord with our point of 
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view. We concur with his remarks regarding the desirability of 
low-reactance condensers and quick-response excitation. In 
interpreting the curves showing the improvement on actual power 
systems, several facts must be born in mind. These results show 
the static limit of lines in which the amount of copper was 
dictated by loads considerably below the static limit, that is, 
for loads determined by the transient limit. If the statie limit 
were determining, larger conductors would have been chosen for 
the line without condensers and still larger conductors for the 
line with eondensers. A comparison under these conditions, 
paying due regard to the increased financial burden occasioned 
by larger conductors, would have been much more favorable 
for the intermediate condenser. 

Mr. Alger questions our ideas regarding the limiting angle and 
states that our conclusions seem unreasonable to him. He 
cannot agree that the inertia has anything at all to do with the 
maximum angle at which the system can operate. Perhaps a 
discussion of a simple system consisting of a synchronous genera- 
tor and synchronous motor with a connecting impedance in which 
the resistance is equal to the combined reactance of the line 
and machines, may clear this point. For the first case let 
the inertia of the generator be extremely large and the inertia 
of the motor, small. This corresponds to a small motor con- 
nected to a large system through an impedance. It is evident 
then that no action of the motor will be reflected in the main 
system. The power input into the motor will then increase until 
the angle reaches 45 deg., beyond which it will decrease. The 
limiting angle in this case is equal to the impedance angle. This 
is the more familiar arrangement and one from which the idea 
that the angle could not exceed the impedance angle was prob- 
ably derived, but conclusions drawn from this illustration cannot 
be applied indiscriminately to other cases. Consider now that 
this synchronous motor is acting as a generator and is feeding 
power into the large system through such an impedance. Again, 
any phenomena in the generator will have an inappreciable 
effect upon the large system, whether it be voltage change or 
change in phase position of the rotors. With increasing angle 
the power input into the system will increase until an angle of 
45 deg. is reached, beyond which the power will decrease. But 
what occurs to the output of the generator? This increases 
eontinuously even beyond 45 deg., reaching à maximum at 135 
deg. While the input into the system decreases beyond 45 deg. 
the increase in copper loss is more than enough to overcome the 
decrease in system input. Now the generator responds, not to 
input into the system, but to its output. The system will be 
stable up to an angle at which an increase in angle no longer 
produces an increase in output, which in this ease is 135 deg. 


It is hoped that this discussion will make more lucid our 
conception of what occurs when the limiting angle is reached. 
While this discussion considered only limiting cases in which the 
inertia of one of the machines was extremely large it should 
be clear that for machines with more nearly equal inertias the 
difference in operation is one of degree only. These ideas have 
been verified by shop tests in which, citing from random, we have 
been able to obtain angles as large as 140 deg. No particular 
effort has been made to obtain larger angles. 


I am at a loss to understand Mr. Alger's criticism of Fig. 22, 
when he states that no line losses were included in the calcula- 
tions and we had not clearly stated how we had ''allowed for the 
important effects of the line charging currents." The develop- 
ment of the formulas presented in the paper were premised on the 
most general type of circuit including both lumped and dis- 
tributed constants. The general form of the equations are given 
in equations (1) and particular reference was made to distributed 
constants in the paragraph preceding equations (3). Mr. Alger’s 
remarks regarding the efficacy of condensers should be tempered 
hy the same considerations mentioned in the discussion of Dr. 
Terman and ourreply. Wedo not agree with Mr. Alger that the 
scheme of the intermediate condenser station is not of great 
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economic value at the present time, but on the contrary see 
wonderful possibility in its utility for the transmission of large 
blocks of power over great distances. 


FOR 220-KV. SYSTEMS! 
(JOLLYMAN) 
DeL Monte, CAL., SEPTEMBER 15, 1927 

Harold Michener: Mr. Jollyman speaks of the dirt and the 
salt accumulation on insulators. Our experiences indicate that 
the only way to maintain satisfactory service is to clean the 
insulators as frequently as necessary, that frequency being 
determined by a study of local conditions. 

R. J. C. Wood: An insulator string is most likely to fail 
when wet by a fog. At this time the distribution of voltage is 
undoubtedly determined by leakage currents rather than by the 
condenser effect of the unit. 

That, I believe, is entirely true where there is not much 
lightning trouble; but the effect of grading a string is to increase 
the lightning flashover value. 

This grading should be more valuable to those building lines 
in the East and mountainous parts, where lightning is more 
frequent than it is here. 


EQUIPMENT 


HIGH VOLTAGE OIL CIRCUIT BREAKERS FOR 
TRANSMISSION LINES? 
(WILKINS AND CRELLIN) 
DeL Monte, CAL., SEPTEMBER 16, 1927 

J. D. Hilliard: In this paper the importance of high-speed 
switching in increasing the stability of the transmission network 
is emphasized, and the conclusion is drawn that the oil circuit 
breaker is the only piece of dependable apparatus at present 
obtainable, or likely to be obtainable in the near future which can 
be used for this work. 

To this conclusion I think no exception will be taken by those 
familiar with the operation of interrupting devices for electric 
circuits, including the so-called vacuum switch. 

For years it has been recognized that speed was one of the chief 
factors in the construction of an efficient oil circuit breaker, but 
it was also recognized that the oil breaker must be of sturdy 
construction. By speed I mean the total time elapsing between 
the beginning of the short circuit and the complete interruption 
of the current. 

The fact that one breaker may have a shorter arcing period 
than another may be of small moment so far as system stability 
is concerned, if the total interrupting period of the two breakers 
is practically identical, and when test data are given both the 
total short-circuit duration and arcing duration should be given, 
if a logical comparison is to be made. 

Whether a shorter arcing duration is favorable to one breaker 
as compared to another breaker will depend on the speed of 
break (per break unit) of the two breakers, and the number of 
breaks in series; in other words, it will depend upon the total 
quantity of gas generated in the two breakers. 


Tests with plain-break contacts, operating under identical 
conditions, have shown that the two-break breaker is quite 
likely to generate less gas than 6, 8 or 10 breaks in series. Itisa 
fact as the authors have pointed out, that a current-limiting 
resistance in series with the arc, greatly reduces the severity of the 
are. This coupled with the light weight and high speed of the 
moving parts explains the superior action of small potential 
fuses where the current flow is limited by resistors. When, 
however, an attempt is made to apply the same kind of a device 
to an oil circuit breaker where the resistance must be shunted in 
circuit when the breaker operates, it is found that many difficul- 
ties arise, not the least important of which is keeping down the 
eost of the breaker equipment. 


1. <A. I. E. E. JounNaAL, September, 1927, p. 877. 
2. A. I. E. E. JounNAL, December, 1927, p. 1340. 
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The authors have given the speed of & General Electrie Com- 
pany FHKO-36-33 C, 115-kv. oil circuit breaker as 5.5 ft. 
per see. maximum at 300 amperes charging eurrent. "The inter- 
rupting capacity of this breaker for two O-C-O duty cycles is 
3750 amperes at 115,000 volts, and since the speed of operation 
of this breaker is & constant of about 5 ft. per sec. at no load, plus 
& variable dependent upon the load interrupted, the figures 
given, although correct for the quoted load, are not half their 
real value when the breaker is interrupting its rated interrupting 
eapacity. 

Moreover, one can expect a longer are when interrupting a 
small eharging eurrent than that obtained when interrupting 
the full interrupting capacity of the breaker, so that taking both 
these factors into consideration, one would expect the full-rating 
are duration would be less than half as long as the charging- 
eurrent arcing duration. 

It is also a fact that the speed of operation of the explosion- 
chamber breaker is a maximum shortly after the end of the 
eontaet rod clears the throat bushing,—that is, the speed is & 
maximum at the time of the long arc, and this means the smallest 
quantity of gas during that period. "This should be compared 
with the breakers having the maximum spring tension and maxi- 
mum speed during the early stages of arcing when the gas 
generated per unit of are length is small. In one case we have a 
maximum speed decreasing to & minimum; in the other case we 
. have a minimum speed increasing to a maximum. 

The quantity of gas generated at eonstant speed of contacts for 
a given are duration varies approximately as the square of the 
speed, because the arc likewise varies directly as the speed. 

When the above facts are considered, it is easily seen why the 
explosion-chamber breaker produces such a small quantity of gas, 
and why it has such a high interrupting capacity. 

It is not clear to the writer why high speed of separation is 
necessary when interrupting line charging current or load currents 
of small magnitude, because under these conditions the line 
should be fairly stable. 

For heavy short circuits, however, high speed would be 
advantageous, and it is under these conditions that the explosion- 
chamber breaker is at its best, and its strong construction enables 
it to stand repeated interruptions without damage. ` 

The Canton tests were 26 and 30 consecutive operations on the 
two breakers, without examination of the oil or contacts, and 
both were in first-class condition at the end of the tests and 
could, undoubtedly, have duplicated the performance and still 
have been in good operating conditions. It is probable that 
100 such operations would still have found them able to carry 
their rated load and interrupt their full rated interrupting 
capacity. 

It is to be expected that the earlier explosion-chamber 
breakers would not be developed to the degree found in the 
modern breakers, that the years of operating experience would 
result in breaker improvements, that better constructional 
methods, better materials and better workmanship would be 
built into the later breakers just as there have been improvements 
in the automobile in the same period. 

It is unfortunate that the various eurves mentioned in Messrs. 
Wilkins and Crellin's article are not available at this time, and, 
therefore, no comparison can be made on the time of relay action, 
breaker trip, and breaker interruption of circuit. 


In the article no mention is made of tank pressures asa function 
of speed of interruption, and but little has been said eoncerning 
voltage rises due to the same cause. 


Fairly high impact pressures must be expected in the oil 
when high-speed interruption takes place, although at the time 
there may be no evidence of pressure in the air space above the 


oil. This high impact pressure is due to the substantial in- 
eompressibility of the oil, the mass of the oil and the instanta- 
neous generation of a gas in fairly large volume. It acts, of 
eourse, to stress the tank and unless the seams are well made, 
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may result in their being opened up, whereas with a slower 
operating breaker the stresses may be considerably less. 

The voltage rise, from substantially instantaneous interrup- 
tion, is likely to be a real problem, and in such apparatus ex- 
eessive voltages have been observed during tests, and the steep 
wave front makes it impossible to obtain an oscillographic 
record with the ordinary oscillographic apparatus. 

Peak records can, of course, be obtained by a surge recorder, or 
by the cathode ray oscillograph, and such records have shown 
surges considerably in excess of any mentioned by the authors. 
It is not impossible that under special conditions, voltage surges 
of 25 times the applied volts may be observed. 

The authors mention the fairly high power factor in a short 
eireuit to ground. This is, of course, due to the ground resistance 
and was to have been expected. It also largely accounts for the 
fairly easy condition for ground interruption on a system having 
a grounded neutral. The fundamental requirements, as laid 
down by the authors, are not so impossible of achievement by 
the high-voltage oil circuit breaker as would appear at first 
glance, and with the exception of (1) i. e., O-C-O cycle of opera- 
tion = 0.2 second, can I believe be approximated if there is a 
deniand for such & breaker and the purchaser is willing to pay 
the price of development. 

The testing of oil circuit breakers by the manufacturer and 
user is of great importance, and the General Electric Company's 
engineers are not only making such tests daily at the factory, 
but have taken every opportunity to make tests upon operating 
systems. 

The General Electrie Company strongly recommends the 
publieation of full detail information on such system tests. 
Such information will be of incalculable value to transmission 
companies and manufacturers of oil circuit breakers, and will 
act to largely dispel the skepticism concerning circuit-breaker 
operation and rating which now exists. The factory tests are 
considered of so great importance that a new testing generator 
has been constructed and will have been given preliminary 
tests by September 10th, 1927. 

This generator is the largest testing generator ever constructed, 
and is expected to give a short-circuit kv-a. of nearly 600,000. 
Space has been provided for additional generators of the same 
or larger capacity, and it is expected that if connected to the 
Mohawk-Hudson system ultimately a short circuit capacity of 
considerably in excess of 1,000,000 kv-a. will be available at 
both low and high voltages. 


The testing installation has been made very complete, and 
comprises both resistors and reactors for current limitation, 
bomb-proofs in which to test the breakers, a separate oscillo- 
graph and assembly building and ample grounds surrounding 
the test plant, so that the test men and observers may be ata 
safe distance from the breakers tested to destruction, and every 
breaker which can be stressed to that extent will be so tested. 
The testing equipment will, of course, be as complete as it can 
be made, and instruments are provided for measuring all factors 
affecting the interrupting capacity of the breakers that it is 
possible to measure. 

In the thousands of tests made with our factory testing genera- 
tor during the past six years, we have observed phenomena far 
more severe than any ever recorded by us on tests made upon 
transmission systems. We have observed arc lengths in excess 
of the charging-current are lengths observed by the authors; 
and it is my opinion that our testing conditions are more severe 
than obtained on any transmission system in existence today, 
if we except the operation of a transmission system at the instant 
of a lightning stroke. 

These observed test values are used in the design of new 
breakers, and it is these observations which determine the 
physical dimensions of our breakers. It is because of our 
observations that the break distances of General Electric breakers 
are made consistently greater than those of any other manu- 
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facturer; and although we realize that it may be a rare occurrence | 


for an are to be drawn the full break distance, it is also realized 
that a sustained arc in an oil circuit breaker is a serious thing and 
may result in the destruction of the breaker, and must be guarded 
against at any cost. 

The authors state that the manufacturers positively ‘‘refuse to 
give a guarantee on performance." I think that a consideration 
of the facts will show that statement is not exactly correct. 
While the General Electric Company does not guarantee their 
breaker rating, they do stand back of their breakers and will 
continue to do so. 

At a joint meeting of the Oil Circuit Breaker Section of the 
Power Club and the Oil Circuit Breaker Subcommittee of the 
N. E. L. A. & year ago, all of those present were unanimously 
agreed that a manufacturer could not guarantee interrupting 
capacities of oil circuit breakers, because the interrupting 
capacity at any given instant depended on system, maintenance 
and operating conditions which were entirely beyond the control 
of the manufacturer. 

The Oil Circuit Breaker Bubeoniictog of the N. E. L. A., 
therefore, unanimously agreed that three alternative glaube: 
be recommended to the manufacturers, but expressing a prefer- 
ence for the following clause: 

“Because system, maintenance, and operating conditions are 
beyond the control of the manufacturer, interrupting capacities 
of oil circuit breakers cannot be guaranteed, but this does not 
relieve the manufacturer of his contract obligation to deliver 
oil cireuit breakers having interrupting capacities as specified." 

Acting on this recommendation of the Oil Cireuit Breaker 
Subcommittee of the N. E. L. A., tbe General Electric Com- 
pany adopted this clause as recommended. Under this clause, 
the company is bound by a legally enforceable contract to deliver 
a circuit breaker having the specified rating, and evidence that 
the circuit breaker does not have the rupturing capacity specified 
would force the company to replace the circuit breaker with one 
having the specified rating, or would make the company liable 
for damages for breach of contract. 

There may be uncertainty in the minds of some manufacturers 
and some users as to the meaning of kv-a. interrupting eapacity. 
Is it the interruption at unity power factor, or at approximately 
90 deg. lag or lead? Is it the interruption of the current on an 
otherwise isolated bus system, or is it interruption on a svstem 
having a connected load with shunt reactance and electrostatic 
capacity? Is it on grounded or ungrounded systems? 

As far as the General Electric Company is concerned, and 
based on engineering information that has become available 
from field and testing department experience, the General 
Electrice Company's published interrupting rating includes all 
the conditions mentioned above and the General Eleetrie Com- 
pany will continue to publish ratings on this basis unless future 
development makes modification necessary, in which case, the 
published ratings will state that fact. 

The writer regrets that the tests did not include repeated 
interrupting tests at or near the rating of the breaker so that 
observations of contact burning could have been made. 


H. E. Strang: In discussing oil circuit breakers the term 
"Speed of Operation" is frequently used and unfortunately at 
times loosely applied with the net result that some confusion 
exists as to just what thought this expression is intended to 
convey. 

From the standpoint of system stability, interest is centered 
around the total time required for opening a circuit from the 
instant the trip coil is energized until the arc is finally broken, 
rather than the actual speed in feet per second at which the 
conta«ts may part. 


An analysis of the opening characteristics of various kinds of 
breakers will reveal the fact that one type of motor operator 
whieh imparts a comparatively high speed in terms of feet per 
second to the contacts after they have started moving, has an 
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ipherent time delay in the tripping mechanism itself, which 
makes the dead time, or the time from energizing the trip coil 
until the contacts part, nearly twice as long as in the case of 
breakers operated by other ty pes of motor or solenoid 
mechanisms. 

Supposing that there may be a balance in favor of the breaker 
operated by this former mechanism of some few half cycles of 
arcing time, the total duration of short circuit may be much 
longer than in the case of a breaker whose contacts travel more 
slowly, but operated by a mechanism with a shorter inherent 
dead time. It is this feature which is essential when considering . 
the application of oil circuit breakers from the standpoint of 
their effect on system stability. 

It is regretted that the curves which have been presented 
showing the opening characteristics of various types of breakers 
were not plotted on the same basis, that is, from the time the 
tripping impulse is delivered to the trip coil. 

Figs. 9 and 10, showing the opening time of a General Electric 
FHKO-36-110-kv. breaker seem to answer a commonly raised 
question regarding the effectiveness of explosion chambers at 
low currents. In this case while opening only 300 amperes which 
is some 8 per cent of the breakers’ interrupting rating, a definite 
acceleration is given to the contacts which amounts to an increase 
of about 2 ft. per sec. in maximum velocity over the no-load 
speed. 

That this effect is consistent in reducing the are length over 
the entire range of a breaker's rating is also apparent from the 
published results of the Canton tests where in the case of one 
explosion-chamber breaker during a series of 30 tests, ranging 
from 23 per cent and 83 per cent of its interrupting rating, the 
are length varied from but 40 per cent to 20 per cent of the 
stroke. 

As the authors have stated, the ultimate interrupting capacity 
of these large breakers may not be definitely known. It is 
believed, however, that if there is any uncertainty in the ratings 
it is on the side of eonservatism, and that it is not necessary to 
apply factors of safety to the ratings of breakers which have been 
subjeeted to extensive factory tests, the results of which have 
been substantiated by field tests such as those made at Canton. 

M. M. Samuels: May I be permitted to add some con- 
structive suggestions? First is the question of the parts which 
the users and manufacturers should respectively take in the 
further development of breakers. 

Now, it is not possible, nor is it necessary for an operating 
man to known as much about all of the detail problems of 
breaker construction as a manufacturer's engineer. But the 
operating man knows what he wants the breaker for, what 
serviee it has to perform, he knows this better than the manu- 
facturer; he has to make it perform as part of a svstem, and he 
soon finds out wherein it fails so to perform. 


Advice along these lines from operating men should be eagerly 
sought by manufacturers. The manufacturer should realize 
that the customer is not just kicking for the fun of it; but that 
when he kieks there is something wrong; and then let the experts 
get busy and find out what is wrong. 


The needed spirit of cooperation on the part of the manu- 
facturers is beginning to show itself here and there, and has no 
doubt been a contributing factor of considerable importance in 
the great strides which the manufacturers have made in very 
recent vears in circuit breaker developments. But more of it 
is needed. 


Another suggestion which may be made is that future tests 
should be carried on under actual operating conditions. So far, 
elaborate preparations have been made for each test. Contacts 
were cleaned and adjusted, mechanisms greased, relays cleaned, 
new oil placed in the tanks, ete. Under operating conditions 
this is not done every day, and in most cases it is not done often 
enough; and yet breakers have to operate. 

I should suggest that in the future tests be made on breakers 
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after they have been in service for some time, without making 
such preparations. In other words, without telling the breakers 
that they are going to be tested. 

As to the concluding requirements of Messrs. Wilkins and 
Crellin, I may state that the one requiring a maximum of one 
kv. is to my mind not of great importance. I will grant that the 
great amount of power required to close some breakers is due to 
very clumsy mechanism designs. The bell-crank artist is still 
among us, and the manufacturers have not as yet learned that a 
good switch designer is not necessarily a good mechanism de- 
signer, and that none of the switch mechanisms shows the in- 
genuity and beauty which may be observed in some of the 
automatic machinery which they have in their own shops. 
However, give me a good breaker, and I do not care if it takes 5 
kw. to close it. 

The suggestion that it should be possible to install a breaker 
without skillful mechanies likewise seems to be going somewhat 
too far at the present. Itis true that breaker mechanisms should 
be simplified rather than be nade more complicated; but I 
doubt if it ever will be possible or even desirable to eliminate the 
skillful mechanic in the installation of breakers. 

Let me add a concluding remark. It will be necessary to 
reduce the cost of breakers in the future. The breaker today 
represents the limit to electrical development, not only insofar as 
it sets a maximum to the amount of energy that can be safely 
switched, but also economically. Many a prospective develop- 
ment cannot be put through because the cost of switching makes 
the whole development uneconomical. It will not be sufficient 
in the future to spend half a million dollars on research to find 
out that the tank steel has to be }4 in. instead of 3$ in. thick, 
and to spend another half million to find out that two more 
pounds of eopper will have to be added to the contaet, or that 
structural-steel tops are in some cases preferable to cast-steel 
tops. To our shame it must be admitted that the ratio of 
results to development expense is very low in the cireuit-breaker 
field, and it is development expense which makes the eost of 
breakers so prohibitive. i 

Radical discoveries and inventions are needed, if the industry 
is to progress. A beginning has already been made, and one 
hint is already mentioned in the paper as to what might be 
expected in the future. I am referring to vacuum switching. 
But o far that is only a hint; and in general there are very few 
inventions of ingenuity and importance on record in the whole 
history of switching. 

The industry seems to have been immunized against an attack 
by the bacillus of invention. Messrs. Wilkins and Crellin are 
right, therefore, in their statement that we are doomed to depend 
on oil breakers for a good long time to come; and that the im- 
provement of them, to which I may add the reduction of their 
eost, is of immediate importance. 

L. C. Williams: ‘Speed’ is a much misinterpreted word. 
The electrical engineer talks in terms of eycles for interrupting 
& circuit or clearing a fault whereas the mechanician speaks in 
terms of velocities of the moving elements. 

Let us consider switching time in two parts, (1) the time 
required to overcome inertia and acquire acceleration of blades 
and measured from the time the relay contacts close until the 
arcing tips separate and (2) from that point until the are is 
broken and the fault cleared. 

The sum of the two times is important from the standpoint of 
system stability and all operating engineers desire it eut to an 
absolute minimum. 


The second consideration is of vital Importance in switch 
performance as high blade velocities contribute to a short dura- 
tion of are and improvement in switch reliability. 


Our present methods of control work somewhat at cross pur- 
poses. To gain high blade velocities 1s usually at the expense of 
burdensome control equipment and markedly increasing the time 
to get under way. 
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What we want is &n improved control equipment which 
permits the switeh to operate rapidly and minimize the overall 
operating time. 

Slow-motion pietures taken of the mechanism of heavy 
duty switches emphasizes this necessity and likewise afford an 
accurate means of calibrating switch speed curves. 

W. S. Edsall: The paper points out the desirability of clear- 
ing trouble from the transmission line in the shortest possible 
time. Several curves are given showing oil circuit breakers of 
the 110,000- and 220,000-volt class, giving the time required from 
closed position to the contact-breaking point and arc-clearing 
point. It is noted that on one 110,00-volt contact-break type 
of breaker it required about 0.125 sec., or 714 cycles on a closed 
position to opening of the contacts. About 414 to 5 cycles 
additional were required to break the are of the changing current. 
Contrasted to this in a desire to point out that records are 
available showing the performance of the American Brown 
Boveri Electric Corporation BO-60, 110-D oil circuit breaker 
handling short circuit in the order of 400,000 kv-a. where the 
complete O-C-O cycle was made in approximately 14 cycles. 
This time is taken from the instant the contacts touched on 
elosing plus the relay action time for reversal of motion of 
moving member springing the are and complete interruption. 

This type of oil circuit breaker is of the 10-break or multiple- 
break type. It is of the comparatively slow-speed design. In 
no ease was the speed of the moving element higher than 2.8 ft. 
per sec. 

The statement is made that records have been taken on 110- 
kv-a. oil circuit breakers both on 2-break and 6-break types, with 
speeds varying from 4 ft. per sec. to 15 ft. per sec. per contact 
and a range of arcing time from 12 cycles on the slow speed to 
2 cycles on a higher speed. This would infer that the higher- 
speed breakers clear the are more quickly than the slower-speed..: 

It is also stated that ‘‘the important point often overlooked is 
that the high-speed breaker elears the disturbance in much less 
time with much less damage both to system and to the breaker.” 

Records are available showing the type BO-60, 110-D, Ameri- 
ean Brown Boveri Eleetrie Corporation oil cireuit breaker, 
performing on O-C-O eyele with short circuit in the order of 
500,000 kv-a. wherein it is shown that very slow speeds will 
interrupt the are in the same time of arcing as with higher 
speeds. It was shown one one test that the average speed was 
approximately 5.5 ft. per see. on opening and on the second 
O-C-O of the operating duty the speed was reduced to approxi- 
mately 1.4 ft. per see., approximately 50 per cent of normal, 
yet the time of arcing remained the same. 

It is our belief that, eontrary to the general thought, the 
introducing of greater speeds alone does not necessarily give 
better oil-cireuit-breaker operation. It is our belief that the 
use of the 10-break multiple break with slow moving mechanical 
parts presents many advantages. Due to slow speeds there is no 
raeking of mechanism at the end of the stroke, whether on 
elosing er Opening,—only simple torsional accelerating springs 
are used. There is no quick-break mechanism of any kind, 
hence no triggers, latehes nor springs. 


Furthermore, it has also been demonstrated on tests that close 
to 700,000 kv-a. the use of the 10-break breaker gives pressures 
less than 20 lb. per sq. in. in the tank. 


There have been some misconceptions as to the length of are 
per are and the total are length in breakers of the 10-break type. 
It is true that if the speed of the moving element were the same 
in the 10-break type as in the usual 2-break type the total length 
of are in the 10-break ty pe might exceed that of the 2-break type. 
However, the speed of the BC-60 Ameriean Brown Boveri 
high-voltage oil circuit breaker is comparatively low, so that the 
total length of are is very little if any greater than would be 
experienced on a 2-break type under the same conditions. It is 
definite that the length per are is much less in each of the 10 
ares than the length of each are in a 2-break type. 
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The paper makes a reference to the use of resistance in con- 
junction with one multiple-break oil circuit breaker. Reliable 
resistance-type multiple-break oil circuit breakers have been 
built in Europe for many years. Resistance is mounted within 
the tank at a point such as to clear it from precipitating carbon 
and low-dielectric oil at the bottom of the tank. The usual 
method is to connect resistance in shunt with 4 or 6 of the 
multiple breaks, leaving from 2 to 4 of the multiple breaks in 
series. Upon interruption the ares which are shunted by the 
resistance are immediately made unstable, thereby leaving very 
high resistance in series with 2 to 4 ares. This gives a high resis- 
tance against the recovering voltage, cuts down the current 
flow and acts to diminish the time of arcing. Breakers of the 
110,000-volt class with interrupting rating of 500,000 kv-a. of 
the resistance tv pe have been built and successfully operated for 
a number of years. 

In summarizing we would point out that the high-voltage oil 
circuit breaker as manufactured by this corporation will probably 
come nearer meeting No. 1 requirement on the eighth page of the 
paper than any others on the market today. This requirement is 
that the complete O-C-O cycle shall not be more than 0.20 
seconds. Interrupting-capacity tests in the order of 500,000 
kv-a. show a time of 0.22 sec. average. The operating mecha- 
nism for these breakers is of the motor type, simplein construction 
and requiring very small current for operation. The power 
demand is less than 1 kw. 

The breakers are of very simple construction, such as will 
enable them to go through many operating cycles with very 
little inspection. 

Philip Sporn (by letter): I am pleased that the authors 
have tackled a question that has not been given the attention 
it deserved, and that is the question of oil circuit breakers and 
their effect on continuity of service in transmission networks. 
I think some work ought to be done also with particular reference 
to the effect on continuity of service of switching arrangements on 
high-voltage lines. . 

As a general rule a transmission line is planned and built by 
the transmission engineering department and when it is all over 
the job is given to the relay engineer to relay it. Sometimes he 
actually knows something about it a few months in advance of 
completion but it is very seldom he has much of a say in the 
arrangement of the line and the effect it will have on his various 
loop circuits. 
tive action almost impossible or, if it does make it possible, will 
introduce unusually high time settings on some of the lines, is not 
given very much weight and the problem is generally considered 
one of minor importance and one that a good relay engineer ought 
to he able to take care of. Of course where a double-cireuit 
line between two points is involved, the problem is very very 


simple but very often the double=zircuit lines do not materialize 


or where a line is laid out for two circuits, a simgle circuit only is 
installed and such a period may last for five years. The intro- 
duction of a pilot system of protection on transmission lines will 
materially ease the whole problem of sectionalization. It will 
particularly make possible the reduction in the time a fault is 
allowed to stay on the system and this will reduce to a negligible 
quantity not only the damage done during a fault but will also 
improve stability and will further reduce the trouble on 
customers’ apparatus as a result of long surges on transmission 
systems. l i 

Obviously if a carrier-current pilot system of protection is to 
be effective it has got to have a reliable means of coupling and 
Mr. Belt has shown? some of the devices that can be and are 
being emploved today to obtain reliable and effective coupling. 
It is of course evident, that there is no sense in making large 
expenditures on a relay system such as a carrier-eurrent pilot 
system that will eut down relay action on a single line from 2 or 


2. Coupling Capacitors for Carrier-Current Communication, T. A. 
E. Belt, A. I. E. E. JovuRNAL, October, p. 1051. 


The fact that this additional line will make selec- ' 
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3 sec. to 15 sec. if the breaker itself will t&ke an equal amount of 
time to function in clearing a short circuit after the relay system 
has energized its trip circuit and this point has been brought out 
very well by Messrs. Wilkins and Crellin. As an example of 
this, refer to Fig. 10 where one of the phases of a breaker is shown 
taking about 0.27 sec. before opening. Now, compared to a relay 
action of 3 sec. 0.27 seconds is quite good but when dealing with 
orders of time of relay action of about 0.5 sec. 0.27 isn’t quite so 
good. 

With some of the conclusions of the authors as to the funda- 
mental requirements of a circuit breaker, I agree; with others I 
differ quite radically. For example, I believe that the operating 
time for a complete ‘‘Open-Close-Open”’ cycle of operations can 
be materially raised above 0.2 see. provided the opening time 
can be reduced say to a figure approaching 0.05 sec., or, as an 
outside figure 0.1 sec. There is no question that the ideal half- 
cycle of arcing time would be a highly desirable thing if it could 
ever be obtained but I cannot quite see why it is necessary to 
limit the power demand of the mechanism to 1 kw. I do not 
see that it is necessary to have the breaker designed so that it 
ean be installed, adjusted and maintained by the average 
mechanic wjthout oil-circuit-breaker technique. I would like 
to see them so designed so that they can be insfalled, maintained 
and adjusted and then stay put when worked on by the average 
mechanic who had some special training. 

That it is highly desirable that a breaker shall be capable of 
completing more than two normal operating cycles before any 
inspeetions or adjustments are necessary, there is no room for 
argument. The wonder is that the preserrt operating cycle was 
agreed upon and not rejected as utterly absurd by the operating 
people. I donot know whether 100 is at all essential but it ought 
to be of that prder. For the present 40 or 50 would be good 
enough and I believe that if the operating engineers insist on it 
they will get it some day. 


I again am in entire agreement with the authors in that the only 
way for an operating company to know today as to whether 
the breakers that it is buying or that it contemplates buying 
will or will not perform satisfactorily, on its system, is to test 
them. Some day breaker development will have reached the 
point where this will not be necessary but it does seem necessary . 
today. That this happy stage will arrive by combining all of 
the good features now available in the designs of the several 
manufacturers as the authors so confidently expect, I am not 
at all certain; we have seen in other lines of endeavor develop- 
ments involving combinations of the best feature of each that 
gave a rather queer result. The problem would seem to be 
rather to have each manufacturer develop his design or new 
designs to a point where he is certain and doesn’t merely think 
that the breaker will do what he says it will do. 


R. J. D. Wood: Oneof the oscillograms shows the current 
increasing on interrupting the charging current on theline, Mr. 
Crellin said this was contrary to the ordinary conduct of current 
on short circuit. d 

In testing Mr. Sorensen's vacuum switch, which was done by 
bringing a synchronous condenser up to speed on the system, 
disconnecting from the system, and throwing it on the switch 
and using it as generator, we had occasion to notice the shape of 
the short-circuit current during the time previous to the opening 
of the switch. Quite a number of oscillograms of short-cireuit 
current were made, some of them showing the ordinary asymmetri- 
cal type but quite as many showed the short-circuit: current 
increasing for the first few cycles. 

E. A. Crellins It was short-circuit current. 

R. J. C. Wood: Buta single-phase ground. 

F. C. Lindvall: The authors mention the possibilities of 
the vacuum switch. -We at the California Institute of Tech- 
nologw who have worked on the problem of breaking currents in 
vacua are quite gratified hy this recognition, for not all operating 
engineers and oil-switch designers are convinced that some day 
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the vacuum switch may be a reliable piece of station equipment. 

We feel that our optimism regarding the switch is justified, and 
that the fundamental idea of the switch is sound. Yet, as Mr. 
Crellin pointed out, the transition from a rather delicate piece 
of laboratory equipment to a reliable device for commercial 
service is a long step which presents numerous difficult technical 
problems; but fortunately, as more new work is done on the 
switch, many anticipated difficulties eliminate themselves. 

Two such points the authors mentioned in their paper and 
should be discussed briefly. First, we have found that the 
extremely high vacuum which was originally assumed to be an 
obvious prerequisite is not really necessary. This interesting 
fact was observed in a general way in the earlier vacuum switches, 
but in order to obtain more definite data on this point a small 
switch was constructed. This model had butt contacts of 14-in. 
aluminum rod. An ionization gage located between the switch 
and the cut-off from the diffusion pumps served for measurement 
of gas pressure in the switch. l 

For convenience in testing, the duty cycle, of this model 
consisted of short circuiting and immediately opening the`short- 
circuit on the high side of a 15,000 /220-volt 10-kv-a. transformer. 
The short-circuit current through the switch was 3.5 amperes 
and the potential across the switch after break was of course 
15,000 volts. For the first 20 or 25 trials of the switch at a 
pressure of 2 x 107? mm. of mercury severe arcing'resulted with 
consequent liberation of gas from the electrodes. However, 
the contacts were then in shape for proper switching and success- 
ful operation followed. In fact, at a vacuum of the order men- 
tioned, an are could not be drawn out to maintain between the 
contacts even with maliciously slow operation. 


Several runs of 400 or 500 operations were made with the 
switch cut off the pumps with careful note taken of time and of 
changes in the vacuum. These pressure changes were then 
compared with leakage curves taken on the switch,’ and the 
interesting result was that the rise in gas pressure during the 
long switching runs followed very closely the curves of leakage 
coming from a faulty seal. In other words, the amount of gas 
given out by switching with clean electrodes was but little. 

The switch functioned consistently and was.apparently in- 
different to existing gas pressures up to the order of 5 X 10? mm. 
Beginning at somewhat lower pressures decided flashing could be 


seen at each operation of the switch, but every time a successful , 


break was made. As a matter of fact, the switch would break 
current satisfactorily with sufficient gas present to give a solid 
negative glow from a spark coil through a side discharge tube. 
Hence, to generalize from these results it follows that with out- 
gassed contacts only a tolarabl* good vacuum, one which is 
relatively easy to get and easy to maintain, is needed for suecess- 
ful switching. Thus, at once, many of the troublesome details 
of high-vacuum technic are avoided, and in consequence the 
switch lends itself more readily to the ordinary methods of 
manufacture. 


The second point mentioned by Mr. Willeins and Mr. Crellin, 
that of operating the contacts within the vacuum chamber, has 
been simply and adequately solved through the use'of flexible 
bellows which makes possible moving the swifcly contacts 
through any required distance by any suitable mechanism. "Asa 
consequence the switch may be locked in closed or open position, 
a feature demartded by the operating engineer. +, ` 

We have also found that extreme speed of opening is unnecessary 
in the vacuum type of breaker. Thus the contacts themselves 
may be simple and have low inertia. In turn,,the operating 
mechanism may be of light construction, permitting the’ operat- 
ing speed of the switch as a whole to be made extremely high. 
This speed, together’ with the characteristic first half-cycle 
break of current, will give a circuit breaker whose operation will 
no doubt be rapid enough to meet modern switching re- 
quirements. x 
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A further desirable feature would follow in that the simplicity 
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. interruption is made during the first half cycle. 
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of the operating mechanism of a vacuum switch should allow an 
accuracy of adjustment which would result in more nearly 
approximating the simultaneous breaking of current in the three 
phases of the switch. 

R. W. Sorensen: Reference has been made to the develop- 
ment of gas pressure tending to rupture switch tanks when a 
switch is open, and the question has been asked, does this 
phenomenon of pressure occur in the experimental vacuum 
switches when such switches fail to function properly and do not 
interrupt the current? It would be natural to expect in case of 
failure to interrupt the circuit that gases might be given off 
from the switch terminals in sufficient quantity to develop 
pressures that would cause an explosion or bursting of the 
chamber containing the vacuum switch. Experiments which 
have been made with the vacuum switch in which over 150,000 
kv-a., single-phase has been interrupted by means of single-pole 
switches have failed to show enough gas pressure to produce 
explosion. Also, when circuits of this capacity have not been 
completely interrupted by the opening of the switch, the switch 
has withstood any tendency toward an explosion. In a few 
eases where the glass container for the vacuum chamber has 
broken, whether due to heat or mechanical injurv, the parts of 
the glass container have not been thrown about so as to indicate 
an explosion, but have rather, simply dropped to the ground and 
done no damage; in fact, we have had less flying of glass than is 
often the case when an ordinary electric light globe is broken. 
As an indication of our confidence that no explosions oecur, I 
may say that those of us who are working with switching in 
vacuum have so little fear of flying glass or other parts that we 
stand within a few feet of the switch in order to watch its operation 
when experiments are being conducted; in fact, we approach 
the switch much closer than has been considered safe with oil 
switches which may throw oil. 

Another very favorable feature of the vacuum switch is the low 
voltage rise in the circuit at the time of break. For, though the 
vacuum switch always breaks the circuit on the first half cycle, 
we have found the voltage rise with the vacuum switch to be less 
than with the oil switch. The oil switches we have worked with 
usually hold the are 8 or 10 half eyeles. That is, there seems 
to be more rise in voltage on the cireuit at interruption when it 
takes several cycles to make the interruption than there is when 
Many times in 
our laboratory we have put one of our vacuum switches in a 
convenient 15,000-volt circuit capable of supplying eurrent up to 
150 amperes and have, by means of the hand-operating lever, 
opened and closed the switch rapidly, perhaps six or eight times 
per second. This we can do 25 or 30 times without distressing 
the switch in any way. I have never seen such a demonstration 
made with an oil switeh. Infact, the amount of energy expended 
in the switch does not seem to be great, the actual drop across the 
arc at separation of contacts being probably less than 100 volts. 
This means that there is not available a great deal of energy at 
the place where it will destroy switch contacts. One of our small 
switches, the contacts for which are rods 34 in. in diameter. has 
been used to open a 15,000-volt circuit, the current in whieh 
varies from a small amount to 125 amperes, more than 4000 
times and the contacts show no appreciable pitting. I feel that 
we may safely say, therefore, that a vacuum switch which has 
been properly tuned up for operation will give good service and. 
be able to interrupt cireuits almost an infinite number of times 
without damage to contacts. 

. I do not wish in any way to give an impression that vacuum 
switches are ready for the market. During the five years we 
have been working on the switch we seem to have made small 
progress. Each move, however, has been a progressive one and 
perhaps it will not take five vears more to develop a switeh which 
will have some degree of success in practical service on power 
lines. 

In conclusion, I ean reply to Messrs. Wilkins and Crellin by 
saying that we have developed a means for moving practical 
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circuits in a satisfactory way. We have also been able in an 
experimental way to fulfill requirements 1, 2, 3 and 4 as listed 
in their paper. Requirement No. 5 is the one we have not as 
yet been able to meet. | 

E. K. Sadlers We have just completed some over-all 
tests, at our factory, which approach Messrs. Wilkins and 
Crellin's specifications; and I would like to make a few remarks 
on that. 

We have found it possible to obtain the following speeds with- 
out complicating the operating mechanism or subjecting the 
switch to excessive jar in operation. This switch was of the six- 
break type and the speeds given are the total for all six breaks. 

We have obtained a velocity of 51 ft. per sec. when the arcing 
contacts break and a maximum velocity of 75 ft. per sec. at a 
point some inches beyond where arcing contacts break. Open- 
ing of switch requires only 0.089 sec. for full travel of blades, 
and an elapsed time of 0.16 sec. from energizing the trip circuit 
until the arcing contacts open. The total break equals 36 in. 

As regards a switch jumping when the operating mechanism 
is mounted remote from the switch; this switch can move 2 
in., back, forward, right, left, up or down and still operate 
perfectly. 

J.P. Jollymans From the standpoint of the engineer having 
to do with the operation of a power system, we are very much 
eoncerned with the effects of trouble on the power system. We 
want to get those troubles off the system as quickly as possible. 
We do not want to wait until the voltage of the system is reduced 
to a point where the duty on the circuit breaker is reduced. We 
want the trouble removed before service is impaired and what- 
ever kind of switch it is will have to stand this quick service. 

J. S. Thompson: (communieated after adjournment): It is 
of incaleulable value to the manufacturer of oil cireuit breakers to 
secure the findings of engineers who have so thoroughly studied 
the problems to be met in oil-circuit-breaker design and to have 
the result of these studies summarized in the requirements which 
they have laid down. These requirements are looked upon as 
supplementary to most of those outlined by Mr. Jenks of the 
West Penn Power Company, in the paper appearing in the 
1924 TRANSACTIONS of the A. I. E. E., p. 648. 

With reference to requirement 3, it is possible that a statement 
that the mechanism should demand but a very small amount of 
power would be sufficient, but the exact reference to 1 kw. is 
presumably prompted by the fact that mechanisms are available 
which require no more power than 1 kw. 

With regard to the discussion presented by Mr. Sporn, it 
would appear that his reference to the absurdity of the test duty 
cycle demand is based upon a tendency to look upon test rating as 
synonymous with normal operating ratings in circuit-breaker 
practise. In all other apparatus the test ratings to which the 
apparatus is submitted, for periods such as one minute, are far 
in excess of the operating rating and therefore it is possible 
that some adjustment should be made so that the circuit breaker 
operating twice under the A. I. E. E. test rating would operate 


comfortably at a reduced operating rating for the 100 or even the . 


1000 operating cycles referred to in requirement No. 4. We 
would draw attention to the fact that the N. E. M. A. rule for 
reduced interrupting capacities, under item E, suggests the ratio 
which these two ratings might bear to each other. 

With regard to the discussion presented by Mr. Hilliard, 
the uncertainty regarding circuit breakers on the part of those 
best informed is indicated by the phrases: ‘‘It is quite likely”; 
“Not half"; ‘One may expect"; ‘It is probable”; ‘‘Could un- 
doubtedly”; ‘‘May result"; "Is likely to be”; “It is not im- 
possible.” 

Mr. Hilliard appears to assume that doubling the speed of the 
break would invariably double the length of the arc, and with 
respect to this assumption, we would draw attention to Figs. 4 
and 10, showing are durations of two-break and six-break circuit 
breakers under exactly similar conditions. These curves in- 
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dicate a duration of arc of 0.045 sec. in the six-break circuit 
breaker and 0.15 sec. in the two-break circuit breaker. 

There would appear to be an inconsistency in Mr. Hilliard’s 
reasoning where he suggests that a greater quantity of gas is 
developed by high contact speed, whereas later in his discussion 
he states that hjgh speeds are advantageous. 

: Mr. Hilliard indicates that high-speed interruption produces 
voltage surges and also impaet pressures in the oil. If this is 
the case*it would appear that voltage surges are a necessary 
concomitant of high-speed circuit interruption. But regarding 
tank pressure, it may be stated in support of multiple breaks 
that no Pacific Electric Manufacturing Company six-break oil 
circuit breaker tank or top casting has ever been damaged either 
under test or operating conditions, nor have tank and cover 
assemblies ever been forced apart. 

Mr. Hilliard makes the point that the long break is of value 
and, recognizing this, the Pacific Electric Manufacturing Com- 
pany provides that each one of the six breaks of its circuit 
breakers is substantially as long as each one of the breaks of the 
conventional two-break oil circuit breaker. Properly disposed 
multiple breaks can be considered as a grouping of two-break 
oil circuit breakers in series, and could not be assumed to draw 
ares, per pair of breaks, as long as a single two-break oil circuit 
breaker. This fact has been put in practical application on a 
Pacific Coast operating system on which the failure of a two- 
break circuit breaker was remedied by placing a similar two- 
break circuit breaker in series with it, the two mechanically 
connected to operate simultaneously. But a further advantage 
of six-break circuit breakers is obtained by so disposing the breaks 
that the explosive éffect of one are tends to blast a volume of 
oil through the path of adjacent ares. 

With regard to the comment submitted by Mr. Strang, the 
factor of inherent time delay in the tripping mechanism is a 
vital one. In developing the motor-wound spring-operated 
mechanism devised by Mr. Wilkins, the engineers of the Pacific 
Electric Manufacturing Company gave this factor prime con- 
sideration, with the result that the inherent time delay in this 
control is satisfactorily brief. It is possible that the control 
referred to by Mr. Strang could be corrected to secure equally 
excellent characteristics. 

E. A. Crellin: Everybody seems to have remarked about 
the power demand of the operator being limited to one kw. Mr. 
Samuel says, ''Give me a good breaker and I do not care if it 
takes five kw. tocloseit." Itisgranted thatit makes little differ- 
ence to the switch itself how much power it takes to operate it 
so long as there is sufficient to get the contacts in or out in fast 
time. "The limitation was added for another purpose and was 
ineluded along with the other specifieations to complete the list 
of requirements. 


Let me point out what is involved in a large operator power 
requirement, especially in a breaker which requires practically 
the same energy to open as to close. I recently visited a sub- 
station in which there will ultimately be some fifty 60-kv. 
breakers and six or eight 220-kv. breakers, the most remote of 
which are 900 or 1000 ft. from the switchboard. If it is necessary 
to have operating currents on the order of 200 amperes at 125 
volts, we are faced with a very great expense in storage batteries 
and control cables in order to hold up the operating voltage. 
It may well happen that a group of breakers will be simul- 
taneously tripped, and if they require heavy operating currents 
to open, will force the installation of expensive equipment. 
Even with the gravity-opened breakers, it may well be that a 
large series of successive operations will lower the battery voltage 
to a point where further operation is impossible. The reason 
for imposing the limitation on aperating power was to effect 
economies in installation. Such operators are available, and 
greatly to be preferred to those requiring 200 or more amperes. 


Mr. Williams and Mr. Strang both have the same thought on 
the definition of speed. It is high over-all speed until the circuit 
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is cleared that we are after. If the actual time of contact move- 
ment is kept relatively high for reasons of switch design, then 
speed must be attained in the operating mechanism in order 
to bring down the total time from the closing of the relay con- 
tacts to the final interruption of the circuit. In this paper 
"speed" does not mean the rapid motion of parts so much as it 
does the rapid interruption of the circuit, no matter how attained. 
It is felt by the authors, however, that much higher contact 
speeds than those at present obtaining will be of great advantage 
not only in preserving system stability, but in easing the stresses 
within the breaker itself. 

Roy Wilkins: Mr. Hilliard states that ‘‘for years it has been 
known that speed was one of the chief factors of an efficient 
oil circuit breaker." Nothing seems to have been done about it, 
however, until very lately. s 

With regard to the testing of breakers below. their rating, it 
might be well to point out that most of the failures on operating 
tests including those at Canton have been very much below the 
breaker ratings. . 

Mention was made of the fact that substantially instantaneous 
interruption causes very great voltage rises. This was the 
original argument against oil circuit breakers and is as true 
today as it was in 1895. There are as yet, however, no com- 
mercial oil circuit breakers that even approximate instantaneous 
interruption. No one has any hope of getting under the first 
half eyele. Mr. Sorensen has noted no alarming voltage rise 
at one-half cycle. In this connection, as was pointed out in 
the paper, the circuit characteristics are the determining factor 
on such phenomena. 

With regard to guarantees, there were last year in one State 
of the U. S. some twenty times as many law suits for damage due 
to defective transformers as there were due to oil circuit breakers; 
the same arguments hold for both as far as care and maintenance 
are concerned, yet no reliable manufacturer proposes to withdraw 
the transformer guarantee. 

With regard to the meaning of interrupting capacity in kv-a., 
I ain frank to state that I, for one, am doubtful of what it means, 
if anything. Several years of intensive study in both the field 
and factory have so far only strengthened this doubt. 

Multiplying & voltage on the bus before trouble bv the current 
in the first one-half cycle of are after trouble has no physical 
meaning and so far as yet demonstrated no practical one. 

With Mr. Strang we are in thorough accord; it is a performance 
that is desired. The particular mechanism required may in 
the end not even remotely resemble any of the present types. 
The effect of trouble on the system is important, the effect on the 
breaker incidental, though all too often it is the controlling factor. 

In reply to Mr. Edsall, I wish to emphasize again that what 
the purchaser buys is equipment to separate an operating system 
from a fault,—the fault and the oil circuit breaker condition at 
the time are secondary matters. While slow speed may be good 
for the breaker it decidedly is not for the system. 


Breakers must be built whose opening time is under 0.1 see. 
preferably as low as 0.05 sec. and whose arcing time ap 
proaches closely the optimum of 14 eyele. 

Executives have been busy in the past with other matters, 
but of late they are giving more and more time to interconnection 
and network operation and the effect of combinations of net- 
works. Eventually they will learn that the reliability of the 
entire network depends on the ability of the cireuit-interrupting 
equipment to function properly in less than the time required for 
the parts of the network to pull out of svnchronism and such 
eircuit-interrupting equipment will then be demanded and made. 

The point and purpose of the paper is not an attempt to 
design an ideal cireuit breaker but to outline the requirements. 

There are at present two theories or methods of network 
operation,—one with relatively light ties in an extensive network 
where each load is fed from more than one source, and in trouble, 
the smallest practicable section is isolated. Such systems require 
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fast relaving and insure continuous service and are represented 
by the Pacific Coast, the Southeastern and the North Central 
networks in the United States, all covering extensive territories. 

The second method depends on & backbone with radiating 
feeders where large blocks of power are transferred from the 
general source to the loads and where outages are not expected 
on the main arteries. Such systems provide only emergeney 
relaying on these main lines because their loss means the serious 
crippling of the system, and extremely fast operation would not 
be necessary. No such system exists today in practise on any- 
thing like the scale of the type given above. 


ILLUMINATION ITEMS 


By Committee on Production and Applicaton of Light 
PHOTOMETRY OF INCANDESCENT FLOODLIGHTS* 

The Committee on Illumination of the Association of 
Railway Electrical Engineers in its report at the annual 
convention (October 25 to 26th) deals with the photom- 
etry of Incandescent Floodlights at considerakle length. 

Floodlight beams usually show visible traces of 
filament images which may cause erratic results if the 
area photometered at each reading is small. Therefore 
an integrating device consisting of a hemispherical shell 
with an opening one degree square (Which would be 
20.94 in. by 20.94 in. for a test range of 100 ft.) should 
be used in the same general manner as an Ulbricht 
sphere. The opening is covered with a translucent 
material such as sandblasted glass. This averages out 
minor irregularities in the beam. 

The photometer is set up at a distance of 100 ft. (or 
more) from the lamp to be tested. Observations are 
taken at approximately 100 stations uniformly spaced 
throughout the beam, and in addition a series of stations 
on eight equally spaced lines radiating from the axis. 
The position of the axis of the beam is estimated by 
visual observations on the edges of the beam and other- 
wise; it can be located more exactly only by actual 
test. The test procedure and method of calculating 
results are covered in very careful detail and tables are 
included to simplify the calculations. 

The beam is considered to extend to where the candle- 
power drops to 11 per cent of the maximum candle- 
power value found in the beam. Suggestions for 
determining the total lumens in the stray light area 
(outside the beam) are given. The efficiency of the unit 
is expressed as the ratio of the beam lumens to the total 
Jumen output of the incandescent lamp. The per- 
centage of light produced by the incandescent lamp 
found in the stray field may also Le given. 

The Illumination Committee in its report has decided 
to use the following classification of floodlight beams: 
Narrow beam — beam spreads up to 15 deg. 

Medium beam—beam spread from over 15 deg. to 
30 deg. 

Wide beam — — beam spread over 30 deg. 

special beam —unsymmetrical beams and others not 
falling in the above groups. 

*See Railway Electrical Engineer—October 1927, page 315- 


319. Article supplied by Committee on Production and Appli- 
eation of Light. 
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1928 Winter Convention Will Offer Valuable and Important Papers 


An A. I. E. E. Winter Convention of outstanding interest and 
importance is promised in the program planned for the 1928 
meeting whieh will be held February 13-17 with headquarters 
at the Engineering Societies Building, New York City. Techni- 
eal sessions of highest merit, leetures, inspection trips, medal 
presentations and social features have been planned which will 
surely draw a large attendance. 


TECHNICAL SESSIONS 


The technical papers and lectures will include as subjects 
dielectrics, operation of interconnected power systems, insulators, 
magnetism, electrical machinery, communication, automatic 
substations, control and protective apparatus, synchronizing 
devices and arc welding. Great interest is being manifested in 
the session on Tuesday morning, February 14, on the subject of 
operating interconnected power systems. This subject will be 
presented in papers by five outstanding engineering executives 
representative of different practises in five parts of the country. 
Prepared discussions will be presented by several other well 
versed engineers. 


TELEPHONE COMMUNICATION WITH LONDON 


Telephone communication with the British Institution of 
Electrical Engineers meeting simultaneously in London, is to be 
one of the outstanding features of the convention. This event 
is scheduled for Thursday morning, February 16. This session 
will open with two papers on transatlantic telephony as an- 
nounced in the accompanying tentative program. 

Following these papers there will be an exchange of greetings 
over the New York-London radiotelephone circuit between 
Bancroft Gherardi, President of the American Institute of 
Electrical Engineers, and Archibald Page, President of the 
British Institution of Electrical Engineers. Greetings will 
also be exchanged between Dr. F. B. Jewett, Vice President of 
the American Telephone and Telegraph Company and President 
of the Bell Telephone Laboratories, in charge of the development 
work done in this country leading to the establishment of the 
transatlantic service, and Colonel T. F. Purves, Chief Engineer 
of the British Post Office, who has charge of the development 
work done in England in this matter. 


Arrangements are being made for these exchanges of greetings 
to be heard by those present at the session of the A. I. E. E. in 
New York, and also by the members of the Institution of Electri- 
cal Engineers who will be having a regular afternoon meeting 
in London, simultaneous with the New York meeting. 

Following this two more technical papers will be presented 
as shown in the program. 


LECTURE BY Dr. NoniNDER 


Dr. Harold Norinder of Upsala, Sweden, well known in this 
eountry for his studies of lightning discharges and other matters, 
will furnish one of the interesting points of the meeting. He will 
deliver a lecture in the session on the afternoon of February 14, 
his subject being ‘The Cathode Oscillograph as Used in the 
Study of Lightning and Other Surges on Transmission Lines." 


LECTURE BY Dr. SWANN 


Another event will be a lecture on ‘‘The Earth’s Electric 
Charge” to be given by Dr. W. F. G. Swann on Monday evening, 
February 13. Dr. Swann, who is Director of the Bartol Research 
Foundation of the Franklin Institute, is an entertaining speaker 
as well as a high authority on subjects pertaining to electro- 
physics. 

Details of the technical sessions are published in the accom- 
panving tentative program of events. 

Jonn Fritz AND EpIson MEDALS 


Two of the most highly desired rewards for engineering 
accomplishment will be presented on the evening of Wednesday, 
February 15. The John Fritz Medal will be presented to General 
John J. Carty and the Edison Medal to Dr. William D. Coolidge. 
Details of the award of the John Fritz Medal were published in the 
November JOURNAL, page 1290. An announcement of the award 
of the Edison Medal is published elsewhere in the January 
JOURNAL. 

INSPECTION TRIPS 


Quite a number of inspection trips have been planned, most 
of which will be taken on Thursday afternoon, February 16, 
though some of the places may be visited at other times by 
prearrangement. Among the trips which are planned are those 
to the following places: 
132-kv. cable installation at Hell Gate Station of the New York 
Edison Company 

"Iron-elad" switchgear—a substation of the New York Edison 
Company having only this enclosed type of construction 

System operators switchboard, Waterside Station, New York 
Edison Company 

220-kv. switching station—Hudson Station of Publie Service 
Electric & Gas Company 

Hudson Avenue Station of Brooklyn Edison Company 

Broadcasting studio of National Broadcasting Company 

A-c. network switches of United Electric Light & Power 
Company 

The Electrical Testing Laboratories 

The Bell Telephone Laboratories 


DINNER-DANCE 


That enjoyable social function, the annual dinner-dance, 
will be held on the evening of Thursday, February 16 in the main 
ball room of the Hotel Aster. This is an institution which needs 
no recommendation. It is sufficient to sav that it will be held 
in the spacious Astor ball room, the meal will be excellent 
and one of the best dance orchestras in New York will furnish 
the music. 

THE SMOKER 


A delightfully informal event will be the Smoker to be held 
on Tuesday evening, February 14, in the Belvedere of the 
Hotel Astor. Every effort is being made to make the program 
for this evening unusually attractive and at the same time to 
eliminate the confusion and crowding which have occurred in 
some former smokers. The committee feels that this can be 
done and without an increase in the former price of $2.00 per 
person. 


66 | INSTITUTE AND RELATED ACTIVITIES 


Repucep RaiLnoAD RATES 


A special railroad rate will be available to out-of-town visitors 
to the convention under the certificate plan. Under this plan 
each person should request a certificate when purchasing a 
one-way ticket to New York. Presentation of this certificate 
at Convention headquarters will entitle the holder to half-rate 
fare for the return trip over the same route provided 250 certifi- 
cates are registered at the Convention. 

When purchasing tickets members or guests should advise 
their ticket agents that they will attend the A. I. E. E. Conven- 
tion and should ask for the certificates. Families of members 
attending the Convention are entitled to certificates also. Ona 
few limited trains the return tickets purchased at reduced rates 
will not be honored. Tickets must be purchased within a 
limited number of days prior to the meeting and return tickets 
must be used within a limited time after the meeting. The 
limiting dates depend upon the location of the purchaser. 
Information on this and other details may be obtained from 
ticket agents. Immediately upon arrival in New York, certifi- 
cates should be deposited with the endorsing officer at Con- 
vention headquarters. 


ALL Visitors SHOULD GET CERTIFICATES 

Everyone should obtain a certificate, whether he will use it 
or not, for failure to do so may deprive others coming long 
distances of the saving in railroad fare made possible by this 
provision. 

. CONVENTION COMMITTEES 

The plans for the meeting are being handled by the following 
general committee and subcommittees: 

General Committee—G. L. Knight, Chairman; J. B. Bassett, 
H. P. Charlesworth, H. W. Drake, W. S. Gorsuch, H. A. Kidder, 
E. B. Meyer, L. W. W. Morrow and R. H. Tapscott. 

Entertaininent Committee—J. B. Bassett, Chairman; L. B. 
Bonnett, H. C. Dean, J. F. Fairman, A. H. Inglis, C. R. Jones, 
and A. H. Kehoe. 

Dinner-Dance Committee—H. C. Dean, Chairman, A. B. 
Clark, C. R. Jones, J. F. Kelley and F. A. Muschenheim. 

Smoker Committee—J. F. Fairman, Chairman; R. E. Dennis, 
H. W. Drake and W. S. Gorsuch. 

Inspection Trip Committee—A. H. Inglis, Chairman; W. B. 
Kirke, L. W. McCullough, W. R. Smith and F. Zogbaum. 


TENTATIVE PROGRAM OF 1928 WINTER CONVENTION 
(The papers listed in this program, although all have not been 
definitely seheduled, will in all probability be in the final 
prograni). 
Monpay MorninG, FEBRUARY 13 
Registration 
Committee Meetings 
Monpbay, 2:00 P. M. 
ELECTROPHYSICS AND DIELECTRICS 

Technical session under auspices of Committee on Electro- 
physics, Vladimir Karapetoff, chairman. 

Surge Impulse Breakdown of Air, J. J. Torok, Westinghouse 
Electric & Mfg. Co. 

Investigation of the Influence of Internal Vacua and Ionization 
on the Life Duration of Paper-Insulated, High-Tension Cables, 
Alexander Smouroff, Electrotechnical Institute of Leningrad. 

Approximate Method for Solution of Electrical Networks, E. A. 
Guillemin, Massachusetts Institute of Technology. 

The Boltzmann-Hopkinson Principle of Superposition, F. D. 
Murnaghan, Johns Hopkins University. 


Monpay, 8:00 P. M. 
LECTURE 


‘<The Earth's Electric Charge," W. F. G. Swann, Director of 
Bartol Research Foundation, The Franklin Institute. 
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Tuespay, 9:30 A. M. 
INTERCONNECTION AND ITs EFFECT ON Power DEVELOPMENT 


Technical session under auspices of Committee on Power 
Generation, W. S. Gorsuch, Chairman. 

The following papers and discussion constitute a symposium 
on present-day practise and new developments of interconnection 
in various parts of the United States. Some of the points to be 
considered are: (a) Effect on Plant Capacity and Size of Generat- 
ing Units; (b) Economies of Operation; (c) Operating Features; 
(d) Stabilitv and Reliability; (e) Load Dispatching and Load 
Control; (f) Technique of Interconnection Operation; (g) 
Physical Facts as to Interstate Power. 

The Conowingo-H ydro-Electric Project of the Philadelphia Electric 
Company's System—With Particular Reference to Intercon- 
nection, W. C. L. Eglin, The Philadelphia Electric Co. 

Some Problems and Results from Interconnection in the South- 
eastern States, W. E. Mitchell, Georgia Power Co. 

Some Aspects of Pacific Coast Interconnections, P. M. Downing, 
Pacific Gas & Electric Co. 

Interconnection and Power Development in Chicago and the 
Middlewest, H. B. Gear, Commonwealth Edison Co. 
Diseussion of the papers and the subject of interconnection 

in general will be presented by the following: 

Charles L. Edgar, Edison Electric Illuminating Company 
of Boston, 

James Lyman, Sargent & Lundy, Ine. 

A. C. Marshall, The Detroit Edison Co. 

Farley Osgood, Consulting Engineer. 

E. C. Stone, Duquesne Light Co. 

L. W. W. Morrow, Electrical World. 

W. S. Lee, Southern Power Co. 

C. F. Hirshfeld, Detroit Edison Co. 

G. N. Tidd, American Gas & Electrice Co. 

H. A. Barre, Southern California Edison Co. 

F. A. Allner, Pennsylvania Water & Power Co. 


Tuespay, 2:00 P. M. 


TECHNICAL SESSION ON MISCELLANEOUS SUBJECTS 


The Saturation Permeameter, S. L. Gokhale, General Electrice Co. 

Manufacture and Magnetic Properties of Compressed Powdered 
Permalloy, W. J. Shackelton, Bell Telephone Laboratories and 
I. G. Barber, Western Electric Co. 

Effect of Humidity on Dry Flashover Potential of Pin-Type 
Insulators, J. T. Littleton, Jr. and W. W. Shaver, Corning 
Glass Works. 

The Cathode Oscillograph as Used in the Study of Lightning and 
Other Surges on Transmission Lines, leeture by Harold 
Norinder. 


8:00 P. M. 


SMOKER AND ENTERTAINMENT 
WEDNESDAY, 10:00 A. M. 


ELECTRICAL MACHINERY 


TUESDAY, 


Technical session under auspices of Committee on Electrical 
Machinery, F. D. Newbury, Chairman. 

Synchronous Machines—IV, R. E. Doherty and C. A. Nickle, 
General Electric Co. 

Calculation of Armature Reactance of Synchronous Machines, 
P. L. Alger, General Electric Co. 

Reactances of Synchronous Machines, R. H. Park and B. L. 
Robertson, General Electric Co. 

The Thermal Volume Meter, C. J. Fechheimer and G. W. Penney, 
Westinghouse Electric & Mfg. Co. 


WEDNESDAY, 2:00 P. M. 
ELECTRICAL MACHINERY 


Technical session under auspices of Committee on Electrica] 
Machinery, F. D. Newbury, Chairman. 
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Recent Improvements in Turbine Generators, 8. L. Henderson and 
C. R. Soderberg, Westinghouse Electric & Mfg. Co. 

Design and Application of Two-Pole Synchronous Motors, D. W. 
McLenegan and I. H. Summers, General Electric Co. 

Heat Losses in the Conductors of a D-C. Armature, W. V. Lyon, 
E. Wayne and M. L. Henderson, Massachusetts Institute of 
Technology. à 

Effect of Transient Conditions on Application of D-C. Compound 
Motors, L. R. Ludwig, Westinghouse Electric & Mfg. Co. 


WEDNESDAY, 8:00 P. M. 
PRESENTATION OF JOHN Fritz AND EpisoN MEDALS 
(See details elsewhere in this announcement). 


Tuurspay, 9:30 A. M. 
CoMMUNICATION 


Technical session under auspices of Committee on Communica- 
tion, H. W. Drake, Chairman. 

Transatlantic Telephony—The Technical Problem, O. B. Black- 
well, American Telephone & Telegraph Co. 

Transatlantic Telephony—The Operating Problem, K. W. Water- 
son, American Telephone & Telegraph Co. 

Following these papers there will be an exchange of greetings 
over the New York-London radiotelephone circuit between 
Bancroft Gherardi, President of the American Institute of 
Electrical Engineers, and Archibald Page, President of the 
British Institution of Electrical Engineers. Greetings will 
also be exchanged between Dr. F. B. Jewett, Vice-President of 
the American Telephone and Telegraph Company and President 
of the Bell Telephone Laboratories, in charge of the development 
work done in this country leading to the establishment of the 
transatlantic service, and Colonel T. F. Purves, Chief Engineer 
of the British Post Office, who has charge of the development 
work done in England in this matter. 

Arrangements are being made for these exchanges of greetings 
to be heard by those present at the session of the A. I. E. E. in 
New York, and also by the members of the Institution of Electri- 
eal Engineers who will be having a regular afternoon meeting in 
London, simultaneous with the New York meeting. 

A New Horn-Type Loud Speaker, C. R. Hanna, Westinghouse 

Electric & Mfg. Co. 

Certain Topics in Telegraph Transmission Theory, H. B. Nyquist, 

Ameriean Telephone & Telegraph Co. 


Tarrspay, 1:30 AND 2:00 P. M. 
INSPECTION TRIPS 


Tuunspav, 7:30 P. M. 
DiNNER-DANCE 


Fripay, 10:00 A. M. 
CONTROL AND PROTECTIVE EQUIPMENT AND SUBSTATIONS 


Technical session under auspices of Committee on Protective 
Devices, F. L. Hunt, Chairman. 

Automatic Control of Edison Systems, O. J. Rotty, United 
Electrie Light and Power Co., and E. L. Hough, General 
Electric Co. 

Protection of Supervisory Control Lines Against Overvoltage, 
Edward Beck, Westinghouse Electric & Mfg. Co. 

1926 Lightning Experience on 182-Kv. Transmission Lines, 
Philip Sporn, American Gas & Electric Co. 

Vacuum-Tube Synchronizing Equipment, T. A. E. Belt, General 
Electrie Co. 

Use of Condenser Type Bushing in Synchronizing, E. E. Sprack- 
len, Ohio Public Service Co., and D. E. Marshall and P. O. 
Langguth, Westinghouse Electric & Mfg. Co. 


Fripay, 2:00 P. M. 
Arc WELDING 


Technical session under auspices of Committee on Electric 
Welding, J. C. Lincoln, Chairman. 
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Effects of Surface Materials on Metallic Arc-Welding Electrodes, 
J. B. Green, Fusion Welding Corp. 
Arc Welding—Influence of Surrounding Atmosphere on the Arc, 
P. Alexander, General Electrie Co. 
Arc-W elded Structures and Bridges, A. M. Candy, Westinghouse 
Electric & Mfg. Co. 
Welding and Manufacture of Large Electrical Apparatus, A. P. 
Wood, General Electric Co. 


Regional Meeting Held in Chicago 

HAS EXCELLENT ATTENDANCE, PAPERS AND DISCUSSIONS 

The meeting held in Chicago November 28-30 by the Great 
Lakes District was an outstanding one among regional meetings 
of the Institute. The large attendance was particularly note- 
worthy, over 900 engineers attending the technical sessions, 
including about 200 Student members of Branches in the Dis- 
trict. These figures do not include an additional number of 
guests who were present at the dinner-dance held on the evening 
of November 29. All of the technical sessions drew a large 
attendance, showing that the papers presented were of great 
interest. A large number also took the inspection trips which 
had been arranged. 


SESSION ON 132-Kv. Orir-FinLLED CABLE 

The meeting opened on November 28 with a one-day program 
conducted by the Branches of the District, a full report of which 
is given elsewhere in this issue of the JourRNAL. On the next 
day, November 29, the first regular technical session was held 
and this session was devoted to a symposium on 132-Kv. Single- 
Conductor, Lead-Covered Cable. The session was opened with an 
address of welcome by B. G. Jamieson, Vice-President of the 
Great Lakes District, after which H. W. Eales, as presiding 
officer, took the chair and the four parts of the symposium were 
presented as follows: 

Introduction—Economics and Commercial Demand, P. Torchio. 
Theory, Design and Development, L. Emanueli. 

Manufacture, Inspection and Testing, W. S. Clark. 

Installation, A. H. Kehoe, C. H. Shaw, J. B. Noe and D. W. 
Roper. 

As part of his presentation Mr. Roper showed some very 
interesting motion pictures taken during installation of the cable 
in Chicago. 

In the discussion following practically every discussor com- 
mented on the magnitude of the accomplishments which have 
resulted in the successful operation of this cable, and several 
pointed out the probability of the successful application of the 
principle to cables of even higher voltages. H. L. Wallau 
compared the over-all diameters of the old type of cable with the 
oil-filled cable, stating that with a maximum potential on a 
single-conductor solid cable of 80-kv. to sheath a maximum 
working stress of 150 kv. per in. would require an over-all diameter ' 
of 3.19 in. and would give a safety factor of 1.77; while the oil- 
filled cable with a maximum working stress of 160-kv. per in. 
would have an over-all diameter of about 3 in. and a safety 
factor of 3.5 to 4. As a definition of safety factor he used the 
ratio of the indefinitely sustained breakdown voltage to the 
operating voltage. Further he pointed out that possibly operat- 
ing experience with the 132-kv. cable may prove that a factor of 
safety of 2 to 2.5 is liberal. This would bring 220-kv. cables 
into the 3-in. diameter class. He pointed out that the oil-filled 
cable costs $2.13 per kv-a. mile and that if experience proves 
that this cable may safely be operated at 220 kv. with the same 
ampere loading, the cost would be reduced to $1.28 per kv-a. 
mile. He mentioned that the cost of 66-kv. solid-insulation 
eable in Cleveland based on 35,000 kv-a. per circuit is $1.62 
per kv-a.-mile. 

J. B. Whitehead spoke of & certain statement made by Mr. 
Clark regarding a descending power-factor voltage curve indi- 
cating a negative ionization coefficient. Mr. Clark had stated 
that the descending curve might have been due to errors in 
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measurement. Dr. Whitehead pointed out, however, that his 
experiments had shown many such curves and that they are 
inherent in perfectly impregnated insulation when the tempera- 
ture is above 40 or 45 deg. He was borne out in this contention 
by R. W. Atkinson. 

W. A. Del Mar pointed out one unusual aspect of the instal- 
lation of this eable,; namely, that the manufacturers concerned 
took such a large part in the engineering work connected with 
installation. In answer to this, Mr. Clark pointed out that the 
manufacturers’ supervision was large because the cable is of a 
new design and he stated that in the future much less help would 
be needed from the manufacturers. 

F. M. Farmer mentioned that the cost of this installation 
might seem high but that, if applied to higher voltages, the 
economic phase would be quite changed, He mentioned, on the 
other hand, that if the principle is demonstrated as sound it 
might mean that possibly the same principle can be applied at 
lower voltages than 132-kv. at considerably less expense. 

C. F. Harding stated that the field of intensity within the 
dielectrie of this cable not only changes with changing voltage 
but is quite different from the ordinary field and is actually in 
rotation. G. B. Shanklin said that he did not believe that eable 
with solid insulation ean ever approach the operating record of 
the oil-filled cable and that from an economic standpoint the 
oil-filled cable will eventually be on equal terms with solid cable 
of the same voltage rating. 

In answering à question K. W. Miller explained that the 
amount of oil which flows into the reservoirs when the tempera- 
ture rises is the sum of the expansion of the oil in the core and 
in the insulation minus the volume resulting from expansion 
of the sheath. 

H. R. Searing pointed out the large condensive reactance of 
this type of cable, mentioning its possible serious effect on voltage 
regulation. 

A. H. Kehoe stated that the New York line was installed at a 
eost within the specified estimates and that he believed that in 
the future these costs will be reduced. D. W. Roper mentioned 
that the cost of the Chicago cable was $1,250,000, including 
conduit, eable, terminal towers, intermediate towers for oil 
reservoirs, Kenotron outfit and a reasonable proportion of 
transformers and terminals. He mentioned that the evacuating 
and impregnating process requires four or five days. The 
maximum nuniber of men working in Chieago was 125, including 
40 engaged in pumping and 10 representatives of manufacturers. 
He pointed out that in both the Chicago and New York lines 
there had never been any electrical failures in the cable or the 
joints. Theonly troubles have been oil leaks. 


Session ON RarLway ELECTRIFICATION AND APPLICATIONS IN 
STEEL MILLS 

The second session held on the afternoon of November 29, 
B. J. Arnold presiding, was devoted to electrical operation of 
railroads, a storage-battery locomotive, mercury are rectifiers 
and synchronous motors for steel mills. "The first paper, entitled 
Illinois Central Suburban Service; First Year of Electric Operation 
in Chicago, was presented by W. M. Vandersluis. In discussing 
this paper A. M. Garrett mentioned that high-speed circuit 
breakers in substations feeding the railroad had opened between 
400 and 500 times in one month and that none had failed to 
operate properly. A. J. Klatte of the Chicago Surface Lines 
stated that, although a decrease might have been expected in his 
company's revenue in the South side of the city following the 
electrification, the reverse has been the ease and the revenue has 
increased on every car line touching, crossing or near the lllinois 
Central. 

The next paper Synchronous Motors for Driving Steel Rolling 
Mills by W. T. Berkshire and H. A. Winne was read by Mr. 
Berkshire. H. V. Putman stated that his company has installed 
a synchronous motor on a cold strip mill which starts under 200 
per cent of normal torque and over 100 per cent pull-in torque. 
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He stated that unity-power-faetor motors are ordinarily cheaper 
than 80 per cent power-factor machines, but this is not true 
of motors having a pull-out torque between 250 and 300 per cent. 
He stated that when no corrective kv-a. is required than a 90 per 
cent power-factor machine represents a desirable compromise. 
A written discussion by B. A. Behrend was read which pointed 
out several considerations which make the synchronous motor 
more desirable than the induction motor for slow-speed, low- 
starting-torque, non-reversible applications. F. C. Hanker 
stated that over 60,000 h. p. of synchronous motors in 38 units 
rated 300 h. p. and above are now used in the metal industries. 
He mentioned the fact that though in some cases a somewhat 
larger synchronous motor may be required to replace an induc- 
tion motor, the cost per kw. of the synchronous machine is 
usually less. He mentioned a recent application of a synchronous 
motor for rolling-mill service consisting of a 4000-h. p., 2200-volt, 
three-phase, 60-cycle, 450-rev. per min. unit for driving a con- 
tinuous billet-roughing mill. 


The next paper, presented by Caeser Antoniono, was entitled 
Operation and Performance of Mercury Arc Rectifier on the 
Chicago, North Shore and Milwaukee Railroad Company. A 
written diseussion by H. M. Hobart was read which among 
other things stated that on account of the heavy load carried by 
the rectifier mentioned in the paper it would appear that the cost 
of this rectifier should be compared with that of a 1500-kw. 
synchronous converter and not with a 1000-kw. converter. He 
stated that from our present understanding of the rectifier it 
would appear that the limiting condition would not be momen- 
tary peak loads as in the case of the converter but sustained 
heavy loads; it may be that while the synchronous converter has 
such limitations for this kind of service (monthly average load 
about 12 per cent of continuous rating), the rectifier may not 
need to be so limited. He pointed out also that the higher 
efficiency of the rectifier substation at larger loads is due ex- 
clusively to the increased transformer efficiency, because the 
rectifier efficiency is nearly constant at all loads. A written 
discussion by W. B. Anderson emphasized the lower building- 
construction costs necessary for rectifier substations than for 
substations built to house rotating apparatus. He stated that 
in a certain substation building which would cost $20,000 for 
converters, $5000 would be saved if rectifiers are installed. In 
mentioning the advantages of the rectifier Mr. Anderson pointed 
out that it is suitable for operation at any frequency and at 
different d-e. voltages. He also questioned Mr. Antoniono’s 
statement that a larger number of auxiliaries are needed for a 
rectifier than for a converter. 


F. D. Newbury urged that a further study be made of the 
fundamentals involved in rectifier operation. He thought it 
unfair to compare efficiencies on the basis of such low load factors 
as mentioned in the paper, stating that it is possible, particularly 
with automatic stations, to have fairly high load factors and that 
in such eases there would be no great difference in efficiency in 
favor of the rectifier. He mentioned also that many large 60- 
eyele converters are operating under severe conditions with 
practically no short circuits. M. S. Oldacre emphasized the 
absence of noise and the ease of cooling the rectifier. A written 
discussion by Sidney Withington called attention to the largest 
installation of mercury are rectifiers thus far made and the one 
instance of an entire city traction load being carried by this type 
of apparatus, namely five single-bowl rectifiers, rated at 1200 
kw. each, recently placed in operation by the Connecticut 
Company in Bridgeport. After several months operation this 
installation has proved that it has numerous and important 
advantages over tne rotary converter. B. G. Jamieson in 
speaking of future requirements made the point that there will 
be need for some satisfactory method of voltage regulation. 
He mentioned also the matter of back-fire and devices for sup- 
pressing it. Alfred Herzal, though agreeing that the rectifier has 
many advantages, mentioned that his company has had very 
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serious trouble from cooling water causing severe cases of 
electrolysis within the rectifier. He suggested the use of oil or 
air as a cooling medium. He stated that back-fire is not more 
serious than flashover in a converter. He also mentioned that 
the ripple in the d-e. output might cause trouble in certain 
instances by interference with communication systems. O. K. 
Marti claimed that back-fire properly controlled can do no harm 
to the rectifier or to the transformer. He pointed out that 
rectifiers developed by his company have no anode heaters and 
no motor generators for excitation as thev are excited directly 
with alternating current. He mentioned that his company has 
developed rectifiers rated as high as 4400 kw. 600 volts. : 

Mr. Antoniono, in commenting on the discussion, stated that it 
is a fact that the rectifier in this ease was expected to do the 
work that the 1500-kw. eonverters are doing in the same section 
of the road. He stated that a 1500-kw. rectifier had been con- 
sidered but that the 1000-kw. unit was the largest the manufac- 
turer could produce when it was bought. He agreed that the 
number of auxiliary devices will be decreased in the future. He 
mentioned that in operation in his company’s stations no pro- 
tective devices had been able to prevent flashovers of eonverters. 
He stated that he had experienced no electrolysis from cooling 
water in his station. 

The next paper Operating Erperience with 125-Ton Storage- 
Battery Locomotive in Chicago Railroad Terminals was presented 
by Edward Taylor. 

SESSION ON POWER SYSTEMS 


Subjects relating to power systems were covered in the third 
technical session on the morning of November 30, at which 
H. B. Gear was presiding officer. The first paper was presented 
by E. C. Williams, the author, and was entitled The Chicago 
Regional Power System. Commenting on this paper Mr. Gear 
pointed out that probably the most important feature is the 
interchange contract described in the paper. J. L. Hecht 
emphasized one of the points illustrated by the paper, namely, 
that having trunk-line interconnections between generating 
centers makes reserve capacity at any point available to the 
entire system. T. G. LeClair pointed out that a limit may be 
reached as to the amount of generating capacity which may be 
tied together and that such a limit is set from the economie 
standpoint by the cost of switeh gear which increases very fast 
as More generating capacity is tied in. One plan of overcoming 
this increasing expense is to develop a system wherein the fault 
current is different from the load current. Such a svstem has 
been developed in Chicago by means of single-phase cables and 
transformers and isolated-phase switching stations. The fault 
currents are thereby limited to single-phase-to-ground faults 
and these currents are minimized by the use of neutral resistors. 

F. C. Hanker mentioned another point in connection with 
circuit breakers and that is that if a fault can be removed from 
one part of a large interconnected system quickly enough to 
prevent phase displacement of another generating unit then the 
load will continue to be supplied without interruption. He 
mentioned that the principle covered by Mr. LeClair was being 
employed by several companies and that the amount of energy 
to be interrupted was limited to a certain value of kv-a. H. L. 
Wallau in commenting on this same thought stated that his 
company will not tie together lines of 100,000 volts and higher. 
All these lines are tied together only on the low-voltage side of 
their transformers. This limits the amount of power that may 
be developed in case of a transient fault and reduces the duty 
on the circuit breakers. B. M. Jones mentioned the necessity for 
careful consideration of contracts when generating centers are 
tied together. 

The next paper The Hall High-Speed Recorder was presented by 
E. M. Tingley. C.I. Hall elaborated on some parts of the paper, 
covering particularly the matter of speed in starting of the record 
and arrangements for recording various special conditions. 
B. G. Jamieson in commenting on the speed of operation of this 
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recorder brought out the need not only for an instrument which 
records very quickly but for a device which will also begin to 
clear a fault in a comparatively short time. In speaking in 
general of high-speed recording equipment F. C. Hanker men- 
tioned the use of a newly developed oscillograph which begins 
operation within five or six cycles after the start of a fault and 
which employs a new type of watt-measuring element. This 
instrument has been of great service during the past two years 
on some of the Pacific Coast systems. 

The next paper The Application of Relays for the Protection of 
Power-Systems Interconnections by L. M. Crichton and H. C. 
Graves was read by the latter author. In commenting on this 
paper H. D. Bradley drew attention to the fact that with the 
ground relay there is & possibility of improper operation unless 
the potential transformers are single-phase. He stated that on 
the 132-kv. eable in New York it was possible to use a directional 
ground relay which he believes ean be set to operate at less than 
100 amperes. L. F. Kennedy brought up the difficulty of pro- 
tecting power transformers used in interconnections, particularly 
where these transformers are of the three-winding type and 
provided with tap-changing arrangements. He stated that 
growing importance should be given to protection against ground 
faults since with the higher voltages more ground faults occur 
than those of any other type and that nearly every short circuit 
eventually goes to ground. He thought that for parallel-line 
operation a balanced hookup with the necessary back-up pro- 
tection provided by over-current relays is probably the most 
desirable scheme on account of its simplicity. F. D. Wyatt 
said that with balanced protection applied to a pair of lines it is 
usually assumed that they have the same impedance character- 
istics but that this is not always the case; when the lines have 
unequal characteristics it is necessary to make proportional adjust- 
ments of the relays. He mentioned malso the possibility of 
induced voltages being applied from external circuits to one of 
a good pair of lines. 

In a written discussion E. E. George mentioned in connection 
with ground-relay protection the necessity for providing good 
current transformers and the advisability of testing them with 
current in one phase only after connections are completed. He 
said that the following were some of the results of operating 
experience which have been obtained by certain companies in 
his part of the country: (1) power-directional relays are of little 
value on interconnected systems; (2) impedance relays are 
reasonably satisfactory; (3) directional ground relays of the 
type using two eurrent elements and conneeted as per Fig. 17 
in the paper under discussion have been remarkably satsifactory ; 
(4) selective differential relavs have been very satisfactory when 
properly set and interlocked; and (5) directional volt-ampere 
relays have given some trouble due to variation in power factor 
relations. 


B. M. Jones in a written discussion said that it has been his 
company's experience that complicated relay schemes are not 
desirable and that the schemes are made as simple and at the 
same time as small in number as possible. He mentioned a 
particular 66;132-kv. tie line on each end of which is installed 
two sets of over-current relays. One set of relays at each end are 
"fast relays" which operate in the case of trouble on the tie line, 
itself. "Theother set are ''slow relavs," which operate for trouble 
outside of the tie line and which are set slow enough to allow the 
relays of the two connected power companies to clear their own 
troubles unless these troubles hold on for a very long time 
in which ease the slow relays break the tie. The ground relavs 
are set fast and operate for trouble on the tie line itself. In 
commenting on this discussion Mr. Graves agreed that the 
setting of relays on complicated systems requires the skill of 
relay specialists. He stated that ground-relay protection, 
alone, is not satisfactory. 

J. F. H. Douglas next presented the paper by himself and E. W. 
Kane, entitled Alternator Characteristics under Conditions 
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Approaching Instability. B. A. Behrend in commenting on this 
paper by letter drew attention to the method which he recom- 
mended, the Potier-Behrend zero-power-factor method for the 
determination of the regulation of alternators. He stated that 
this method through 28 years of use had proved funda- 
mentally correct. He suggested that in designing a genera- 
tor for a long transmission line the natural escillation frequencies 
of the generator and of the system should be made different and 
that this would do much to improve operating stability. He 
agreed that alternators which will give greater stability should 
be built but said that it would be regretable if in striving for this 
end large generators will have to be built again with strong fields 
as they were years ago instead of strong (magnetieally) 
armatures. 

J. Strasser in a written discussion disagreed with the author's 
statement that there should be diffieulty in plotting saturation 
curves at leading power factor from a theoretical standpoint 
and said that he had successfully used the Potier triangle for this 
purpose. He confirmed Mr. Behrend’s statement that power 
stability depends upon the combined characteristics of network 
and generators. M. W. Smith pointed out that except in the 
ease of very large high-speed machines no difficulties have been 
experienced in producing machines for any desired degree of 
stability under leading-power-factor operation. Such machines, 
however, have to be of special design. In commenting on this 
point F. D. Newbury mentioned that in one case approximately 
double stability was obtained at only a 10 per cent increase in 
cost. 

SESSION ON COMMUNICATION 

The last session of the meeting held on the afternoon of 
November 30 covered the subjects of telephone cable, telephone 
toll plant, vacuum-tube voltmeters and vacuum-tube rectifiers. 
With H. L. Hope presiding, the meeting opened with the pre- 
sentation of the paper Recent Developments in the Process of 
Manufacturing Lead-Covered Telephone Cable by C. D. Hart. 
In commenting on this paper Mr. Newbar mentioned that the 
increased number of conductors in a telephone cable has been 
made possible by emploving smaller conductors and thinner 
insulation, which results in increased transmission losses and 
these have been counter-balaneced by improvements in other 
parts of the telephone system, such as transmitter, receiver, 
induction coil, loading coil, amplifier, ete. H. P. Charlesworth 
pointed out that there is now an all-cable route from Boston to 
St. Louis with various branches and that there are long stretches 
of cable in other parts of the country. He pointed out that the 
amplification necessary for telephone transmission is maintained 
on a stable basis, even though the temperature may vary con- 
siderably along the cable. 


The next paper Telephone Toll Plant in the Chicago Region by 
Burke Smith and G. B. West was presented by Mr. Smith. 
G. S. Dring mentioned that a 1000-cycle system of ringing is 
coming into use on the longer toll circuits. This ring has the 
advantage that it is transmitted at practically the same efficiency 
as speech. H. S. Osborne pointed out the necessity for high 
amplification and limitation of distortion in transmission on 
cable circuits. He mentioned the use of voice-current relays for 
suppressing echo currents reflected from the ends of long cables. 

The next paper was entitled A Two-Range, Vacuum-Tube 
Voltmeter and was written by C. M. Jansky, Jr., and C. B. 
Feldman, the former of whom presented it. 


J. H. Kuhlmann next presented the paper The Vacuum-Tube 
Rectifier written by himself and J. P. Barton. II. S. Read in 
commenting on the paper made an interesting eomparison, 
stating that the ordinary sounds whieh we hear, if reduced to 
proportional distanees, would have a range from a half-ineh to 
two-thirds the distance to the sun. C. M. Jansky, Jr., mentioned 
that many of the commercial rectifiers similar to the one deseribed 
in the paper have high internal resistance and consequently poor 
voltage regulation. J. P. Barton stated that the voltage regu- 


Journal A. I. E. E. 


lation in the rectifier described in the paper was approximately 
23 per cent, though he recommended the use of inductances with 
less resistance. He mentioned that one reason for the poor 
voltage regulation of some rectifiers is that the designers do not 
take into account the direct current component which they must 
carry. He mentioned further that the high-voltage transformer 
also should have good regulation. 


INSPECTION TRIPS 


Four very interesting trips of inspection were taken by many of 
these at the convention. These trips were made to view first- 
hand (1) the 132-kv. cable installation of the Commonwealth 
Edison Company, (2) the electrified South Shore Line of the 
Illinois Central Railroad, (3) Crawford Avenue Station of the 
Commonwealth Edison Company and (4) a plant of the Wis- 
consin Steel Company. 


DiNNER DANCE 


A very enjoyable dinner dance was held on Tuesday evening, 
November 29. The only speaker of the evening was C. M. 
Newcomb, who spoke on ‘‘The Psychology of Laughter.” After 
this lecture dancing was enjoyed until a late hour. 


Special Institute Meeting 


A special meeting of the American Institute of Electrical 
Engineers was held at the Drake IJotel, Chicago, on Tuesday 
afternoon, November 29, 1927, at 2:05 o'clock. 


President Gherardi called the meeting to order and stated that 
the purpose of the meeting was to consider the adoption of a 
resolution which had been prepared by the counsel of the Insti- 
tute and approved by the Board of. Directors, authorizing an 
amendment of tle Certificate of Incorporation of the Institute 
with the object of holding the Annual Meeting hereafter during 
the Annual Summer Convention. He thon referred to the 
requirement of the Constitution regarding a quorum for a meet- 
ing of this nature. 


National Secretary Hutchinson reported that a Special 
Committee on Proxies had been appointed by President 
Gherardi, consisting of Messrs. R. F. Schuchardt, Chairman, 
Ralph H. Rice, and H. E. Wulfing, and that this committee had 
presented a report to the President showing that 506 proxies in 
legal form had been received and that these proxies, in addition 
to the large number of members present, more than met the 
legal requirements of & quorum. 


The following resolution as prepared by the Institute's 
counsel was then read, and upon motion of Mr. H. P. Charles- 
worth of New York, N. Y., seconded by Mr. E. B. Meyer of 
Newark, N. J., was unanimously adopted. 

RESOLVED. that the Certiflcate of Incorporation of AMERICAN 


INsrTiTUTE oF ELECTRICAL ENGINEERS be amended by providing that 
paragraph Seventh thereof, now reading as follows: 


"Seventh. "The date for holding its annual meeting shall be the 
third Tuesday of May in each year." 
shall hereafter read as follows: 


"Seventh. The date for holding its annual meeting for the year 
1928 shall be Tuesday, June 26, 1928, and thereafter shall be such 
date as shall be fixed in the By-Laws." 


FURTHER RESOLVED, that the President or a Vice-President and 
the National Secretary or the Assistant National Secretary of the American 
Institute of Electrical Engineers be and they hereby are authorized to 
execute and file a certiticate of such amendment, as provided in Article IV 
of the Membership Corporations Law of the State of New York. 


All the business specified in the call for this special meeting 
having been concluded, the meeting thereupon adjourned (and 
immediately reconvened under the chairmanship of Past- 
President B. J. Arnold, as one of the sessions of the Great Lakes 
Regional Meeting, & report of which appears in this issue). 


F. L. HUTCHINSON, 
National Seeretary. 
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Future Section Meetings 


Cleveland 

Today's Science, Tomorrow's Engineering, by L. A. Hawkins, 
General Electric Co. Electric League Room, Hotel Statler, 
8:00 p. m. January 19. 

Power Plant Development, by C. F. Hirshfeld, Detroit Edison 
Co. Electric League Room, Hotel Statler, 8:00 p. m. Febru- 
ary 16. 

Columbus 

Iluminating Meeting. January 27. 

Modern Trend in Large Generating Apparatus, by F. D. New- 
bury, Westinghouse Electric & Mfg. Co. Film, entitled “From 
Coal to Electricity.” February 24. 


Erie 


Recent Developments in the Art of Communication, by S. P. 
Grace, Bell Telephone Laboratories, Ine. January 17. 

Commercial Aviation, by W. B. Stout, Stout Metal Airplane 
Co. February 21. 

Ithaca 

Traffic in Radio Communication, by F. H. Kroger, Radio 

Corp. of America. January 26. 
Lynn 

Motion picture, entitled “Age of Speed." 
W. Lynn. January 11. 

The Age of Man, by Prof. R. S. Lull, Yale University. Illus- 
trated. Ladies’ Night, Pythian Hall, Market Street, Lynn. 
January 20. 

Hydroelectric Power Developments in the South, by W. E. 
Mitchell, Vice-President, Georgia Power Co. 42 Centre Street, 
West Lynn. February 13. 


New York 


Interconnection of Power Systems, by Alex Dow, President, 
Detroit Edison Co., and Farley Osgood, Consulting Engineer. 
January 13. 


42 Centre Street, 


Niagara Frontier 
Simple Electric Transients and Traveling Waves, by Prof. 
V. Karapetoff, Cornell University. Technical and musical 
program. Ladies invited. January 13. 
Latest Developments of Welding, hy C. L. Ipsen, General 
Electrie Co. February 10. 


Pittsburgh 
Symposium on A-C. Network Systems, by C. T. Sinclair, 
Byllesby Engg. & Management Corp., and H. R. Searing, 
United Electric Light & Power Co. Talk by Bancroft Gherardi, 
National President. January 10. 
The Engineer in Industry, by W. S. Rugg, Vice-President, 
Westinghouse Eleetrie & Mfg. Co. February 14. 
Pittsfield 


Steam Power Stations, by F. S. Collins, Chicago. Stanley 
Club Rooms. January 24. 
"^. Floods and Flood Control, by Dr. Frank Bohn. Masonic 


Temple. February 7. 
Heaviside's Operational Calculus, by Dr. E. J. Berg, Union 
University. Stanley Club Rooms. February 21. 


St. Louis 


Important Small. Materials Used in the Telephone Industry, 
by G. S. Rutherford, Western Electrice Co. January 18. 

Superpower Transmission, by Robert Treat, General Elee- 
tnc Co. February 15. 

Sharon 

Raising the Submarine S-51, by Lieut. Commander Edward 
Ellsberg, U. S. N. Moving pietures. January 7. 

New Developments in Supervisory Control, by R. J. Wensley, 
Westinghouse Electric & Mfg. Co. Moving pictures and 
demonstration. February 7. 
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Vancouver 


Visit to Fire Dispatch Installation. January 10. 
Students’ Night at University of British Columbia. February 7. 


New York Section Meeting on **Inter- 
connection of Power Systems"? 


“Interconnection of Power Systems” will be the subject of the 
January 13, 1928 meeting of the New York Section of the 
A.I.E. E. Two speakers will cover the subject from the follow- 
ing viewpoints: Concerning Utility Connections, by Alex Dow, 
President, Detroit Edison Company, and recently elected 
President of the American Society of Mechanical Engineers; 
Interconnections in the New York-Philadelphia Territory, Farley 
Osgood, Consulting Engineer, New York. The meeting will 
be held jointly with the Metropolitan Section of the A. S. M. E. 
in the Engineering Auditorium, 29 West 39th St., New York 
at 8:15 p. m. Friday, January 13, 1928. 


** Review of Scientific Developments of 1927” 
Before New York Electrical Society 


On the evening of Thursday, January 26, 1928, the members 
of the New York Electrical Society will have the pleasure of 
hearing a “Review of the Scientific Developments of 1927." 
Dr. H. Clyde Snook, now consulting engineer, but for many 
years on the staff of Bell Telephone Laboratories, will give the 
talk. It will be accompanied by many demonstrations for 
which apparatus is now being gathered from scientific centers 
all over the country. This review of the wonders of 1927 is the 
second annual meeting of this type given before the Society 
and from the interest manifested in the 1926 review, it should 
draw a record audience. Dr. Snook combines the master 
showman and gifted speaker, intimately in touch with the 
scientific field. The New York Electrical Society extends an 
invitation to all members of the A. I. E. E. to be present on the 
26th as its guests. The meeting will be held in the Engineering 
Auditorium, 29 West 39th St., New York City at 8:15 p. m. 


A. I. E. E. Nominations 


The National Nominating Committee of the Institute met at 
Institute Headquarters, New York, December 15, and seleeted 
a complete official ticket of candidates for the Institute offices 
that will become vacant August 1, 19025. 

The committee consists of fifteen members, one selected by the 
executive committee of each of the ten Geographical Districts, 
and the remaining five elected by the Board of Directors from 
its own membership. 

Those present were: George H. Ahlborn, Topeka, Kansas; 
C. C. Chesney, Pittsfield, Mass.; A. B. Cooper, Toronto, Ont.; 
H. C. Don Carlos, Toronto, Ont.; O. J. Ferguson, Lincoln, 
Neb.; John B. Fisken, Spokane, Wash.; H. W. Hiteheock, Los 
Angeles, Calif.: B. G. Jamieson, Chicago, Ill.; J. E. Kearns, 
Chicago, Ill.; H. A. Kidder, New York, N. Y.; G. L. Knight, 
Brooklyn, N. Y.; H. P. Liversidge, Philadelphia, Pa.; L. W. W. 
Morrow, New York, N. Y.; Arthur G. Pierce, Cleveland, Ohio; 
W. S. Rodman, University, Va.; and National Seeretary F. L. 
Hutchinson. Mr. C. C. Chesney was unanimously elected 
ehairman of the committee. 

The following is a list of the official candidates: 


FOR PRESIDENT 
R. F. Sehuehardt, Electrical 
Edison Company, Chieago, Ill. 
FOR VICE-PRESIDENTS 
North Eastern District: E. B. Merriam, Engineer, Switeh- 


board Department, General Eleetrie Company, Schenectady, 
N. Y. 


Engineer, Commonwealth 
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New York City District: H. A. Kidder, Superintendent of 
Motive Power, Interborough Rapid Transit Company, New 
York, N. Y. 

Great Lakes District: W. T. Ryan, Professor, Electric Power 
Engineering, University of Minnesota, Minneapolis, Minn. 

South West District: B. D. Hull, Engineer, Southwestern 
Bell Telephone Company, Dallas, Texas. 

North West District: G. E. Quinan, Chief Electrical Engineer, 
Puget Sound Power & Light Company, Seattle, Wash. 


FOR MANAGERS 


A. E. Bettis, Vice-President, Kansas City Power & Light 
Company, Kansas City, Mo. | 

J. Allen Johnson, Electrical Engineer, Niagara Falls Power 
Company, Niagara Falls, N. Y. 

A. M. MaeCuteheon, Engineering Vice-President, Reliance 
Eleetrie & Engineering Company, Cleveland, Ohio. 


FOR TREASURER 
George A. Hamilton, Elizabeth, N. J. (re-nominated). 


The Constitution and By-Laws of the Institute provide that 
the nominations made by the National Nominating Committee 
shall be published in the January issue of the Institute JoURNAL, 
and provision is made for independent nominations as indieated 
below: 

CONSTITUTION 

Sec. 31. Independent nominations may be made by a petition of 
twenty-flve (25) or more members sent to the National Secretary when 
and as provided in the By-Laws: such petitions for the nomination of 
Vice-Presidents shall be signed only by members within the District 
concerned. 

BY-LAWS 

Sec. 22. Petitions proposing the names of candidates as independent 
nominations for the various offices to be filled at the ensuing election, 
in accordance with Article VI, Section 31 (Constitution). must be re- 
ceived by the Secretary of the National Nominating Committee not later 
than February 15 of each year, to be placed before that Committee for the 
inclusion in the ballot of such candidates as are eligible. 

On the ballot prepared by the National Nominating Committee in ac- 
cordance with Article V1 of the Constitution and sent by the National 
Secretary to all qualifled voters during the first week in March of each 
year. the names of the candidates shall be grouped alphabetically under 
the name of the office for which each is a candidate. 

National Nominating Committee 
By F. L. HUTCHINSON, 
Secretary 


Biographical Sketches of Candidates 


FOR PRESIDENT 
R. F. Schuchardt 

Rudolph Frederick Schuchardt was born in Milwaukee, 
Wisconsin, December 14, 1875, and received his early education 
in private and publie schools in that city. He was graduated 
from the University of Wisconsin with the degree of B. S. in 
Electrical Engineering in June, 1897, and was awarded the degree 
of E. E. in 1911. 

During the first year after his graduation, he was employed 
by the Janesville (Wis.) Eleetrie Light and Power Company as 
general utility man, and later by Meysenburg and Badt, Chicago, 
as engineering salesman. Since Julv 1, 1898, he has been with 
the Chicago Edison Company and its successor, the Common- 
wealth Edison Company. He was in the Testing Department 
from November 1899 to November 1906, passing through all 
stages from an assistant to the acting head, which position he 
held for 14 months. In November 1906, Mr. Sehuehardt was 
appointed Engineer of Electrical Construction, and in 1909 he 
was appointed Electrical Engineer of the company, which 
position he still holds. 

While acting head of the Testing Department, he had re- 
sponsible charge of and personally directed all engineering and 
acceptance tests on all station and substation equipment in- 
stalled. In the position which he now holds, he is in charge of 
all eleetrical construction in stations and substations, and has 
done important special work on the complete scheme of system 
protection. 
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He is the author of a booklet entitled ‘‘Panama and the 
Isthmian Canal," and & number of technieal papers on such sub- 
jects as meters, transformer testing, rotary converter substations, 
and the protection of high voltage transmission systems. 

Mr. Schuchardt was elected an Associate of the Institute in 
1903, and was advanced to the grade of Member in 1909 and to 
the grade of Fellow in 1912. He was a Vice-President of the 
Institute for the years 1922-1924. His committee activities 
in the Institute have been as follows: chairman of Power Genera- 
tion Committee 1921-22; and member at various times of the 
Education, Power Generation, Protective Devices, Standards, 
Power Transmission and Distribution, Meetings and Papers, 
Executive, Electrical Machinery, and Law Committees. He is 
still a member of the Law Committee. 

His other society memberships include Institution of Electrical 
Engineers (Great Britain), Western Society of Engineers, Illumi- 
nating Engineering Society, National Electric Light Association, 
Society of American Military Engineers, and American Academy 
of Political and Social Science. He is also a member of Tau 
Beta Pi. 


FOR VICE-PRESIDENTS 


E. B. Merriam 

Ezra Bassett Merriam is Engineer of the Switchboard Depart- 
ment of the General Electric Company. He was born May 21, 
1880, in New Haven, Conneticut. 

He entered the student engineers department of the General 
Eleetrie Company in 1900. After leaving this department, 
Mr. Merriam had charge of outside testing for the Switchboard 
Department. Later he was connected with the designing 
department, having to his credit many patents on circuit inter- 
rupting and switehboard devices, and considerable pioneering 
work in outdoor switching stations. 


Leaving the Switehboard Department as Assistant Engineer, 
in 1917 he was appointed Director of Industrial Relations of the 
Schenectady Works of the General Electric Company, and in 
1922, leaving the factory work, was appointed Executive Engi- 
neer of the Switehboard Department, this department having 
plants in Baltimore, Philadelphia, and Schenectady. In June, 
1927, he was appointed Engineer of the Switchboard Depart ment, 
which position he now occupies. 

Mr. Merriam joined the Institute in 1906, and was transferred 
to the grade of Member in 1923. He has done much useful 
work for the Institute and is now a Director. He was chairman 
of the Schenectady Section in 1911-12. and during recent years 
has served as a member of the Education, Protective Devices, 
Applications to Marine Work, and Law Committees. He is at 
present a member of the last two of these committees as well as 
the Committee on Justruments and Measurements, and is 
Chairman of the Membership Committee. 


H. A. Kidder 


Harry Alvin Kidder is Superintendent of Motive Power of the 
Interborough Rapid Transit Company of New York City. He 
was born in Cambridge, Massachusetts, March 24, 1874. After. 
having operated for several years a number of small steam 
plants in New York City, he entered the Testing Department of 
the General Eleetrie Company in 1903. He was later em- 
ployed as an engineer in the Railway Motor Department of that 
Company, remaining there until 1906 when he went with the 
Interborough Rapid Transit Company as Assistant Electrical 
Superintendent. Appointed Electrical Superintendent in 1914, 
and Assistant Superintendent of Motive Power in 1920, he be- 
came Superintendent of Motive Power in 1921. 

He was elected an Associate of the Institute in 1906, was 
transferred to the grade of Member in 1921, and has served the 
Institute in many capacities, including membership in the 


following committees: Power Generation, Headquarters, 
Standards, Executive, Finance, Coordination of Institute 
Activities, Edison Medal, Transportation, U. S. National 
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Committee, I. E. C., and Special Committees on Institute 
Prizes, Technical Activities, and Contacts with the Public. 
At present he is a member of the first nine committees named 
and Chairman of the Finance Committee. He has been a 
Director since 1925, and was Chairman of the New York Section 
during the year 1925-26. He has been Chairman of the Winter 
Convention Committee and has served as a member of that 
Committee several times. 

Mr. Kidder is a Past-President of the New York Electrical 
Society, a Trustee of the United Engineering Society, and a 
member of the Assembly of the American Engineering Council. 
He is also a member of the American Electric Railway Association. 

W. T. Ryan 


William T. Ryan, E. E., Professor of Electric Power Engineer- 
ing at the University of Minnesota, and Consulting Electrical 
Engineer, was born at Joice, Iowa, February 28, 1882. He isa 
graduate of the University of Minnesota. 

His first vears after graduation were spent with the Westing- 
house Electric and Manufacturing Company at East Pittsburgh, 
Pa. and at Salt Lake City, Utah. In 1907 he went to the Uni- 
versity of Minnesota as Instructor in Electrical Engineering. 
Since 1923 he has been Professor of Electric Power Engineering. 
Since 1921 he has also supervised the valuation of publie utility 
properties for the Minnesota Tax Commission. He has done 
considerable eonsulting work in Minnesota and South Dakota 
during the last 15 years. 

His published writings include three books and about 40 
magazine articles. 

Professor Ryan joined the Institute in 1907, and was trans- 
ferred to the grade of Member in 1912. He has twice been 
Chairman of the Minnesota Section, and now represents that 
Section on the Board of Directors of the Minnesota Federation 
of Architectural and Engineering Societies. In 1923 he was 
President of The Engineers’ Club of Minneapolis and in 1924 
was President of the Minnesota Federation of Architectural 
and Engineering Societies. As President of the Engineers’ 
Club of Minneapolis and later as President of the Minnesota 
Federation, he fostered very effectively the idea of engineers 
taking a much greater part in civic and public affairs by giving 
their service to and cooperating with the various civie bodies, 
and City and State departments. 


His other memberships include Sigma Xi, Tau Beta Pi, 
Eta Kappa Nu, Society for the Promotion of Engineering 
Education, and National Electric Light Association. He is 
also a member of a number of local organizations and several 
important committees. 

B. D. Hull 


Blake D. Hull was born at Galesburg, Michigan, September 
12, 1882. Soon thereafter, his parents moved to Delphos, 
Kansas. at which point he received his grade and high school 
education. He entered the University of Kansas in 1900, 
taking some special courses in economies and civil engineering, 
finishing in 1905 with a Bachelor of Science degree in electrical 
engineering. 

In July of 1905, he entered the Engineering Department of the 
Bell Telephone Company at Kansas City, and has been with 
that Company in engineering work of various kinds sinee that 
date. 

In 1912 he was transferred to the general staff at St. Louis 
and in 1926 to Dallas, Texas, where he is now in charge of all 
engineering work for the Bell properties in the State of Texas. 


In loeal Institute work he has taken a productive part. He 
became an Associate in 1915 and a Member in 1926. While 
serving as chairman of the St. Louis Section in 1924-25, he was 
made chairman of the Spring Convention held in that city in 
1925. and directed & very suecessful meeting. 

His other memberships include the Institute of Radio Engineers 
and local organizations. 
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George E. Quinan 

George E. Quinan, Chief Electrical Engineer, Puget Sound 
Power and Light Company, Seattle, Washington, was born in 
Chicago in 1878. After graduating from the University of 
California in 1903, he was employed by the Washington Water 
Power Company on construction work, later doing similar work 
for the Tacoma Railway and Power Company. In 1907 he 
became Assistant Superintendent of that company. In 1911 
he was made Operating Superintendent of the then Seattle 
Electric Co., later the Puget Sound Traction, Light, and Power 
Company, and in 1915 was engineer in charge of electrical and 
mechanical engineering in the Seattle District, finally reaching 
his present position of Chief Electrical Engineer. Mr. Quinan 
joined the Institute in 1918 and was transferred to the grade of 
Fellow in the same year. He has served on the Safety Codes and 
the Membership Committees. During the administrative year 
1919-20 he was Chairman of the Seattle Section. 


FOR MANAGERS 
A. E. Bettis 

Alexander E. Bettis was born at Kansas City, Missouri, 
December 16, 1885. After graduating from a manual training 
high school, he was a student in the electrical and structural 
engineering courses of a local night school for four years. 

He has been emploved by the Kansas City Power and Light 
Company and its predecessor, the Kansas City Eleetrie Light 
Company, since 1905, having held responsible and supervisory 
positions in the Construction, Engineering, Designing and 
Operating Departments. In 1916 he beeame General Superin- 
tendent, and in 1924 was elected a Vice-President of the Company 
and placed in eharge of engineering, eonstruetion, and operation, 
whieh position he still holds. 

Mr. Bettis supervised extensive changes in the distribution 
system of the Kansas City Power and Light Company and the 
development and application of automatic substations for supply- 
ing power to street railways. 

He joined the Institute in 1922, and was transferred to the 
grade of Member in 1924 and to the grade of Fellow in 1926. 
He has been & Vice-President sinee 1926. 


J. Allen Johnson 


Joseph Allen Johnson was born at Northboro, Massachusetts, 
June 21, 1832, and received his early education in the schools of 
that town. He was graduated from the Worcester Polytechnic 
Institute with the degree of B. S. in Electrical Engineering 
in 1905. 

From 1905 to 1912, he was employed as junior engineer in 
electrical engineering work by the Ontario Power Company of 
Niagara Falls. He was appointed Electrical Engineer of this 
Company in 1912 and placed in charge of all electrical design and 
engineering. In 1917 he was appointed Assistant Engineer of 
the Hydroelectric Power Commission of Ontario, but still re- 
tained his other position, and in 1918 he was appointed Electrical 
Engineer of the Cliff Electrical Distributing Company and 
Hydraulic Power Company of Niagara Falls, N. Y., and placed 
in charge of electrical design and new projects. With the 
consolidation of these companies and the Niagara Falls Power 
Company to form the Niagara Falls Power Company in 1918, 
he became Electrical Engineer in charge of all electrical design 
and engineering. 

Mr. Johnson has contributed a number of important teehnieal 
papers on such subjects as excitation and voltage control, 
reactors in hydroelectric stations, fire protection in a-e. genera- 
tors, retardation method of loss determination, ete. He. was 
awarded the Best Paper Prize, District No. 1, 1926, for his paper 
entitled '"The Retardation Method of Loss Determination as 
Applied to the Large Niagara Generators." 

He joined the Institute in 1907, and was transferred to the 
grade of Fellow in December 1927. He has served as a member 
of the Electrochemistry and Electrometallury, Electrical Ma- 
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chinery, and Protective Devices Committees, being still a member 
of the latter and chairman of its subcommittee on Lightning 
Arresters. He was the organizer and first chairman of the 
Niagara Frontier Section and served in that capacity from the 
date of its organization, February 10, 1925, to July 31, 1926. 

He is also a member of the National Electric Light Association 
and the American Electrochemical Society. 


A. M. MacCutcheon 

Alexander M. MacCutcheon, Engineering Vice-President of 
the Reliance Electric and Engineering Company of Cleveland, 
Ohio, was born at Stockport, New York, December 31, 1881. 
He was graduated from the Albany State Normal College 
in 1901, and taught mathematies and science in high schools 
until 1904, when he entered Columbia University. He was 
graduated in electrical engineering in 1908. 

While employed by the Crocker-Wheeler Company, 1909-1914, 
he was successively in charge ‘of engineering estimates, all 
estimates and proposals, and the drafting room, and also spent 
several months on alternator design. In 1914, he took charge 
of all new design work for the Reliance Electric and Engineering 
Company. He was appointed Chief Engineer in 1917, and in 
the fall of that year entered the U. S. Navy. At the time of his 
release in 1919, he was Lieutenant in eharge of fire control on 
the U. S. S. Louisiana. After returning to his former position 
early in 1919, he was elected a Director of the Company in 1920, 
and appointed Vice-President in eharge of Engineering in 1923. 

Mr. MaeCutcheon joined the Institute in 1912, and was trans- 
ferred to the grade of Member in 1915 and to the grade of Fellow 
in 1926. His committee activities in the Institute include the 
following: Chairman of Committee on General Power Appliea- 
tions; member at various times of General Power Applieations, 
Standards, Electrical Machinery, and Membership Committees; 
present member of all these except Membership; and present 
Chairman of the Direct Current Motors and Generators 
Subcommittee of the Electrical Machinery Committee. He was 
a member of the 1916 Annual Convention Committee, has been 
chairman of several committees of the Cleveland Section, and 
was Chairman of the Section in 1920-21. 

For a number of years Mr. MacCutecheon has been active in 
the work of the Association of Iron and Steel Electrical [Enei- 
neers, and has delivered 13 papers before this Association. 


FOR TREASURER 

George A. Hamilton 
Mr. Hamilton, a charter member of the Institute and its first 
Vice-President, 1884-56, has served as National Treasurer since 
1895. A biographical sketeh was published on page 1306 of 

the December, 1927, issue of the JoURNAL. 


A. I. E. E. Directors’ Meeting 


The regular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at Institute head- 
quarters, New York, on Friday, December 16, 1927. 

There were present: President B. Gherardi, New York; 
Vice-Presidents H. M. Hobart, Schenectady, B. G. Jamieson, 
Chicago, G. L. Knight, Brooklyn, N. Y., O. J. Ferguson, Lincoln, 
Neb., J. L. Beaver, Bethlehem, Pa., A. B. Cooper, Toronto; 
Managers J. B. Whitehead, Baltimore, M. M. Fowler, Chicago, 
H. A. Kidder, New York, I. E. Moultrop, Boston, II. C. Don 
Carlos, Toronto, F. J. Chesterman, Pittsburgh, F. C. Hanker, 
Sharon, Pa., E. B. Meyer, Newark, N. J.; National Seeretary 
F. L. Hutchinson, New York. 

The minutes of the Directors’ meeting of October 19, 1927, 
were approved. 

Actions taken at meetings of the Board of Examiners held 
November 2 and December 14, 1927, were approved. Upon 
the recommendation of the Board of Examiners the following 
actions were taken: 540 Students were ordered enrolled; 90 
applicants were elected to the grade of Associate; 7 applicants 
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were elected to the grade of Member; 1 applicant was reinstated 
to the grade of Fellow. 

The Board ratified the approval by the Finance Committee 
for payment, of monthly bills amounting to $46,203. 

In accordance with Section 22 of the Constitution, the follow- 
ing were made ‘‘Members for Life" by exemption from future 
payment of dues: Paul T. Brady, Reginald Gordon, W. M. 
Morday, and M. T. O’Dea. 

Suggestions adopted at the conference of Section Delegates 
held during the Summer Convention, in June 1927, were con- 
sidered; and upon the recommendation of the Committee on 
Coordination of Institute Activities, the following actions were 
taken: 

l. That Sections be encouraged to enroll local members, not 
limited to engineers, but to include any persons interested in the 
application of engineering to the advancement of the public 
welfare—with the provision that it be understood that while we 
would urge that anv one in the local membership who is eligible 
should be encouraged to join the Institute, nevertheless, it was not 
the primary purpose in forming local membership to afford a 
classification for those who are eligible for the society, but 
rather for the general public who are not eligible. nae 

2. That approval be given to the suggestion that each District 
Executive Committee develop a plan whereby each Section in 
the District shall be assisted in securing one or more prominent 
speakers each year, with the understanding that the Distriet 
Exeeutive Committee will have the constant. encouragement 
and eooperation of Headquarters. 

3. To approve the recommendation that Section programs 
and portions of national and regional meetings that are of 
interest to the general publie and which will contribute to a better 
publie appreciation of the services rendered by the engineering 
profession, be broadcast, whenever practicable. l 

4. That the Sections Committee be charged with the re- 
sponsibility of putting these plans into effect, with the coopera- 
tion of the Committee on Coordination of Institute Activities. 

Approval was given to the dates, May 9-11, 1928, for the New 
Haven (Conn.) Regional Meeting. 

Upon the recommendation of the Finance and Sections Com- 
mittees, authorization was given for the extension of territory 
of the San Francisco Sections to include the counties of Merced, 
Madera, Monterey, San Benito, and Fresno, as requested by the 
Section and by the members in those counties. 

The publication Committee presented a recommended policy 
covering Institute publications, drawn up after consideration of 
the comments that had been received regarding proposed changes 
in poliey whieh had been published in the November JOURNAL. 
The Board adopted the recommended policy, which is printed 
elsewhere in this issue. 

The following amendments to the by-laws were adopted: 


Section 14.—- 

The following sentence added: 

“A resignation re-eived after June first but prior to the 
expiration of the first quarter of the tiscal vear, shall involve 
payment of only the dues for that quarter, this consideration 
to be extended to non-resident members until November 
first.” 

Section 25.— 

Old Section eancelled and the following substituted: 

"There shall be three national conventions of the Institute 
each vear, namely, the Winter Convention, the Summer 
Convention, and the Pacifie Coast Convention, with sueh 
other additional national meetings as may be authorized 
from time to time by the Board of Direstors, the location 
and dates of all national meetings to be determined by the 
Board of Dire-tors." 

Sertion 31A.-— 

Se^tion added as follows: 

“To facilitate cooperation among the Student Branches 
there shall be a Committee on Student Activities in each 
Geographical District, consisting of the Vice-President, 
District Secretary, and the Counselors of all Branches 
within the District. The Committee shall elect one of the 
Counselors as its Chairman, and may elert such other otficers 
as it deems desirable.” 

Section 46.— 

Section changed to read as follows: 

‘The expenditures for transportation of Section delegates, 
as referred to in the Constitution, and for all other Com- 
mittees or activities for which a similar appropriation shall 
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be provided by the Board of Directors, shall be paid from 
the Institute treasury at the rate of ten cents (10e.) per mile, 
one way, from the place of residence to the meeting place.” 
Section 47.— 
. The word ''Summer' substituted for the word ''Annual" 
in the first sentence. 
Sections 64 and 97.— 
*“ TRANSACTIONS’ substituted for ‘‘annual TRANSACTIONS.” 
Section 77.—and various other Sections. 

Wherever a reference is made to ‘‘Annual Convention," 
the word ''Annual" cancelled and the word ''Summer'" 
substituted. 

Section 95.— 

The first sentence of this Section ehanged to read as 
follows: 

“The National Secretary is authorized to receive annual 
subscriptions to the monthly JouRNAL at the rate of $10.00 
per annum with an extra postage charge sufficient to cover 
the mailing cost to all countries to which the bulk rate of 
postage does not apply.” 

In accordance with the recommendations of the Standards 
committee, the following actions were taken. 

(1) Approved report dated August 1, 1927. of Sectional 
ree E nee on Insulated Wires and Cables for submission to the 

(2) A ; proved Standards for Industrial Control Apparatus 
as rovised by the Seetional Committee on Standards for In- 
dustrial Control Apparatus, in April 1927. 

(3) Approved report, dated June 22, 1927, of the Sectional 
Committee on Rating of Electrical Machinery on the revision 
of the rating paragraphs of Standards Nos. 5 and 7. 

Approved recommendation that the Sectional Committee on 
Rating of Electrical Machinery be discharged if and when the 
material covered by its report (the rating sections of Standards 
Nos. 5, 7, and 9) has been approved by the A. E. S. C. as Ameri- 
ean Standard. 

(4) Approved revisions of Standard No. 7 made by the 
Sectional Committee on Rating of Electrical Machinery and the 
Sectional Committee on Alternators, Synchronous Motors, 
and Synchronous Machines in General. 

The Board voted sponsorial approval of certain editorial 
revisions of the report on Mathematical Symbols, prepared by 
the Sectional Committee on Scientific and Engineering Symbols 
and Abbreviations, and previously approved by the Board for 
submission to the American Engineering Standards Committee. 


Approval was given to the admission of the Cast Iron Pipe 


Research Association to membership in the American Engineer- . 


ing Standards Committee. 

Upon the request of the Research Committee, the following 
resolution was adopted: 

Wuereas, Engineering Foundation in its desire to encourage 
and promote rimental research in the fields of engineering, 


has expressed willingness to consider applications from individuals 
for financial assistance in such work, and 


Wuereas, Engineering Foundation has asked that the experi- 
mental problems in view first be submitted to one of the Founder 
Societies for the endorsement of its importance, and 


Wuereas, Professor John B. Whitehead of the Johns Hopkins 
University, as chairman of the Committee on Electrical Insula- 
tion, Division of Engineering and Industrial Research, National 

h Council, has made an extended study of our present 
knowledge of dielectric behavior and of electrical insulation, 
and is now conducting a research in this field, under a grant from 
Engineering Foundation, and has made substantial progress 
therein, therefore be it 

Resotvep: That the American Institute of Electrical Engi- 
neers regards the phenomenon of dielectric absorption as of great 
importance in its beeriüg on the properties of electric insulation, 
and endorses it as a promising problem for experimental attack; 
and be it further 

REesorLvEDp: That the Institute requests the Foundation to 
make an a Pd and to continue its financial support of 
the research in this field now being conducted bv Professor White- 
bead, Fellow A. I. E. E., and under the auspices of the Research 
Committee of this Institute. 


Mr. Edward D. Adams was reappointed a representative of the 
Institute on the Library Board of the United Engineering Society 
for the four-year term commencing January 1, 1928. 

Other matters of importance were discussed, reference to which 
may be found in this and future issues of the JOURNAL. 
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Edison Medal Awarded to William D. 
Coolidge 


The Edison Medal has been awarded by the Edison Medal 
Committee of the American Institute of Electrical Engineers 
to Dr. William D. Coolidge, ‘‘for his contributions to the in- 
candescent electric lighting and the X-ray arts.” 

The Edison Medal was founded by associates and friends of 
Mr. Thomas A. Edison, and is awarded annually for ‘‘meritorius 
achievement in electrical science, electrical engineering, or the 
eleetrieal arts." by a committee consisting of twenty-four 
members of the American Institute of Electrical Engineers. 

The following engineers and scientists have been recipients of 
the medal: Elihu Thomson, Frank J. Sprague, George Westing- 
house, William Stanley, Charles F. Brush. Alexander Graham 
Bell, Nikola Tesla, John J. Carty, Benjamin G. Lamme, W. L. R. 
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WILLIAM Davip COOLIDGE 


Emmet, Michael I. Pupin, Cummings C. Chesney, Robert A. 
Millikan, John W. Lieb, John White Howell, and Harris J. Ryan. 

William David Coolidge, assistant director of the research 
laboratory of the General Electric Company, and physical chemist, 
was born at Hudson, Massachusetts, October 23, 1873, the son 
of Albert Edward and M. Alice Coolidge. Dr. Coolidge is a 
graduate of the Massachusetts Institute of Technology, B. S., 
1896, and of the University of Leipzig, Ph. D., 1899. He has been 
assistant in Physics, instructor in Physical Chemistry and 
assistant professor of Physico-chemical Research of the Mas- 
sachusetts Institute of Technology. Dr. Coolidge became 
associated with the General Electrie Company in 1905 and 
was made assistant director of the research laboratory in 1908. 
He was awarded the Rumford Medal, 1914; Howard N. Potts 
Medal, 1926; Louis Edward Levy Medal, 1926; Hughes Medal, 
(Royal Society, London) 1927. Dr. Coolidge is a member of the 
American Associat'on for the Advancement of Science; American 
Chemical Society; American Electrochemical Society; American 
Physical Society; American Institute of Electrical Engineers; 
American Academy of Arts and Sciences; Washington Academy 
of Seienees. He is an honorary member of the American 
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Roentgen Ray Society; American Radium Society; Radiological 
Society of North America; Roentgen Society (of England); 
Societe de Radiologie Medicale (of France) and Nordick Foren- 
ing for Medicinsk Radiologi. 


Washington Award Presentation 
February 2, 1928, Chicago 


The Washington Award, an honor ‘‘to be annually presented to 
an engineer whose work in some special instance or whose 
services in general have been noteworthy for their merit in pro- 
moting publie good," is administered by a committee composed 
of representatives of the Western Society of Engineers, through 
which it was founded, and the four national engineering societies. 

The Award for the year 1928 is to be conferred upon Doctor 
Michael I. Pupin, Past President of the Institute. The presenta- 
tion will be made at a joint meeting of the five societies interested 
to be held in the Palmer House, Chicago, at dinner on the evening 
of February 2. 

Doctor Max Mason, President of the University of Chicago 
and a fellow scientist, will make an address on ‘“Pupin, the 
Seientist." President Gherardi will speak of the commercial 
application of Pupin’s work and the presidents of the other 
societies are expected to touch upon his contributions to the 
advancemet of human progress froin the angle of the engineer 
and the layman. . 

It is expected that a very large number will attend this unique 
meeting as the members of all five societies are, of course, invited. 
Because of Dr. Pupin's place in the Institute, none of its mem- 
bers living in or near Chieago will wish to miss this interesting 
occasion. 


Regional Meeting in St. Louis 


The second regional meeting of the Southwest Distriet of 
the Institute will be held in St. Louis, Mo., on March 7, 8 and 9. 
Arrangements are going forward for the meeting and details 
of the program will be announced in the February issue of the 
JOURNAL. The general committee in charge is as follows: 
Chairman, A. E. Bettis, Vice-President in 7th District A. I. E. E.; 
Vice-Chairman, L. F. Woolston; Secretary, Henry Nixon; 
A. E. Allen, R. L. Baldwin, Chris Kraft, H. E. McDowell, 
W. H. Millan, G. H. Quermann, L. P. VanHouten and P. M. 
Weinbach. 
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THE ANNUAL MEETING 

The Annual Meeting of the Assembly of American Engineering 
Couneil will be held in Washington, D. C., January 10, 1928. 
The Administrative Board for 1927 will hold its last meeting 
the afternoon of January 9th. The Mayflower Hotel will be 
the headquarters for the Meeting. "The Annual Dinner of the 
Council will be held on the evening of January 10th. The honor 
guest and prineipal speaker this year will be Sir Esme Howard, 
Ambassador from Great Britain to the United States. Many 
other notables will be present. All meetings held under the 
auspices of American Engineering Council are open to the publie, 
and especially are all members of member-organizations invited 
to attend. 


SPECIAL WORK ON FLOOD CONTROL 


To aid in solving the problem of flood control, the American 
Engineering Council will urge Congress to authorize an inventory 
of water resourees of the United States under the direetion of 
the Geologieal Survey, as announced by Dexter S. Kimball, Dean 
of, Cornell University and President of the Council. It is believed 
that only by the assembling of complete data ean safety to life 
and property be assured, and the question will be one of impor- 
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tance to be discussed at the coming annual meeting of the Council, 
January 10-11, 1928 at Washington, D. C. 

Reorganization of the Department of the Interior to ac- 
eomplish centralization under engineering supervision for large 
publie works will be diseussed and & program of action for 1928 
adopted. 


War Memorial to American Engineers 


The Committee of engineering societies on the War Memorial 
to American Engineers has just announced that the clock and the 
carillon for the tower of the new Louvain Library will be made a 
memorial to all engineers of the Un'ted States who gave their lives 
in service for their country or its allies at home, overseas or on the 
seas, in any branch of service in the great war from 1914 to 1918. 
The Committee seeks information of all such men so that their 
names may be suitably recorded in this honor roll. 

The Committee further announees that on the advice of its 
earillon architect, Mr. Frederick C. Maver, who is also organist 
of the West Point Military Academy, the compass of the Louvain 
carillon has been increased from three to four octaves. It will 
thus have forty-eight bells and be at least the equal of the 
famous old carillon at Malines, Belgium, which for many years 
has been the finest in Europe,—indeed the finest any where in the 
Eastern Hemisphere, the standard of carillon excellence. 

To assure the excellence of the musical quality of the Louvain 
bells and the mechanical perfection of the playing mechanisms, 
the Committee has awarded the contract for the clock and the 
earillon to Gillett & Johnston, of Croydon, England. This firm 
made the carillon for the Victory Tower of the Parliament Houses 
in Ottawa, at present the finest carillon in the Western Hemi- 
sphere, and the carillon in the Tower of the Graduate School of 
Princeton University. It is also producing the great carillon 
for the new Baptist ehureh on Riverside Drive at 122nd Street, 
New York, being given by Mr. John D. Rockefeller, Jr. as & 
memorial to his mother. This earillon is to have more than a 
hundred bells and its largest bell, recently cast at Croydon, 
weighs 20 tons. 

It is stated by the architect, Mr. Whitney Warren, of New 
York, that it is now expected that the Library building, the clock 


and the carillon will be ready for dedication July 4th, 1928. 


The Louvain memorial continues to win approbation,without 
dissent. That it will be acceptable to our Belgian comrades is 
made beautifully clear by the following letter dated 22nd Novem- 
ber 1927, from the Reetor of the University of Louvain: 

(Translation) 
Official acceptance of War Memorial by University of Louvain. 


Louvain, 22nd November 1927 
To Mr. Edward Dean Adams, Chairman, 
Committee of the Engineering Societies of New York. 
Dear Mr. Adams: 

It is with deep thankfulness that the academic authorities of the Uni- 
versity of Louvain accept the gift which the American Societies of Civil 
Engineers, Mining Engineers, Mechanical Engineers and Electrical 
Engineers, will make to this University of a clock with four dials and a 
carillon of three octaves of thirty-six bells, to be placed in the tower of our 
new Library. 

When we saw you plant on the 28th June in Heverle Park four seedlings 
of California redwood, we greeted with emotion, in those young trees, sym- 
bols of the interest borne by the engineering socicties for our country and 
our Alma Mater. These trees will grow! In this again are they the 
symbol of the comradeship with which you honor us, since this comradeship, 
which was expressed at first by your presence at our celebration. has 
developed in five months to the point of manifestation by a truly royal gift. 

Yes, may the bells of the carillon of Louvain soon sing, together with the 
glory of the American engineers who died on the field of honor during the 
great war, the generosity of the American engineers of 1927! That song 
will awaken for years to come the gratitude of the people of Louvain to 
those to whom they owe restoration from the disaster which they suffered 
in 1914, and, at the same time, they will remind and inspire themselves to 
imitate the examples of those American engineers who have carried their 
country to so great prosperity. 

Condescend to accept, dear Mr. Adams, with the tribute of my deep 
gratitude, that of my highest respect. 

P. LADEUZE, 
Rector of the University 


Jan. 1928 


Midwest Power Conference, February 14-17 


The third annual Midwest Power Conference will be held at 
the Hotel Stevens, Chicago, February 14 to 17. There will be 
sessions on many live topies and & number of the country's 
highest authorities will speak. The subjects include the following: 

Power Accomplishments in Factory and Home. 

The Relation of Power Development to Flood Control and 
Other River Problems. 

Economics of Power Stations. 

Fuel, Combustion, etc. 

Electrical Transmission. 

The annual banquet will be held on February 15 and inspection 
trips will be made on February 16. 

All sessions will be open to interested engineers. Further 
information may be obtained from G. E. Pfisterer, Secretary, 
Midwest Power Conference, 930 Monadnock Building, Chicago, 
Ill. 
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A TYPICAL LARGE-SCALE INVESTIGATION 


The Engineering Foundation aims to undertake the class of 
researches that individuals, industrial organizations, colleges, 
and governmental bureaus are not likely to choose. Certain 
much-needed fundamental investigations can best be initiated 
or organized by such an institution as the Foundation. Great 
eare is taken not to infringe on ground that can best be explored 
by spontaneous, individualistic effort. 

An excellent example of the kind of large-scale research 
properly suited to the Foundation is the Arch Dam Investigation. 
This was taken up in response to requests from engineers in the 
far West. Among the agencies which cooperated in attacking 
this problem were the states of California and Oregon, the 
United States Bureau of Reclamation, the Bureau of Standards, 
the City of San Francisco, the County of Los Angeles, many 
power companies, four engineering colleges, engineers both in 
this and foreign countries, several bankers, and many manu- 
facturers of equipment and materials. Ingenious tests are 
being made on a celluloid model of the Stevenson Creek Dam 
one-fortieth the size of the concrete dam. The results of these 
tests at Princeton University confirm remarkably the measure- 
ments on the largedam. Tests of large models of the Stevenson 
Creek Dam and of several other forms of arch dams are being 
undertaken in the laboratory of the University of Colorado at 
Boulder, under the patronage of the U. S. Bureau of Reclamation 
which has its principal engineering office at Denver. 

No arch dam,—at least none built under engineering super- 
vision—has been known to fail, although some have been built 
very thick and others surprisingly thin. 

Although American engineers are famed for their faith in 
*'figurability" of design, they tend to build unnecessarily heavy 
structures in order to be on the safe side. 

Engineering needs just such stimuli to unify and arouse its 
cooperative spirit and to strengthen its bonds with the industries, 
the universities, the technical bureaus of government, and the 
endowed laboratories. 


"meittitibben 


P. B. McDona.p 


Engineers Present Holland Tube Scroll 


A ceremony of presentation of interest to all professional 
engineers of the country was held in New York Tuesday, 
December 13, at the Administration Building of the Holland 
Tunnel. the new traffie artery under the Hudson Hiver from 
New York to New Jersey. The four National Engineering 
Societies were represented at this ceremony by Col. Willard 
T. Chevalier, member of the board of direction of the American 
Society of Civil Engineers and managing director of Engineering 
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News-Record. On their behalf, he presented to the chairman of 
the New York State Bridge and Tunnel Commission and the 
New Jersey Interstate Bridge and Tunnel Commission a beauti- 
fully engrossed, hand-illuminated parchment memorializing the 
achievements of Clifford M. Holland, the first Chief Engineer, 
and of Milton H. Freeman, his co-worker and successor, both 
of whom sacrificed their lives to the gigantic task. Ole Singstad, 
the present chief and an important factor in the designing and 
construction of the tunnel since its inception, was also included 
in the scroll. Col. Chevalier’s speech of presentation was, in 
part, as follows: 


“We are met today in behalf of the four National Engineering 
Societies, The American Society of Civil Engineers, the American 
Institute of Mining and Metallurgical Engineers, the American 
Society of Mechanical Engineers and the American Institute of 
Electrical Engineers,—which, in turn, represent more than fifty- 
seven thousand professional engineers—and we come to express 
the appreciation of a profession for exceptional recognition 
extended by you to those of its members who have served you 
in the accomplishment of your unprecedented task: 


e 
Appreclating the tributes paid to the skill and devoted service of 


CLIFFORD M. HOLLAND, MILTON H. FREEMAN 
and OLE SINGSTAD 


Chief Engineers of the Holland Vehicular Tunnel, and to their 
engineering assistants, 


upon the occasion of the formal opening of the tunnel on November twelfth, 
nineteen hundred and twenty-seven, and especially appreciating the 
naming of the tunnel after Mr. Holland and the East Plaza after Mr. 
Freeman and Executive Offlcers of the Above named National Engineering 
Societies, in behalf of the membership of these societies, some fifty-seven 
thousand in number, hereby express in turn their appreciation to the 
members of 

THE NEW YORK STATE BRIDGE AND TUNNEL COMMISSION 

and 


THE NEW JERSEY INTERSTATE BRIDGE AND TUNNEL 
COMMISSION 


of the recognition accorded the engineering profession in this enterprise 
80 signiflcant in its technical phases and in its economic and social aspects. 


Metric Standards Urged at Pacific 
Conference 


Calling upon Congress to adopt the decimal metric weights and 
measures in the United States, the Pan-Pacifie Standardization 
Conference met recently in San Francisco during the Pacific 
Trade and Travel Exposition. A series of round table discussions 
were held, at which reports were presented from Japan, Australia, 
Mexico and South America, indicating a worldwide trend to the 
metric units. 

"It is manifest that the future trade of the Pacific is to be 
largely upon the metric basis," declared Calvert E. Hydes at 
the final session, “‘and it is urgent that the United States shall 
unify its commerce on these unvarying standards likewise. 
Already, the Philippines, Japan, Siberia, Indo-China, the Dutch 
Indies, Siam, French Oceania, Mexico, the Central American 
Republics, Colombia, Ecuador, Bolivia, Peru and Chile are 
among the Pacific countries on the metric basis. The Orient 
has definitely decided upon metrie units and has rejected the 
so-called English units. China, for instanee, is making rapid 
progress in adoption of the metric standards." 

Endorsement was given to the Britten-Ladd Metric Standards 
Bill which will be introduced on the first day of the new Congress, 
providing for gradual establishment of metrie measures in 
merchandising throughout the United States. 

It was stated by speakers at the standardization conference 
that all eivilized nations exeept the United States and the 
British Commonwealths are now using metrie weights and 
measures, and that British units are largely different from those 
used in the United States. Metric standardization, it was 
prophesied, will soon be complete. 
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National Exposition of Power and 
Mechanical Engineering 


The Sixth National Exposition of Power and Mechanical 
Engineering exceeded all expectations. As a record of progress, 
in diversity and interest of exhibits, as well as attendance, this 
exhibition far outstripped preceding events. During the week 
of December 5th through the 10th, the Grand Central Palace 
received over 110,000 visitors. 


Annual Meeting of Civil Engineers 


Many engineers are looking forward to the pleasure of attend- 
ing the 1928 Annual Meeting of the American Society of Civil 
Engineers to be held January 18-20, 1928. The official program 
already sent in dicates the usual attractive featu res of these yearly 
gatherings. | 

The eustomary business meetings, reports, technieal division 
meetings, luncheon, and smoker are on the program. Of special 
interest will be the award for the first time of the Hering Medal. 
For sentimental reasons this ceremony should have special 
significance. 

The customary social events will provide the necessary inter- 
lude between the technical sessions. A special program has 
been prepared for the ladies. 

Those who customarily enjoy the annual sessions need no 
urging to insure their presence. 


McGraw-Hill Company Executives Confer 
With Institute Officers 


Upon the invitation of Mr. James H. MeGraw, President of 
the McGraw-Hill Publishing Company, the officers and Directors 
of the Institute who attended the Directors’ Meeting on Friday 
morning, December 16, were guests at a luncheon at the Engi- 
neers’ Club on that day, followed by aninspection of the McGraw 
Company's large modern plant. The Institute officers who 
attended included President Gherardi; Vice-Presidents Ferguson, 
Hobart and Jamieson; Managers Don Carlos, Fowler, Hanker, 
Kidder, Meyer, Moultrop and Whitehead; and National Secre- 
tary Hutchinson; those present from the McGraw-Hill organiza- 
tion included many members of the executive and editorial 
departments. 

Following the visit to the plant, including the printing, 
binding, type-setting and other departments necessary for the 
production of the numerous periodicals and other publications 
of the McGraw Company, the whole group with the addition 
of a considerable number of members of the editorial depart- 
ments of the McGraw-Hill Company's various publications which 
include The American Machinist, The Engineering News Record, 
The Engineering and Mining Journal, Power, The Electrical 
World, The Electrical West, The Electric Railway Journal, and 
several others, held a conference. President McGraw, in out- 
lining the object he had in mind in arranging for the event, 
said that as the general objects of both the McGraw Company 
and the Institute were identical; namely, the advancement of 
electrical and other industries and the maintenance of a 
high standard of engineering,—and as the two organizations had 
found many ways to cooperate actively in the past, he believed 
it desirable that each should keep fully informed of the activities, 
the organization and the methods of the other, with the object 
of possibly discovering still further opportunities for cooperation. 

National Secretary Hutchinson outlined briefly the aims of 
the Institute, the national, district and local organizations, and 
the methods used in carrying on the various activites. President 
Gherardi spoke upon the future of the Institute and the electrical 
industry, stating that there was every reason to believe that the 
Institute would continue to grow at a rate commensurate with 
the growth of the industry, and therefore continue to be of 
increasing benefit not only to the individual members and the 
industry but to Society in general. 
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Vice-Presidents E. J. Mahren and Malcolm Muir, of the 
MeGraw Company, presented an exceedingly interesting outline 
of some of the more important activities of their organization. 

Dr. John B. Whitehead and Mr. Irving E. Moultrop expressed 
appreciation on behalf of the visitors for the courtesies extended. 
The afternoon was greatly enjoyed by all concerned and afforded 
an excellent opportunity for the representatives of each organiza- 
tion to become better acquainted with the personnel, and learn 
more about the activities, of the other. 


New Highway Engineering Bureau 

The opening of offices in the “National Press Building, 
Washington, D. C., for a new Highway Engineering Bureau, 
offering a source of information on matters relating to highway, 
transportation and similar problems is announced by Doctor 
Charles Upham, president of the Advisory Board of the Road 
Builders. This bureau will also have facilities for carrying on 
work with foreign countries. The consulting staff will include 
men of extensive training, and the organization will assume 
complete direction of projects, including preliminary reports, 
engineering and construction. 


Road Builders’ Association Holds 
Exposition Meet 


Approximately 30,0000 road builders will convene on Jan- 
uary 9th at Cleveland, Ohio, to inspect the largest good roads 
machinery and equipment exposition since the invention of the 
automobile. 

Road building representatives from every section of the Ameri- 
ean Continents will exchange views on the best methods of con- 
struction, maintenance and financing of highways. The ex- 
position will cover more than 150,000 square feet of floor space, 
and is estimated to cost in excess of $5,000,000. There will be 
delegates from many foreign countries, including Mexico, Cuba, 
and a number of nations of South and Central America. At 
least 25 foreign countries will be represented at the sessions. 
Charles M. Upham, Managing Director of the American Road 
Builders’ Association is in charge of the meeting. Charles M. 
Babcock, the organizations president, will preside. 
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OswaLD DALE, for the past six years in charge of development 
engineering, sales of varnished insulations and radio products 
for the Aeme Wire Co., New Haven, Conn., has now been chosen 
vice-president of The Wheeler Insulated Wire Company, Bridge- 
port, Conn. 

W. NELSON Sw«riTrH, who about a year ago returned from 
Western Canada and has since assisted several prominent engi- 
neering firms on heavy traction products, has now joined the 
organization of E. L. Phillips & Company, New York, N. Y., 
with whom he will continue in public utility engineering. 

Jos. C. FonsvrH, supervising engineer of the Electrical 
Bureau of the New York Board of Fire Underwriters, at a 
luneheon held in his honor December 21, 1927, was presented 
with a gold watch by the New York Electrical League in recog- 
nition of 11 years of faithful service. 

VLADIMIR KaRarETOFF, Professor of Electrical Engineering 
at Cornell University, upon the recommendation of the Com- 
mittee on Science and the Arts, has been awarded the Elliott 
Cresson Gold Medal by the Board of Managers of The Franklin 
Institute, ‘‘in consideration of the inventive ability, skill in 
design and detailed theoretical knowledge of kinetics and electri- 
eal engineering displayed in the development of computing 
devices." Presentation will take place at the annual Medal Day 
meeting of the Franklin Institute, May 16, 1928. 
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I. F. Baker, a veteran in the Westinghouse Company, having 
served them in various capacities both here and abroad, has 
been promoted to the office of manager of the Far Eastern 
Department of the Westinghouse International Company. 
He comes to his new position from Japan, where he has been man- 
aging director of the Westinghouse interests, president of the 
American Merchant’s Association of Tokio and acting president of 
the Ameriean Association of Tokio. His new offices will be in 
New York. 

L. W. BincgH, of the Ohio Brass Company, Mansfield, has 
recently been made Assistant Manager of the Railway Sales 
Division. Mr. Birch graduated from the Ohio State University 
in 1917 and after a brief service in the army, in which he became 
First Lieutenant, joined the Carolina Power and Light Company 
and later the Pittsburgh Plate Glass Company. He became a 
member of the staff of the Ohio Brass Company in December 1921 
and during reeent years has specialized on the overhead distri- 
bution systems for electric railways. He is an Associate member 
of the American Institute of Electrical Engineers. 

Roy WirkiNs, who for the last six years has been assistant 
engineer of the Pacific Gas and Electric Company, on January 1 
became a member of the Pacifie Electric Manufacturing Com- 
pany. Mr. Wilkins is probably best known for his accomplish- 
ments leading to the successful operation of 220,000-volt 
transmission lines, and consisting of research, design, tests 
and operation on such problems as corona, power transmission, 
relay application, cireuit breakers, earrier-eurrent telephony, 
hydraulic design, ete. After graduating from Kansas State 
Agricultural College with a degree of B. S. in E.E. in 1909 he 
joined the testing department of the General Electrie Company, 
Schenectady, remaining there until 1912 when he wentto the 
Pacific Gas and Electric Company as maintenance foreman. In 
1917 and 1918 he served in the 37th Engineers, U. S. A. and 
returned to the Pacific Gas & Electric Company in 1919 as 
District foreman, later becoming Assistant Engineer in the 
Hydroelectric & Transmission Engineering Division. Mr. Wilkins 
joined the Institute as an Associate in 1916. 


Obituary 


Robert McAllister Lloyd, formerly prominent in the develop- 
ment of the storage battery and a member of the Institute since 
1917, died December 15, in his 64th year. Mr. Lloyd, a native 
of Philadelphia, was educated at the Germantown Academy and 
Lehigh University. Immediately after his graduation, he 
entered the electrical field. He founded the Plante Company, 
which was later purchased by the Electric Storage Battery 
Company. In 1901, he established the Vehicle Equipment 
Company, which, after its organization, became the General 
Vehicle Company. Beside his consulting work, Mr. Lloyd was 
president, manager and director of Mantle & Company, engi- 
neers, and it was only recently that he organized the Sealed Con- 
tainers Corporation. Mr. Lloyd was a member of the American 
Electro-Chemical Society and also of the Institute of Electrical 
Engineers of Great Britain. 

B. C. Edgar, capitalist, vice-president and general manager 
of the Tennessee Electric Power Company and president of the 
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Nashville Light and Power Company, died Dec. 25, at Chatanooga, 
Tenn. Mr. Edgar was born in Rahway, N.J.,in 1878 and from 
his early boyhood became interested in the rapidly developing 
science of electricity. He graduated in electrical engineering 
from Rutgers in 1900, and was first employed by the Manhattan 
Railway in changing steamdriven trains to electrical operation. 
Later he was identified with the electrification of tunnels under 
the Hudson River. From 1909 to 1912 he was in California and 
the Pacifice Northwest, with the Southern Pacific System, in 
electrifying suburban railway lines. For the next few years he 
was assistant general superintendent of the Columbus (Ohio) 
Railway, Light and Power Company. He was made general 
manager of the Nashville Company and the Chattanooga Rail- 
way and Light Company in 1914, and when these two companies 
merged with the Chatanooga and Tennessee River Power Com- 
pany into the Tennessee Electrice Power Company in June, 1922, 
he became vice president and general manager of the entire 
system. Mr. Edzar joined the Institute in 1911. 


W. C. Chappell, for many years active in the electrical field, 
died late in November 1927, at Clover Leaf Canyon, Monrovia, 
California, after à long illness. He was born in London, Eng- 
land, November 11, 1886; his childhood was spent in South 
Afriea. He was edueated at home and at the Creiton Grammar 
School, near Exeter, Devonshire, later going to Zurich to study 
with a private tutor prior to entering the Zurich Polytechnikum. 
Heentered the third year of a four year's course in Electrical Engi- 
neering at the Northampton Institute, Clerkenwell, London. 
This course consisted of six months college and six months 
workshop practise, which he took in the work shop of Messrs. 
Bruce, Peebles and Company's D-e. and A-c. Winding Depart- 
ment, Edinburgh. The sixth month, however, he went to Inns- 
bruek, Austria, as electrical engineer to the Stubsi Valley 
Railroad. Mr. Chappell received some of his instructions on 
a-c. and d-c. machine design from Mr. H. M. Hobart of the 
General Eleetrie Company. He was also in the Central Station 
Estimating Department of the Siemens Brothers Dynamo 
Works, Caxton House, London. But after 13 months, went to 
Vaneouver, B. C., and entered the employ of the British 
Columbia Electric Railway as erecting engineer. Here he re- 
mained for three years, going thence to Philadelphia as the erect- 
ing engineer of the General Electric Company. His earlier 
experience in refrigerating engineering led him shortly after to 
connect with Messrs. Gay & Son. Los Angeles, Calif. as design 
engineer. He also served the Tasmanian Government Hydro- 
electric Department under a three years’ engagement. Mr. 
Chappell joined the Institute in 1909. 


Senter M. Jones, first vice-president, manager of purchases, 
and member of the executive committee of Century Electric 
Company, St. Louis, died very suddenly on December 11th, at 
the age of 47. Entering the organization in 1906, he 
always took keen interest in employee activities, and was 
highly esteemed by his associates. Besides being a member 
of the Ameriean Institute of Electrical Engineers, (1919), St. 
Louis Electrical Board of Trade, St. Louis Chamber of Com- 
merce, and North Hills Country Club, he was a generous 
participant in civic and charitable organizations. 
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SECTION MEETINGS 


Boston 
Unified Transportation for Boston, DY W. S. Kelley, Consulting 
Engineer. November 8. Attendance 200. 


Cincinnati 
Theory of Lightning as Disclosed by Klydonograph Studies, by 
C. L. Fortescue, Westinghouse Elec. & Mfg. Co. Illus- 
trated. November 10. Attendance 94. 
Telerision, by Dr. G. W. King, American Tel. & Tel. Co. 
December 8. Attendance 148. 


Cleveland 


Automatic Train Control, by F. F. Fowle, of Frank F. Fowle & Co. 
The talk was preceded by a motion picture, entitled ‘‘The 
King of the Rails." November 17. Attendance 86. 


Conneticut 


The Changing Traffic of the Railroads, by D. M. Neiswanger, 
New York, New Haven and Hartford R. R. The meeting 
was s preceded by an inspection trip to the Hartford Hump 
Yar November 15. Attendance 60. 
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Electric Traffic Control Systems, by J. G. Regan, General Electric 

Co. Illustrated with slides. December 13. Attendance 30. 
Denver 

Television, by Dr. M. B. Long, Bell Telephone Laboratories, Ine. 
Illustrated with slides and motion pictures. A dinner 
preceded the meeting. November 18. Attendance 110. 

Detroit-Ann Arbor 

The Benefits of Interconnection, by C. W. Tippy, Consumers 
Power Company; 

Engineering Features of the Transmission Line, by J. H. Foote, 
Commonwealth Power Corp., and 

Substations at Ends of Transmission Lines, by S. M. Dean, 
Detroit Edison Co. November 16. Attendance 275. 

Electrification, by H. L. Andrews, General Electric Co. Illus- 
trated with slides. Joint meeting with Detroit Engineering 
Society. A dinner preceded the meeting. December 9. 
Attendance 150. 

Erie 

Inspection Tour of the International Electrotechnical Commission, 
by James Burke, Burke Electric Co., and 

The Pyschology of Laughter, by C. M. Newcomb. November 15. 
Attendance 250. 

Indianapolis-Lafayette 

Modernizing Industrial Control Equipment, by W. B. Neeper, 
Allen-Bradley Co. Illustrated with slides. November 18. 
Attendance 47. 

Ithaca 

The Quest of the Unknown, by Prof. H. B. Smith, Worcester 
Polytechnie Institute. Illustrated. November 18. At- 
tendance 80. 

Lehigh Valley 

The World Flight and Flying Illuminated, by Lt. Leigh Wade, 
Consulting Aviator. October 22. Attendance 67. 

Russian Mining Problems, by J. H. Pierce of Stuart, James & 


Cooke, Inc. Illustrated. 
Research, by L. A. Hawkins, General Electric Co. A dinner 
preceded the meeting. November 11. Attendance 97. 


Recent Developments in Central Station Generating Plants, by 
N. E. Funk, Philadelphia Electric Co.; and 

Mine Ventilation, by F. H. Nicholson, Lehigh & Wilkes-Barre 
Coal Co. Inspection trips to Wanamic Colliery and Hun- 
lock Creek Plant of Luzerne County Gas & Electric Com- 
pany was made prior to the meeting. December 3. At- 


tendance 117. 
Los Angeles 


Movement of Overhead Conductors during Short Circuits, by Wm. 
S. Peterson, Bureau of Power & Light. Illustrated with 
slides. December 6. Attendance 140. 


Louisville 


Smoker. Discussion of the electrolysis situation in Louisville. 
October 25. Attendance 16. 
Lynn 
Chemistry, Manufacture, Classification and Uses of Bakelite, by 
L. B. Quigley, Bakelite Corp. Motion picture was shown, 
entitled ‘‘Manufacture of Bakelite.” November 16. At- 
tendance 80. 


Dream Pictures, by Branson DeCou. 
ber 21. Attendance 850. 


Mexico 


Annual Banquet. The following officers were elected: Chairman, 
B. Nikiforoff; Secretary, E. Luque. October 15. At- 
tendance 40. 

La Linea Internacional Telefonica New York-Mezico, by M. P. 
MeCullough, Mexican Telephone Company. November 
8. Attendance 40. 


Ladies’ Night. Novem- 


Milwaukee 


Milwaukee Engineers’ Society. Motion 
October 


Annual Meeting, 
picture entitled ‘‘The Age of Speed," was shown. 
Attendance 40. 
Hawaii, a Tropical Paradise, by Dr. S. A. Barrett, Milwaukee 
Publie Museum. Illustrated with motion pictures and 
slides. November 16. Attendance 130. 


Minnesota 


Chicago District Electrical Developments, by B. G. Jamieson, 
Commonwealth Edison Co. A dinner preceded the meet- 
ing. October 24. Attendance 80. 
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Nebraska 

Television, by Dr. M. B. Long, Bell Telephone Laboratory. 
Illustrated with slides and motion pictures. A dinner 
preceded the meeting. November 15. Attendance 250. 


Niagara Frontier 

Welland Ship Canal, by A. J. Grant, Engineer-in-Charge; 

Niagara Power Development, by F. D. Corey, Niagara and Eastern 
Power Corp; 

Proposed St. Lawrence Developments, by H. G. Acres, Consulting 
Engineer, and 

The Peace Bridge, by E. P. Lupfer, Chief Engineer. A banquet 
preceded the meeting. The morning and afternoon were 
devoted to an inspection trip over the Canal. Joint 
meeting with Toronto Section, A. I. E. E.; Niagara, Hamil- 
ton and Toronto Branches, Engineering Institute of Canada; 
Toronto Branch, A. S. M. E., and Engineering Society of 
Buffalo. October 28. Attendance 600. 

Transatlantic Telephony, by Ralph Bown, of A. T. & T. Co., 
President, I. R. E. Illustrated with slides and motion 
pictures. November 17. Attendance 15. 

Storage-Baltery Engineering and Development, by C. W. Bell, 
Gould Storage Battery Co., and 

Dry-Battery Development, by A. T. Hinckley, U. S. L. Battery 
Corp. December 2. Attendance 80. 


Philadelphia 
Automatic Train Control, by W. H. Reichard, General Railway 
Signal Co. Illustrated with slides. November 14. At- 
tendance 150. 


Pittsburgh 

The Modern Oscillograph—the Analyst of the Unknown, by J. W. 
Legg, Westinghouse Elec. & Mfg. Co. Illustrated. Joint 
meeting with Electrical Section, Engineers Society of 
Western Pennsylvania. November 9. Attendance 265. 

Pittsfield 

Biological Research, by Dr. A. W. Bray, Rensselaer Polvtechnie 
Institute. A dinner preceded the meeting. November 15. 
Attendance 100. 

The Human Side of the French Foreign Legion, by Major Zanovi 
Pechkoff. A dinner preceded the meeting. December 6. 
Attendance 700. 


Portland 
Rural Electrification Experiments, by H. J. Garver, and 
X-Frame Construction for Rural Lines, by D.S. Young. Novem- 
ber 22. Attendance 75. 
Providence 


View of the English Engineering Industry, by J. R. Rateliff, 
Kent Instrument Works of London. November 15. 
Attendance 75. 


Rochester 
Transatlantic Telephony, by Dr. Ralph Bown, of A. T. & T. Co., 
President, I. R. E. Luneheon preceded the meeting. 
Joint meeting with Rochester Engineering Society and 
I. R. E. November 18. Attendance 156. 


St. Louis 
Superpower Transmission, by Robert Treat, General Electrie 
co. November 16. Attendance 64. 
Saskatchewan 


Faults on Distribution Systems Located by Radio, by W. R. 
Pottle, Radio Inspector, Dept. of Marine and Fisheries. 
November 25. Attendance 35. 


Schenectady 


Personal Observations in Soviet Russia, by H. H. Dewey, General 
Electrice Co. November 16. Attendance 325. 


Steam and Electric Locomotives, by A. H. Armstrong, General 
Electric Co. Illustrated with slides. December 2. At- 
tendance 175. 


Seattle 


The Boeing Airplane Company and Its Products, by C. N. Mon- 
tieth, Boeing Airplane Co.  lllustrated with motion pictures 
and slides. An inspection trip through the factory pre- 
ceded the meeting. November 15. Attendance 6o. 


Sharon 


Development of Military Aviation, by Col. Harry Graham, U. S. 
Army Comdr. Wright Field. Illustrated with motion 
pietures and slides. Noveniber 8. Attendance 297. 
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Southern Virginia 


Annual Fall Meeting, Affiliated Engineering Society Sections of 
Virginia. November 11-12. (Full account given on page 
1466, December JouRNAL). 


Spokane 


Rhythmic Corrugations in Highways, by Prof. H. V. Carpenter, 
State College of Washington. Joint meeting with Spokane 
Section, A. S. C. E., and Inland Empire Section, A. S. M. E. 
November 25. Attendance 60. 


Springfield 

Manufacture of Electrical Porcelain by the Wet Process, by C. W. 
Roberts, Locke Insulator Co. Two motion pictures were 
shown—one illustrating the manufacture of Mazda lamps 
bv automatie machinery, and the other & travel picture of 
the Canadian National Railroad through the vacation 
camps of the Canadian Rockies. November 21. Atten- 
danee 45. 


Toledo 
Engineering and Economic Factors in Promoting a Super-Power 
Mine- Mouth. Generating Station, by A. W. Morgan, H. L. 
Doherty Co. November 18. Attendance 32. 
Toronto 
Joint Meeting. October 28. (See October 28 meeting Niagara 


Frontier Section). 
Capacitors, by M. C. Lowe, Canadian General Electric Co. 
Illustrated with slides. Novemberll. Attendance 67. 
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STUDENT CONVENTION AT REGIONAL MEETING OF 
GREAT LAKES DISTRICT 


The first day of the Regional Meeting of the Great Lakes 
District, held at Chieago November 28-30, 1927, was devoted to 
a Student Convention consisting of a technical session during the 
morning, a District Conference on Student Activities in the 
afternoon, and a smoker in the evening. Extensive plans had 
been made for the morning and afternoon sessions under the 
leadership of Professor J. F. H. Douglas, Chairman of the 
District Committee on Student Activities, who presided at both 
meetings. 

TECHNICAL SESSION 


The technical session was opened by an address of welcome 
by Mr. B. G. Jamieson, Vice-President, Great Lakes District, 
in which he welcomed the students to the Regional Meeting 
not only as guests but also as substantial, contributing units. 
He mentioned briefly the benefits to be derived by students in 
the preparation and presentation of papers. 

The following papers were presented by students: 


Substation Protective Devices, L. F. Masonick, Lewis Institute. 

Locating Faults in Telephone Cables, A. R. Sansone, Lewis 
Institute. 

Measurement of Transverse Reaction in Synchronous Machines 
by Use of Synchronously Revolving Contactor, E. E. Lashway 
and E. T. Baldwin, Marquette University. (Presented 
by E. T. Baldwin). 

The Student Engineer's Altitude Toward His Work, J. F. Payne, 
Rose Polytechnie Institute. 

Errors in Current Transformers at Abnormal Loads, L. L. Carter, 
Purdue University. 

A Method of Design for Reactors Where a D. C. Component is 
Present, J. P. Barton, University of Minnesota, '27. 

Historical Development of the | Direct-Current Motor, 
Horan, University of Notre Dame. 


The Localization of Faults on Parkway Cable, John Sargent, 
University of Wisconsin. 


Joseph 


Recent Developments in Commercial Radio Telegraph Transmitters 
for Marine Use, by T. J. Boerner, University of Wisconsin. 
(Presented by John Sargent). 
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Urbana 

A Year at Cavendish Laboratory at Cambridge, England, by Dr. 
C. T. Knipp, University of Illinois. Illustrated. Joint 
meeting with Electrical Engineering Society. November 
16. Attendance 46. 

Mathematics and Qualitative Analysis in Engineering, by R. E. 
Doherty, General Electrice Co. November 22. Atten- 
dance 146. 

Vancouver 

Oscillographs, by Dr. H. Vickers, University of British Columbia. 
Illustrated by slides and a demonstration of phase displace- 
ment and other phenomena with a two-element instrument. 
December 6. Attendance 56. 


Washington 

Commercial Aviation, by Maj. C. M. Young, Department of 
Commerce; 

Radio Aids for Air Navigation, by Haraden Pratt, Bureau of 
Standards, and 

The Earth-Inductor Compass, by Dr. P. R. Heyl, Bureau of 
Standards. Slides and motion pictures were shown. A 
dinner preceded the meeting. November 8. Attendance 
175. 


Worcester 
Electrical Reproduction of Music, by Prof. H. H. Newell, Wor- 
cester Polytechnic Institute. It was voted to join the 
Aftiliated Engineering Societies of Worcester. November 
28. Attendance 150. 
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An Electrical Method of Obtaining the Compression Indicator 
Card of a High-S peed Compressor, by M. E. Fiene, University 
of Minnesota. 

Experiences with Motor Maintenance in Pulp and Paper Mills, 
C. P. Feldhausen, University of Wisconsin. (Presented 
by title only). 

A Study of Flux Conditions in Armature Tecth, T. B. Holliday 
and C. W. Kronmiller, Purdue University. (Presented by 
T. B. Holliday). 

The papers were well presented, and all available time was 
devoted to discussion in which a considerable number of students 
participated. About 200 students were present. 


CONFERENCE ON STUDENT ACTIVITIES 


Of the thirteen Branches in the Great Lakes District, nine 
were represented by their Counselors and Chairmen, and each 
of the remaining four was represented by either Counselor or 
Chairman, at the Conference on Student Activities held at 
2:00 p. m. 

The program of the conference was as follows: 

Management of Electrical Shows, K. E. Hunt, Chairman, Michi- 
gan State College Branch. (Presented by Elmer Kirk). 

Financing Branch Activities, J. R. Adriansen, Chairman, Mar- 
quette University Branch, (Presented by P. C. Neumann); 
Professor F. A. Rogers, Counselor, Lewis Institute Branch. 

Branch Programs, G. C. Brown, Chairman, University of 
Minnesota Branch; Professor J. A. Caparo, Counselor, 
University of Notre Dame Branch. 

Social Activities of Branches, L. J. Van Tuyl, Chairman, Uni- 
versity of Michigan Branch; Professor D. P. Moreton, 
Counselor, Armour Institute of Technology Branch. 

Ways and Means of Interesting Under Class Men in Branch 
Activities, Arthur Drompp, Chairman, Rose Polytechnic 
Institute Branch; Professor A. N. Topping, Counselor, 
Purdue University Branch. 

The Problem of the Branches, Professor C. M. Jansky, Counselor, 
University of Wisconsin Branch. 

General Discussion 


The reports on Electrical Shows and Branch Finances were 
based upon the results of extensive surveys made by means of 
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questionnaires sent to Student Branches, and contained sum- 
maries of data on many aspects of these subjects. 

Mr. G. C. Brown and Professor J. A. Caparo described briefly 
the types of meetings held by their Branches at the University of 
Minnesota and University of Notre Dame respectively. At the 
former, Branch meetings are not well attended if held more 
frequently than once a month. Inspection trips are very 
popular, but smokers are not well attended. At the latter, the 
meetings consist of four parts: business, presentation of papers 
by students, discussion, and social features with refreshments. 


On the subject of social activities, Mr. Van Tuvl considered one 
of the most valuable results of Branch meetings the making of 
acquaintances among students and faculty members, and said an 
occasional social meeting such as a smoker promotes this func- 
tion effectively. Professor Moreton reported that all juniors and 
seniors in electrical engineering at Armour Institute of Tech- 
nology are enrolled Students of the Institute, and also emphasized 
the importance of smokers to promote mixing. His Branch has 
two annual smokers which are attended by many alumni who 
discuss with the students problems they have met since leaving 
school. 


Mr. Drompp said freshmen and sophomores do not have the 
natural interest in things of a professional nature that seniors 
have, and mentioned some means of increasing their interest, 
such as balanced programs without too much deeply technical 
material, placing each student on & program at least once, 
encouragement of discussion, social meetings, and placing the 
Branch before the students as an active, going organization. 
Professor Topping emphasized the necessity of spontaneous 
activity within a Branch, and said the students must participate 
actively in the programs in order to receive the greatest benefit. 
He said the A. I. E. E. conventions only rarely have activities 
arising outside the Institute and that the students should furnish 
Branch programs rather than depend upon outside speakers. 

Professor C. M. Jansky opened his report with a brief per- 
speetive of the origin and purposes of the Student Branches, and 
said leaders cannot be developed by the use of outside speakers. 
He mentioned the many activities open to university students and 
the renown which may be received in them, while officers of 
Branches receive little or no distinction. He made a plea for 
greater recognition for students who are leaders in Braneh work 
and for those who participate in the programs and other 
activities. 

SMOKER 

A student smoker was held on Monday evening to afford the 
students, Counselors, and others an opportunity to become 
better acquainted. Brief addresses were given by Vice-Presi- 
dent B. G. Jamieson and Professor J. F. H. Douglas, Chairman 
of the District Committee on Student Activities. Several 
entertainment features were provided and a buffet luncheon 
was served. All those present thoroughly enjoyed the activities 
of the evening. 


BRANCH MEETINGS 
Municipal University of Akron 
Business Meeting. December 2. Attendance 10. 


Alabama Polytechnic Institute 

Farm Electrical Equipment, by Mr. Hightower, student, and 

Financing Engineering Projects, by Professor W. W. 
Counselor. November 10. Attendance 55. 

Motion picture, entitled ‘‘Manufacture of Paper,” was shown. 
A talk was also given by an alumnus on what each student 
could do to make Auburn a better school. November 17. 
Attendance 68. 

University of Arkansas 

Electricity and the Organic Chemist, by Dr. Wertheim; 

B Devclopment in Eastern Europe, by Maurice Koenblaet, 
an 

Report on Laboratory Experiment, by Dick Ray, Secretary. 
November 17. Attendance 17. 


Hill, 


Journal A. I. E. E. 


Television in Europe, by Harold Leimer, student, and 
Advantages of Transmission of Power by Cable, by J. P. White, 
student. December 1. Attendance 13. 
; Armour Institute of Technology 
Motion picture, entitled ‘‘The Development of Power," was 
shown. November4. Attendance 43. 
Brooklyn Polytechnic Institute 


The Interconnection of Large Power Systems for Allocation of 
Loads, by Mr. Brandler, student, and 


Industrial Control of Motors. by I. C. Diefenderfer, General 
Eleetrie Co. Refreshments were served. November 11. 
Attendance 66. 

Bucknell University 


Steam Railroad Electrification, by G. B. Timm, Westinghouse 
Elec. & Mfg. Co. Illustrated by slides. 


The Future of Electrification of Railroads, hv Prof. W. K. Rhodes, 
Counselor. He also spoke on plans for future meetings. 
Motion picture, entitled ‘‘Romance of Rails and Power,” 
was also shown. November 7. Attendance 34. 


The Theory of Indicating Instruments, bv Mr. Coby, Weston 
Electrical Instrument Co. Illustrated with slides. Decem- 
ber 7. Attendance 38. 

University of California 


How Signals May Travel from the- Transmitter to the Receiver, 
by E. M. Sargent, Sargent Radio Co., and 


The Fynn-Weichsel Motor, by N. C. Clark. November 2. 
Attendance 45. 


Business Meeting. Nomination of officers for second semester. 
(The following officers were elected several days later: 
Chairman, J. F. Bertucei; Vice-Chairman, Robert Kirk- 
land; Seeretary, N. €. Clark; Treasurer, H. H. Daniels). 
November 16. Attendance 26. 

The California Institute of Technology 


Business Meeting. Discussion of plans for holding next meeting 
at offices of General Electrie Co. December 7. Atten- 
danee 10. 

Catholic University of America 

Use of the Carrier Wave in Line Telephony, by L. B. Bogan, 
Chesapeake and Potomae Telephone Co. D. V. O'Leary, 
Treasurer, gave a recitation of ''Casey at the Bat.’ 
Refreshments were served. November 15. Attendance 28. 

Carnegie Institute of Technology 


Short Wave Radio Transmission and the Value of Amateur 
Stations, by Richard Tener, student, and 


The Desirability of Having Student Speakers, by Prof. B. C. 
Dennison, Counselor, and Prof. G. M. Porter. November 2. 
Attendance 23. 

Clemson College 

Conowingo Power Development, by A. A. Walsh; 

Edison and the Incandescent Lamp, by L. B. Moore, and 

Current Events, by W. P. West. November 10. Attendance 26. 


Colorado Agricultural College 


Electrical Generators, by R. J. Nelson, student. Discussion of a 
stunt for Homecoming Day. November 14. Attendance 14. 


Business Meeting. November 28. Attendance 10. 


University pf Colorado 


Television, by Dr. M. B. Long, Educational Director, Bell 
Telephone Laboratories, Ine. Illustrated with slides and 
motion pictures. November 17. Attendance 85. 


Problems in Broadcasting,.by R. H. Owen, KOA Broadcasting 
Station, Denver. November 30. Attendance 40. 


Cooper Union 
A Mazimum Demand Meter, by Charles Coles, student, and 


Summer Experiences with A. T. & T. Company, by John Meehan, 
student. November 10. Attendance 40. 


University of Denver 
X-Ray Crystal Analysis, by B. E. Cohn, Instructor in Physics. 
Dates for meetings for the year announced. November 22, 
Attendance 14. 


Drexel Institute 


Development of Hydraulic Turbines, by Wm. Kelly, I. P. Morris 
Co. Joint meeting with A. S. M. E. Chapter. December 6. 
Attendance 22. 
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Duke University 


Natural Resources in the Carolinas, by Prof. W. J. Seeley, Coun- 
selor. November21. Attendance 11. 


Georgia School of Technology 
The Power Limit of Transmission Lines, by H. G. Harvey, 
Westinghouse Elec. & Mfg. Co. A mechanical model used 
to illustrate talk. November 25. Attendance 90. 


University of Idaho 
100 Kw. Radio Tubes, by C. N. Teed, student. Illustrated by 
slides. Diseussion of the coming ‘‘Engineers Day." 
November 21. Attendance 18. 


State University of Iowa 
Oscillographs and Their Uses, by D. D. MacDougal, and 


Benefits Obtained from Electric Heat Treatment, by R. C. Mathis. 
November 16. Attendance 29. 


The Edison Battery, by M. H. Jensen; 

Materials for Switchboard Panels, by G. L. Pruhdon; 

Solution of a Cubic Equation, by P. Rosmovsky, and 

Electric Practise in Copper Mining, by O. T. Stueck. November 
23. Attendance 29. 

The Romance of Power, by C. M. Ripley, General Electric Co. 
Joint Meeting with Student Chapters of the A. S. C. E. and 
A. S. M. E., sponsored by A. I. E. E. Branch. Nov ember 
30. Attendance 162. ` 


Packing, by Herman Sader, Garlock Paeking Co. Joint meet- 
ing with the Student Chapter of the A. S. M. E. December 
4. Attendance 39. 


Kansas State College 


Opportunities of the Graduates with Industrial Companies, by 
Prof. R. G. Kloeffler, Counselor. He also gave a list of 
Companies which employed the Kansas State men for the 
last three years. October 31. Attendance 102. 


Difficulties in Long Line Power Transmission, by D. W. Grant; 
A I60-Kw. Vacuum Tube, by A. L. Morgan. Jilustrated. 
Mr Summer's Work with the Commonwealth Edison Company, by 


Kennis Evans. A motion picture, entitled ''Big Deeds," 
was also shown. November 7. Attendance 79. 


University of Kansas 


Mr. S. M. DeCamp, Chairman, Kansas City Section, A. I. E. E., 
took charge of the meeting and introduced the speakers. 
A. E. Bettis, Vice-President, District No. 7, spoke on the 
importance of the A. I. E. E. and the value of combined 
meetings with students. A. P. Denton, Electrical Engineer, 
Denton Engineering and Construction Co., spoke on the 
National Electrical Code. Dr. H. P. Cady, University of 
Kansas, demonstrated some of the properties of liquid air. 
November 1. Attendance 100. 
University of Kentucky 
Digest of an Article on ‘‘Light,” by T. H. Doeman; 
Digest of an Article on ''Electricity in Aviation," by H. E. Gold- 
stine, and 
Technical Terms Often Misused, by Prof. W. E. Freeman, 
Counselor. November 9. Attendance 33. 
Lafayette College 
A talk on his trip to Europe dealing especially with electric 
lighting and transportation was given by Prof. M. King, 
Counselor. November 26. Attendance 19. 
Lewis Institute 
Chicago Engineering, by E. J. Kelley, Chief he, a Sanitary 
District of Chicago, and President, South Park Board. 
November 18. Attendance 150. 
Louisiana State University 
Motion pictures on Power Transformers were shown. Dis- 
cussion of plans for ‘‘Electrical Vaudeville.” Henry Joyner 
was elected Secretary-Treasurer. November 29. At- 
tendance 20 
University of Maine 
Opportunities in Illumination, by Charles Howard, Central 
Maine Power Co. November 10. Attendance 14. 
Mercury Arc Power Rectifiers, by E. W. Jones, Secretary. 
December 1. Attendance 20. 
Marquette University 
Power Distribution in Chicago, by H. E. Wulfing, Commonwealth 
Edison Co. Joint meeting with University of Wisconsin 
and School of Engineering of Milwaukee Branches. A 
SS as preceded the meeting. November 14. Attendance 
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Report on Regional Meeting at Chicago, by P. C. Neumann, and 


Oil Geer Company, by Herbert Hartman, alumnus. December 8. 
Attendance 32. 


Massachusetts Institute of Technology 

What Kind of an Engineering Job Can I Get, and How Do I Go 
About Getting It? by O. W. Eshbach, Personnel Dept., 
A. T. & T. Co. Illustrated with three reels of films. A 
free supper was served preceding the meeting. November 
11. Attendance 406. 

History, Organization, and Scope of Stone & Webster, Inc., by 
N. aniels. Two reels of motion pictures of the Cono- 
wingo Project were shown. December 2. Attendance 408. 


Michigan State College 


The Development and Methods of Manufacture of the Modern 
Insulator, by Brent Mills, Lapp Insulator Co. Committees 
appointed for Electrieal Show to be held January 30 to 
February 4, 1928. November 8. Attendance 70. 


Inspection trip to Jackson, by the Senior Class, where two sub- 
stations and the Laboratories of the Consumers Power 
Company were visited. Attended a banquet in the evening 
given by the Detroit-Ann Arbor Section of the A. I. E. E. 
November 16. Attendance 35. 


University of Michigan 
Some Interesting Things About Atoms, by Prof. Barker, of the 
Physics Dept. Illustrated. Nov ember 10. Attendance 28. 
Engineering School of Milwaukee 
Talk by H. E. Wulfing, Commonwealth Edison Co. (See 


November 14 meeting of Marquette University above). 
November 14. 


Mississippi A. & M. College 


The General Electric Company and Its Student Training Courses, 
by Robert Caruthers. Appointments of various committees 
announced by Chairman. November7. Attendance 35. 


Missouri School of Mines and Metallurgy 


Radio Program and entertainment for the Freshmen. Program 
for the school year of 1927-1928 outlined. Refreshments 
served. September22. Attendance 21. 


University of Nebraska 


Television, by Dr. M. B. Long, Educational Director, Bell 
Telephone Laboratories, Inc. Film showing first demon- 
stration of the apparatus. Joint meeting with Sigma Xi. 
November 16. Attendance 185. 


Newark College of Engineering 


The Development of the Vitaphone and Movietone, by D. C. 
MeGaillard, Installation Supt., Acoustic Dept., Electric 
Research Products, Inc. November 14. Attendance 54. 


College of the City of New York 


Motion picture in two reels, entitled ‘‘Through the Switch- 
board," was shown Talk, illustrated by slides, was also 
given on this subject by S. B. Williams, Bell Telephone 
Laboratories, Ine. After the meeting an inspection of the 
Audubon Exchange of the New York Telephone Company 
was made. November 17. Attendance 25. 


Inspection trip to the Edgecombe Exchange of the New York 
Telephone Company. December 1. Attendance 12. 


Inspection of the many interesting exhibits at the Power Show. 
December 5. Attendance 11. 


Inspection trip to Long Distance Exchange of the A. T. & T. Co. 
December 8. Attendance 10. 
New York University 
Business Meeting. November 29. 


Designing an Illumination System for One of the Seven Wonders 
of the World—the Virginia Natural Bridge, by W. A. Oglesby 
(N. Y. U. '23), Illumination Engr., Westinghouse Lamp Co. 
December 1. Attendance 15. 


North Carolina State College 
Power Development in North Carolina, by J. H. Paget, Supt. of 
Power, Carolina Power and Light Co. Banquet. Novem- 
ber 15. Attendance 30. 
Steam Plants and Their Accessories, by Prof. W. J. Dana. 
trated. December 13. Attendance 15. 


University of North Carolina 
Sag and Stress Analysis of Transmission Lines, by T. B. Smiley, 
Instructor. November 17. Attendance 21. 
Regeneration of Energy on Electric Locomotives, by W. L. Brooker, 
student. December 1. Attendance 20. 


. 


Illus- 
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Northeastern University 
Engineering the Production of Radio Receivers, by A. F. Murray, 


Wireless Specialty Apparatus Co. November 1. Atten- 
dance 90. 

Three motion pictures were shown, entitled respectively, ‘‘More 
Power to You”; ‘‘Revelations’’; and ‘‘Power Transformers." 


December 6. Attendance 95. 


University of Notre Dame 


Dr. J. A. Caparo, Counselor, gave a brief talk on the importance 
of membership in the Branch and the benefits derived from 
resenting papers. The following officers were elected: 
resident, Charles Topping; Vice-President, Fred Weiss; 
Secretary, George Conner; Treasurer, Joseph Horan; 
Publicity Agent, Laurence Wingerter. October 14. At- 
tendance 87. 
History of the Development of Direct-Current Motors, by Joseph 
oran, student. Discussion of the desirability of attending 
the Regional Meeting in Chicago. Refreshments were 
served. November 14. Attendance 58. 


Ohio University 
November9. Attendance 12. 
Business Meeting. November 30. Attendance 13. 


Ohio Northern University 
Howl Sae Interested in Electrical Engineering, by B. W yandt, 
an 
The Electrification of the Truscon Steel Company Fabricating 
Plant. December 8. Attendance 20. 


Ohio State University 


Modern Application of Science, by Prof. A. W. Smith, Dept. of 
Physics. Programs for the meetings of the year 1927-28 
were distributed. The possibility of holding a convention 
of Branches at Ohio State in the Spring was discussed. 
Dinner in Ohio Union. November 10. Attendance 68. 


Oklahoma A. & M. College 


Life of Edison, by G. E. Larazon. Motion picture, in three reels, 
entitled ‘‘The Benefactor" was shown. November 10. 
Attendance 55. 

Being a Member of A. I. E. E. Society, by Benny Fouts, President. 
Motion picture in two reels, entitled ‘‘Wizardry of Wire- 
less," was shown. December 7. Attendance 30. 


University of Oklahoma 


Some slides of a 50,000-Kv-a. Synchronous Condenser, a 91,500- 
Kw. Turbine and a 100-Kw. Transmitting Tube were shown, 
illustrating lectures given on same. November 17. At- 
tendance 25. 


Oregon State College 
A. C. Vacuum Tubes, by J. C. Garman, Instructor in Physics. 
Illustrated by slides. Frank Blount was elected Publicity 
Manager. December 7. Attendance 45. 


Pennsylvania State College 
Conowingo Hydroelectric Installation. 
Preparations and General Conditions, by W. C. Kirk; 
Construction of the Dam, by J. F. Houldin; and 
The Completed Dam, by H. E. Burcher. November 16. 
Attendance 47. 
Inspection trip to air mail field, remote eontrol radio station of air 
field, Milesburg Power Plant, Bellefonte Outdoor Substation, 
and Bell Telephone Exehange. December 3. Attendance 40. 
M odern Methods of Commercial and Industrial Lighting, by E. L. 
Sholl, District Representative, Holophane Glass Co. Decem- 
ber 7. Attendance 64. 


University of Pittsburgh 
Electricity in Coal Mining, by J. J. Crawford, student, and 


Automatic Railway Substations, by H. A. Reitmeyer, student. 
November 4. Attendance 49. 


Synchronous Rectifiers, by T. A. Graul, student, and 


Application of Inductance Voltage Regulation to Long Distance 
Lines, by H. R. Jones, student. November 18. At- 
tendance 37. 


Princeton University 


R. W. MacGregor, Chairman, spoke on his experience in the 
General Electric Company’ s Testing Department. last 
Summer. Two reels, entitled ‘‘The Electrical Giant," and 
one reel on power transformers were shown. November 17. 
Attendance 12. 


Journal A. I. E. E. 


Rhode Island State College 


Narragansett's Company's Generating Station in Providence, by 
C. Thomas, Narragansett blectrie Lighting Company. 
Illustrated with slides. November 17. Attendance 17. 

Inspection trip to Generating Plant of the Narragansett Electric 
Lighting Company, Providence. November 19. Atten- 
dance 18. 

W. G. Johnson, student, gave an outline of trip to the Plant of 
the Narragansett Eleetrie Lighting Company. 

Murphy was elected Safety Representative. November 25. 
Attendance 17. 


Rose Polytechnic Institute 
IIow to Arouse More Interest and Enthusiasm in the Branch 
Organization. Open diseussion. C. C. Knipmever, Coun- 
selor, gave a short talk on electrical show to be sponsored by 
the Branch in April. November 9. Attendance 37. 
What the Technical School Should Do for the Engineering Student 


in the Opinion of the Professional Engineer, by J. B. Smith, 
student; 

Relation between Inventor and Manufacturer, by C. Cash, student, 
and 


Organization and Purpose of the A. I. E. E., by G. Garmack, 
student. November 16. Attendance 41. 

Report on the Morning Session of the Regional Meeting in 
Chicago, by James Payne. Report on the afternoon session 
was given by Arthur Drompp. C. Cash, student, gave a 
report on the discussions held on papers at the meeting. 
November 30. Attendance 49. 

Rutgers University 

Application of the Electric Drive in Paper Mills, by A. U. Welch, 
student; and 

Planning for Future Growth of Telephone Lines, by F. Chatten, 
student. November21. Attendance 18. 

University of Santa Clara 


Steam Railroad Electrification. Tilustrated with slides. Fur- 
nished by the Westinghouse Elec. & Mfg. Co. Read by 
C. E. Newton. November 29. Attendance 79. 


Automatic Sub-Stations, by P. B. Garrett, Westinghouse Elec. & 
Mfg. Co. Illustrated with slides. December 6. At- 
tendance 82. 


University of South Dakota 
Motion picture, entitled ‘‘Electrified Travelog," 
November 16. Attendance 18. 
Stanford University 


Relays and. Automatic Equipment, by Mr. 
Electric Co. Two-reel motion picture. 
and automatic switches. December 1. 


Swarthmore College 


Diesel Engines, by Mr. Morgan, Westinghouse Electric & Mfg. 
Co. Moving pictures. November 10. Attendance 30. 


Syracuse University 
Business Meeting. September 28. Attendance 8. 
Business Meeting. October 12. Attendance 9. 
Boulder Dam Project, by J. S. Walsh, and 


Power Situation in New York State, by E. H. Gilchrist. 
21. Attendance 11. 


Power Generation in New York City, by R. E. Sehwartine, and 


Power Distribution in New York City, by K. N. Eastwood. 
October 28. Attendance 10. 


Types of Generating Stations, by R. C. Miles, and 


Carrier Circuits in Telephony, by A. L. Helfer. 
Attendance 11. 


West Penn Power Company, by B. F. Loren, and 


New Nine Element Oscillograph, by A. G. Belle. 
Attendance 10. 


Roosevelt Dam Project, by E. D. Lynde, and 
Utilizing Tides for Power, by F. J. Plant. 
Attendance 11. 
A. & M. College of Texas 
Film, entitled ‘‘The King of the Rails," was shown. 
talk by C. C. Yates, Counselor, concerning Safety Cam- 
paign to be conducted among Student Branches of the 
A.I.E.E. Novemberl8. Attendance 42. 


University of Texas 


Motors and Controls, by Mr. Prout, General Elecric Co. 
November 9. Attendance 33. 


was shown. 


Malarky, General 
Models of relays 
Attendance 24. 


October 


November 4. 


November 11. 


November 18. 


Short 
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Virginia Military Institute 
Motion picture, entitled ‘‘From Coal to Electricity," was shown. 
The following officers were elected: President, F. Barkus; 
Secretary, E. F. James. November 22. Attendance 25. 
Motion picture, entitled ‘‘King of the Rails," was shown. 
December 5. Attendance 56. 


State College of Washington 

Advice to Undergraduates, by R. Cooper, '25, Sales Engineer, 
Westinghouse Electric & Mfg. Co., and 

Report on the Sections Committee Conference and Conference on 
Student Activities at Summer Convention, by Prof. R. D. 
Sloan, Counselor. Louis Deleau chosen to succeed Mr. 
Martin as Vice-President. October 19. Attendance 26. 

General discussion on student papers. It was agreed that the 
presentation of papers by students is very desirable. 
November 4. Attendance 30. 

The Oscillograph, by O. E. Osburn, Instructor in Electrical 
Engineering. Illustrated by slides. November 17. At- 
tendance 31. 


Washington University 

Business Meeting. December 1. Attendance 24. 

Trip to Bell Telephone Building, St. Louis, to inspect automatic 
switching equipment, and apparatus for transmitting 
pictures by wire. December5. Attendance 30. 

University of Washington 

The Conditions Under Which the Student Works at the General 
Electric Company, by W. Joyce, student. November 11. 
Attendance 60. 

The New Great Northern Cascade Tunnel and Its Construction, 
by R. W. Barker, student. November 18. Attendance 29. 


Electrification Statistics, by R. Beeuwkes, Elec. Engr., C. M. & 
St. P. R. R. 
tendance 40. 


Illustrated by slides. December 2. At- 
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Washington and Lee University 
Automatic Telephony, by R. E. Kepler, student. General dis- 
eussion of the condition at Washington and Lee University. 
November 21. Attendance 8. 


Business Meeting. December 2. Attendance 8. 


West Virginia University 


Radio Beacon Helps Fliers, by H. I. Burner; Automatie Control 
for Steam Railways, by J. R. Cooke: Niagara Falls, by 
Ivan Vannoy; Arrester Protection for Watt-Hour Meters, 
by D. E. Akins; Electrifieation of Steam Railways in the 
Lumber District, by John Tinivelli; Rehabilitation of South 
Shore Line, by H. M. Brosius, and New Electrolytic Process 
for Zinc Production, by Earl Milam. November 14. 
Attendance 32. 

Seventy-Five Million Dollars to Save Twenty Minutes, by S. J. 
Donley, and 

The Place of the Synchronous Motor in Industry, by R. N. Kirch- 
ner. Arrangements made for Electrical Department’s float 
in Thanksgiving Day parade. November21. Attendance 34. 


Worcester Polytechnic Institute 

Continuous Threads of Activity, by Prof. V. Karapetoff, Cornell 
University. He also read a poem which he has written, 
entitled ''The Immigrant." November 28. Attendance 
150. 

University of Wyoming 
Business Meeting. November 15. Attendance 7. 
Yale University 

Discussion of plans for exhibition to be held December 11-12. 
Mr. Foulds reported for the Exhibition Committee. Mr. 
Frank reported for the Advertising Committee. Prof. A. E. 
Knowlton gave a brief history of the exhibition. Chairman 
W. J. Brown spoke on the Regional Meeting which will be 
held in New Haven next Spring, at which time a Student 
Convention will be held. October 25. Attendance 21. 


Engineering Societies Library 


926 200050600909 0040 4 QUDPELUTH CH Ran eR RDO RR 90T2 T 000 (094 C9 00460 IOC0 00900. 


The library ts a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 


It is ad minstered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 


most of the important periodicals in its field. It is housed in the Engineering Societies Building, 29 West Thirty- 


ninth St., New York. 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library ts 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. 


The library ts open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 6 p. m. 


BOOK NOTICES, NOV. 1-30, 1927 

Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume respon- 
sibility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 
ZAHIGKEITSMESSUNGEN AN FLUSSIGKEITEN UND UNTERSUCH- 

UNGEN VON VISKOSIMETERN. 

By S. Erk. Berlin, V. D. I. Verlag, 1927. (Forschung- 
sarbeiten auf dem Gebiete des Ingenieurwesens, heft 288). 54 
pp., diagrs., tables, 11 x 8in., paper. 6,-r.m. V.D.I. members 


5,40 r. m. 

The purpose of these investigations was the construction of a 
vis-osimeter with an absolute scale, for basic measurements, and 
the examination of viscosimeters in practical use. A standard 
viscosimeter was constructed, with which the viscosity of aniline 
and various oils was measured at various temperatures. With 


this standard the exactitude and fields of usefulness of the 
Kugler viscosimeter and other commercial types were then 
investigated and a formula derived for the conversion of measure- 
ments with them into absolute measurements. 


VALUATION, DEPRECIATION AND THE RaTE-BASE. 


By Carl Ewald Grunsky. 2nd edition. N. Y., John Wiley 
& Sons, 1927. 500 pp., tables, 9 x 6 in., cloth. $5.00. 

Dr. Grunsky has revised and extended his analysis of the 
valuation problem in this new edition. New chapters on ‘‘The 
standard of value,” on some '' Elements deserving special consid- 
eration when rates are to be fixed," and on ''A few recent court 
deeisions" have been added, and the tables have been inereased 
in number and made more accurate. 


SCHIESS UND SPRENGSTOFFE. 
By Ph. Naoum. Dresden u. Lpz., Theodor Steinkopff, 1927. 
199 pp., illus., 9 x 6 in., paper, 12,50 r. m.; bound 14.-r. m. 


A monograph upon the manufacture of modern explosives in 
which developments during and since the World War are sys- 
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tematically presented, with ample references to the original 
publications. l 


' ROTARY CONVERTERS. 


By E. P. Hill. N. Y., D. Van Nostrand Co., 1927. 329 
pp., illus., diagrs., tables, 10 x 6 in., cloth. $9.00. 


A treatise dealing with the principles and operating character- 
isties of the rotary converter, written especially for the engineer 
responsible for the purchase, operation or testing of this machine. 
The detailed design of converters is therefore omitted, and 
attention is concentrated upon their constructional features, 
auxiliaries, methods of operation and control, operating charac- 
teristics, testing, advantages, ete. The book is provided amply 
with illustrations and a good list of references. 


PosrTPoNIiNG STRIKES; & Study of the Industrial Disputes 
Investigation Aet of Canada. 


By Ben M. Selekman. N. Y., Russell Sage Foundation, 1927. 
405 pp., tables, map, 8x 5in.,cloth. $2.50. 


The Industrial Disputes Investigation Act adopted by Canada 
in 1907 has been so frequently pointed to as a model for American 
legislation to prevent strikes on publie utilities that the Russell 
Sage Foundation undertook & study of its operations. "The 
results of investigations over & period of ten years are contained 
in the present report. The author diseusses the effects of the 
law, the methods of administration that have proved effective, 
the attitude of employees and emplovers and the significance of 
Canadian experience for the United States. 


NEUERE METHODEN ZUR STATIK DER RAHMENTRAGWERKE, V. 2; 
Der Bogen und das Brückengewólbe. 


By A. Strassner. 3rd edition. Berlin, Wilhelm Ernst & 
Sohn, 1927. 171 pp., diagrs., tables, 11 x 8in., paper. 12.-r. m. 


This book applies modern methods to the ealeulation of 
arches and arch bridges, especially those of reinforced concrete. 
The theory of the elastic arch is first developed and then applied 
to the calculation of bridge arches. "Tables are given which 
include the influence lines and moments of arches for most cases 
that occur in practise, which can be used directly for calculation. 
The design of arches is then discussed and illustrated. The 
last section treats of the design of successive arches on elastic 
piers. 


NEUE TABELLEN UND DIAGRAMME FUR W ASSERDAMPF. 


By Richard Mollier. Fifth edition. Berlin, Julius Springer, 
1927. 28 pp., 11x8 in., paper. Price not quoted. (Gift of 
Author). 


A revised and enlarged edition of Mollier's steam tables, 
extended over higher pressures and temperatures. 


Dir MascHINENELEMENTE, V. 1. 


By Felix Rótsceher. Berlin, Julius Springer, 1927. 
illus., diagrs., 11 x 8in., bound. 41.-r. m. 


An unusually comprehensive work on machine elements, 
intended both as a text-book and as a referenee work for the 
designer. The first section gives a general review of the impor- 
tant formulas and principles of the strength of materials; the 
second, the properties of the various materials. Section three 
discusses the general principles governing the form of machine 
elements. Succeeding sections treat of various elements in 
detail. A useful list of references is included. 

Throughout the discussion the author calls attention not only 
to the calculation of the various elements but also the effects of 
methods of manufacture and of working conditions upon their 
form. 


600 pp., 


LEHRBUCH DER METALLHUTTENKUNDE, V. 1; Gold, Silber, 
Platin, Kupfer. 
By Victor Tafel. Leipzig, S. Hirzel, 1927. 426 pp., illus., 
diagrs., plates, 10 x 7 in., paper. 25.-r. m. 


The first volume of a modern text-book on metallurgy, 
planned to give the German student, at reasonable cost, an 
. adequate account of current practise. The author endeavors 
not only to tell how the metals are being extracted, but why this 
or that process is in use today. He therefore has tried to make 
clear the relation of the processes, furnaces and apparatus to the 
underlying reactions and the working conditions that proceed 
from them. The commercial viewpoint is also recognized. 
No room is given to processes no longer used, nor to historical 
data. 


Journal A. I. E. E. 


This volume covers gold, silver, platinum and copper. A 
second will treat of the remaining non-ferrous metals of 
importance. 


Den KUGELSCHLAGHARTEPRUFER. 


By J. Class. Berlin, V. D. I. Verlag, 1927. 
sarbeiten auf dem Gebiete des Ingenieurwesens. 
20 pp., diagrs., tables, 12 x 8 in., paper. 


(Forschung- 
Heft 296). 
Price not quoted. 


Dynamic hardness testers are cheaper and more portable 
than the statice type and have consequently recently again 
attracted attention. Their advantages have led to this study, 
which endeavors to throw light upon the principles governin 
their use by an investigation of the relations between static an 
dynamic testers. 


KATHODENOSZILLOGRAPH. Forschungshefte der Studiengesell- 
schaft Hochstspannungsanlagen .... heft 1. Edited by 
A. Matthias. Berlin, Vereinigung der Elektrizitatswerke 
e. V., 1927. 77 pp., illus., diagrs., 12x 8 in., paper. 12.- 
r. m. 


Contains three articles by Dr. D. Gabor on the oscillography 
of traveling waves with the cathode ray oscillograph and on the 
use of thisinstrument in the investigation of protective apparatus 
for high-voltage lines. The publication is issued by: a society 
for the study of high-tension transmission problems which 
unite the principal power-plants and eleetrical interests of 
Germany. 


EXAMPLES IN THE STRENGTH AND ELASTICITY OF MATERIALS. 


By G. W. Bird. Lond., Edward Arnold & Co., 1927. (Publ. 
in the U. S. by Longmans, Green & Co.). 196 pp., 8x 5 in., 
eloth. $1.00. (Gift of Longmans, Green & Co.). 


Presents the subject through a collection of worked problems 
accompanied by the reasoning leading to the formulas involved. 
The book covers the instruction necessary to pass the exami- 
nations of the various English examining bodies. 


EINFUHRUNG IN DIE HOHERE MATHEMATIK. 


By Fritz Wicks. Berlin, Julius Springer, 1927. 2 v., 9x6 
in., bound. 24-r. m. each. 


A text-book for students of engineering and science, covering 
the differential and integral calculus, differential equations, series, 
analytical geometry and nomography. The book in intended to 
give a sound theoretical training in mathematics while connecting 
the theoretical discussions with practical problems; and to 
provide praetise by using the general theory in the solution of 
physical, chemical and technical problems. 


ALLUVIAL PROSPECTING. 


By C. Raeburn and Henry B. Milner. Lond., Thomas 
Murby & Co.; N. Y., D. Van Nostrand Co., 1927. 478 pp., 
illus., plates, diagrs., 9x6 in., cloth. 36s. (Gift of Thomas 
Murby & Co.) 


In this book, a geologist and a petrologist of experience have 
collaborated to produce a comprehensive volume, in which the 
principles of sedimentary petrology are adapted to the economic 
requirements of alluvial work. 


The authors stress the importance of both geological knowledge 
and laboratory practise in alluvial prospecting. The general 
field characters of alluvial and allied deposits are first described. 
The internal structure and the composition of the various types 
are then discussed, the origin of their constituent minerals is 
traced, the methods of transportation and accumulation are 
reviewed, and the concentration and distribution of the pay- 
dirt described. Prospecting methods are described in detail, 
and methods given for field and laboratory investigation of 
alluvial minerals. 


ATLAS METALLOGRAPHICUS, Tafel 1-16. 


By Heinrich Hanemann and Angelica Schrader. Berlin, 
Gebrider Borntraeger, 1927. 2 pts., 11 x 8 in., paper. pt. 1, 
7,00 r. m.; pt. 2, 6, 75 r. m. 


This publication aims to fill the need for a comprehensive 
collection of micrographs of the structure of materials which is 
felt by every metallographie laboratory. It is based on the 
collection of the Berlin Technical High Sehool, which comprises 
over 7500 specimens of metals. 

The Atlas will appear in thirty parts, each containing eight 
plates, with eight photographs to the plate. Extreme care has 


Jan. 1928 


been exercised in making and reproducing the photographs, 
and all necessary explanations accompany them. A brief 
general text is included. 

The two parts at hand contain photographs of carbon and alloy 
steels after various heat and mechanical treatments. 


A. S. T. M. Tentative Sranparps, 1927. Phila., American 
Society for Testing Materials, 1927. 824 pp., diagrs., 
9 x 6 in., paper, $7.00; cloth, $8.00. 


_ The 1927 volume of tentative standards contains 175 specifica- 
tions for ferrous and other metals; cements; limes; gypsum and 
clay products; preservative coatings and petroleum products; 
road, waterproofing and roofing materials; rubber products and 
insulating materials; textiles; fuels; and timber. It contains 
all those in force upon September first and supplements the book 
of Standards by giving the latest thought of the various com- 
mittees upon specifications which are still on trial. 


GEODASIE. 


By Gustav Forster. Berlin, Walter de Gruyter & Co., 1927. 
122 pp., illus., diagrs., 6 x 4 in., cloth. 1,50 r. m. 
A very brief survey of the surveving of countries and of higher 


geodesv, intended for those who wish & concise account of the 
principles and the more important calculations. 


COURSE IN ELECTRICAL ENGINEERING, v. 1; Direct Currents. 


By Chester L. Dawes. Ed. 2. N. Y., McGraw-Hill Book Co., 
1927. (Electrical Engineering texts). 589 pp., illus., diagrs., 
8x6in., cloth. $4.00. 


This textbook begins with the most elementary conceptions 
of magnetism and current-flow and gradually advances to a 
discussion of the many types of direct-current and alternating- 
current machinery, transmission devices, ete., that are met in 
practice. It is planned primarily as an introduction to more 
advanced textbooks and also for use by engineering students 
who are not specializing in electrical engineering, but has proven 
pru in electrical engineering courses also. The last use has 

n recognized in this edition by the inclusion of a more ad- 
vanced nature. Other changes suggested by experience have 
been made. 


DENKSCHRIFT UBER Dire MASCHINENINDUSTRIE DER WELT. 
Bestimmt far das Komitee B des Vorbereitenden Auss- 
chusses der Internationalen Wirtschaftskonferenz des Volker- 
bundes, Berlin-Charlottenburg, Oktober 1926. Verein 
Deutscher Masch nenbau-Anstalten. 194 pp., diagrs., 
tables, 11 x 9in., paper. 7,50 r. m. 

An interesting and valuable statistical study of the machinery 
fndustry of the world, excluding electrical machinery and boilers. 
T he producing capacity, present production, number of workers, 
hours of labor, output, wages, export and import, tariffs, prices, 


etc., as at present and in 1913, are tabulated and compared for 
the different countries. 


DESIGN AND CONSTRUCTION OF Dams. 
By Edward Wegmann. 8th edition. N. Y., John Wiley & 
Sons, 1927. 740 pp., illus., plates, 12 x 9 in., cloth. $17.50. 


The particular point of interest in the new edition of this 
well-known treatise is the inclusion of a section upon multiple- 
arch dams, by Dr. Fred A. Noetzli. Descriptions of a number 


of notable recent dams have also been added, and minor re-. 


visions have been made throughout the book. 
ELECTRICAL ENGINEERING PRACTISE, v. 2. 


By J. W. Meares and R. E. Neale. 
John Wiley & Sons, 1927. 
in., cloth. $6.50. 

This book aims to be between the pocketbook of bare data and 
the highly technical works written for specialists in various 
branches of electrical engineering. The present volume treats 
of the transformation, conversion, storage, and distmbution of 
electricity; and its applications to lighting, heating, welding and 
eutting. The treatment is much augmented, as comparedwith 
earlier editions, and the text has been entirely rewritten. 


EssAYS ON THE ART AND PRINCIPLES OF CHEMISTRY. 


By Henry E. Armstrong. N. Y., Maemillan Co. [1927]. 
2,6 pp., plate, 9 x 6 in., cloth. $4.00. 


The essays here brought together have appeared in various 
magazines and other publieations from time to time. While 


4th edition. N. Y., 
532 pp., illus., diagrs., tables, 9 x 6 
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they treat of many topies, they all are concerned with important 
questions of chemical theory, upon which Professor Armstrong 
holds opinions that are not in accord with those generally enter- 
tained by his colleagues. The charm and vigor of the author's 
style make reading a pleasure. 


GEMEINFASSLICHE DARSTELLUNG DER GESAMTEN SCHWEISS- 
TECHNIK. 


By P. Bardtke. Berlin, V. D. I. Verlag, 1927. 
illus., 8x 6 in., cloth. 12,50 r. m. 


In this book the various processes of welding, by gas, oleetric- 
itv, and alumino-thermy are discussed at length, from the point 
of view of the practical welder. The apparatus and methods 
used in each process are described, instructions for becoming a 
welder are given, the economies of the different processes are 
discussed, and methods of testing welds are given. <A chapter is 
devoted to accident prevention, and an appendix treats of gas 
and electric cutting. Numerous illustrations of the applicatons 
of the different processes are given and the relative suitability 
of the different methods for various kinds of welding is given 
special attention. 


280 pp., 


GENERAL CHEMISTRY. 


By Leon B. Richardson. N. Y., Henry Holt & Co., 1927. 
812 pp., illus., ports., 9 x 6 in., fabrikoid. $3.75. 


A text-book on general inorganic chemistry for college students, 
intended as a course for those studying chemistry for cultural 
purposes, and as an introduction to the science for those who 
intend to become chemists. More illustrative, explanatory and 
historical material is included than is usual, with the result 
that the work is unusually readable and clear. 


HANDBOOK FOR HiGuHway ENGINEERS. 


By Wilson G. Harger and Edmind A. Bonney. 4th edition. 
N. Y., MeGraw-Hill Book Co., 1927. 1721 + 32 pp., diagrs. 
tables, 7 x 4 in., fabrikoid. $6.00. 


This handboook is intended to supply all the data necessary 
in the everyday work of highway engineers, including both the 
information needed for general planning and that required for 
the detail work of surveying, designing and construction. 

The text of this edition has been entirely rewritten. Chapters 
on road construction and on railroad grade crossing protection 
have been added. The additions total 700 pages, an increase 
of 70% over the third edition. 


HouzBRUCKEN. 


By K. Sehaechterle. Ber. u. Lpz., Walter de Gruyter & Co., 
1927. 124 pp., illus., diagrs., tables, 6 x 4 in., cloth. 1,50 r. m. 


Although steel and masonry bridges have largely replaced 
wooden ones, there has recently been a revived interest in the 
latter in parts of Europe, where the war has disturbed normal 
conditions. This little book gives a brief, historical survev 
of the wooden bridge, treats of the principal varieties of wood 
and their properties, and discusses design, construction, types, 
ete. 


Human MACHINE IN INDUSTRY. 


By Richard T. Dana. N. Y., Codex Book Co., 1927. 
graphs, tables, 7 x 6 in., cloth. $4.00. 


Contents: General principles.—Fuel requirements.—Cooling 
requirements.—Fatigue.—Rest  periods.— Economie hours of 
work.—Relative efficiencies of men and women.—Occecupational 
age limits.—Industrial diseases.—Effect of stimulants on effi- 
clency.— Morbidity. 

The contents give a good idea of the scope of this book, which 
brings together hitherto scattered information of interest to 
employers and valuable to those attempting to improve industrial 
efficiency. 


312 pp., 


INTRODUCTION TO THE MATHEMATICS OF STATISTICS. 


By Robert Wilbur Burgess. Bost., Houghton Mifflin Co., 
1927. 304 pp., diagrs., tables, 8 x 6 in., cloth. $2.50. 


This book by the Senior Statistician of the Western Electric 
Company, is designed for students, busines statisticians and 
others who wish a working knowledge of the subject but who are 
not sufficiently prepared in mathematics to follow abstruse 
theoretical discussions. To these readers, the book aims to 
give a general, but elementary outline of the best methods of 
statistical analysis, with an explanation and discussion of these 
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methods, in which no mathematical knowledge beyond that 
acquired in a high-school course is assumed. 


Lerax Rapiro HANDBOOK. 


By J. H. Dellinger. Philadelphia, Lefax, Ine., 1927. 
7th loose-leaf edition. v. p., illus., diagrs., tables, 7 x 5 in., 
fabrikoid. $3.50. 

This handbook is intended to give the novice a clear under- 
standing of the principles underlying radio and, more especially, 
of those connected with receiving apparatus. It discusses the 
fundamental principles, the elements of receiving and trans 
mitting apparatus, the assembling and operating of receiving 
sets, and antennas, and also supplies & collection of useful data. 
The handbook has loose leaves and new data may be obtained 
regularly from its publisher, for insertion. 


LiaurT. 


By F. Bray. Lond., Edward Arnold & Co., [N. Y. Longmans, 
Green & Co.] 1927. 284 pp., illus., ports., diagrs., 8 x 5 in., 
cloth. $2.25. 


Àn elementary text-book for use in secondary schools, intended 
to satisfy the requirements of a general education and also to 
prepare the student for further study of the subject. 


MECHANICS OF MATERIALS. 


By George Young, jr., and Hubert E. Baxter. N. Y., Mac- 
millan Co., 1927. (Engineering Science series). 451 pp., diagrs., 
9x6in., cloth. $4.00. 


_ An introduction to the mechanical aspects of construction, 
intended to emphasize general principles and to give the student 
a working knowledge of the theory underlying the design of 
structures. 


OVERHEAD ELECTRIC POWER TRANSMISSION ENGINEERING. 


By William T. Taylor. Lond., Charles Griffin & Co., Phila., 
J. B. Lippineott Co., 1927. 532 pp., illus., diagrs., tables, 
9x6in.,eloth. $17.50. 


A sound practical treatise on overhead line construction and 
use. A wide range of subjects is covered and the electrical 
and mechanical principles involved are clearly explained. Illus- 
trations of current practice are used freely and many useful 
tables are given. 


JvERHEAD SysteEMsS REFERENCE Book. 1927. 


By a Special Committee of the Overhead Systems Committee, 
Engineering National Section, National Electric Light Associa- 
tion. N. Y., National Electric Light Association, 1927. 572 
pp., illus., diagrs., tables, 11 x 8 in., fabrikoid. $7.50; to 
N. E. L. A. members, $5.00. 


_A revision of the “Handbook on Overhead Line Construc- 
ton," with additional data collected since its publication. 
It presents descriptions of the apparatus, material, methods and 
principles involved in the construction of overhead electric lines, 
with formulas for solving electrically and mechanically various 
problems of transmission and distribution. 


PRINCIPLES OF CHEMICAL ENGINEERING. 

By Wiliam H. Walker, Warren K. Lewis and William H. 
McAdams. 2d edition. N. Y., McGraw-Hill Book Co., 1927. 
(Chemical Engineering series). 770 pp., illus., diagrs., tables, 
9x6in., cloth. $5.00. 


This volume first reviews the principles of stoichiometry. 
Following this, the phenomena accompanying the flow of heat 
and the flow of fluids, with the laws governing them, are considered 
in detail. Fuels and their efficient combustion are then dis- 
cussed, after which processes of crushing and grinding, of 
mechanical separation and of filtration are described. Evapora- 
tion, drying, distillation and the other processes depending upon 
vaporization are finally treated. "Throughout, the scientifie 
principles underlying practical methods are emphasized, and the 
reader taught how to apply them to specific problems. 
PRiNciPLES OF RADIO COMMUNICATION. 


By John H. Morecroft. 2d edition. N. Y., John Wiley & 
Sons, 1927. 1001 pp., illus., diagrs., tables, 9 x 6 in., cloth. 
$7.50. 


An excellent general text-book covering the theory of radio 
telegraphy and telephony and illustrating the application of this 
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theory in practice. This edition has been thoroughly revised in 
the light of progress since the previous issue. Much of the 
earlier matter has been deleted and much new matter has been 
added; the result being a much more thorough and complete 
text. 


RoBiNsoN's MANUAL OF RaApio TELEGRAPHY AND TELEPHONY 
FOR USE OF NAVAL RADIOMEN. 


By Rear Admiral Robison, revised by S. C. Hooper and 
T. A-M. Craven. 7th edition. Annapolis, Md., U. S. Naval 
Institute, 1927. 737 pp., illus., diagrs., tables, 10 x 7 in., 
cloth. $5.50. 


Robison’s Manual, first published in 1907, is intended for 
student operators and others who wish an account of the elemen- 
tary principles of the art and descriptions of the apparatus 
commonly used. In this latest edition the theory of radio 
communication is set forth in the first section. A second section 
deals with the transmission and reception of radio signals and 
with the radio compass. Radio measurements and precision 
instruments are discussed in a third section. A set of useful 
tables is included. 


SOUND, A Puysicau TEXT-Book. 


By E. G. Richardson. N. Y., Longmans, Green & Co., 
1927. 286 pp.,9x6in., cloth. $06.00. 


Covers the requirements of university students who have 
some knowledge of physics and of elementary calculus, while 
at the same time it offers the research worker and technician 
an account of recent important investigations, with references 
to almost all complete papers since 1907. It is a good summary 
of the results of recent experimental research. 


STORY OF CHEMISTRY. 


By Flovd L. Darrow. Indianapolis, Bobbs-Merrill Co., 
1927. 528 pp., illus., port.,9 x 6 in., cloth. $4.00. 

A popular work on chemistry and its modern industrial and 
scientific achievements. Starting with a history of the develop- 
ment of the science, the author discusses achievements in the 
use of fuels; in agriculture, war and disease prevention; rubber; 
colloids; metallurgy; and the synthesis of ehemieals. The book 
is readable and entertaining. 


TASCHENBUCH DER DRAHTLOSEN TELEGRAPHIE UND TELEPHONIE 


By F. Banneitz. Berlin, Julius Springer, 1927. 1253 pp., 
illus., diagrs., tables, 8 x 5 in., cloth. 64,50 r. m. 

Like most engineering pocket-books, this is the work of & 
group of specialists. It covers the entire field of radio-telephony, 
as well as the physical and technical principles of related subjects, 
and attempts to bring together in one volume all the data 
commonly needed by the radio engineer, research worker and 
operator. It would undoubtedly prove valuable to everyone 
in its field. 


TecunicaL METHODS oF ORE ANALYSIS FOR CHEMISTS AND 
COLLEGES. 


By Albert H. Low. 10th edition. N. Y., John Wiley & 
Sons, 1927. 348 pp., 9 x 6 in., cloth. $3.50. 

A collection of tested methods for the determinations usually 
required of the technical chemist. Very exact, detailed 
directions are given. This edition has been revised and some new 
matter added. 


THERMODYNAMISCHE GRUNDLAGEN DER KOLBEN-UND TURBO 
KOMPRESSOREN. 


By Adolf Hinz. 2nd edition. Berlin, Julius Springer, 1927. 
68 pp., diagrs., charts, 12x 9 in., bound. 225.-r. m. 

These charts give quick, reliable answers to the eomplieated 
ealeulations that arise in designing eompressors, and give the 
designer and testing engineers the bases for calculations about 
sizes and relationships in convenient graphie form. 
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Employment Service 


Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 
ing with the Western Society of Engineers. The service is available only to their membership, and is maintained as a coop- 
erative bureau by contributions from the societies and their individual members who are directly benefited. 


Offices:—S1 West S9th St., New York, N. Y.,—W. V. Brown, Manager. 
68 West Jackson Blvd., Room 1786, Chicago, IU., A. K. Krauser, Manager. 


67? Post St., San Francisco, Calif., N. D. 


ook, Manager. 


MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 


period of 


of the month. 


three months and are renewable upon request. 
EMPLOYMENT SERVICE, 31 West 39th 


Names and records will remain in the active files of the bureau for a 
Notices for this Department should be addressed to 
treet, New York City, and should be received prior to the 15th day 


OPPORTUNITIES.—A Bulletin of engineering positions available ts published weekly and is available to 
members of the Socielies concerned at a subscription rate of $8 per quarter, or $10 per annum, payable in advance. Posi- 


tions not 


VOLUNTAR 


led promod as a result of publication in the Bulletin may be announced herein, as formerly. 
CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 


invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year's salary; temporary positions (of one month or less) 
three per cent of total salary received. The income contributed by the members, together with the finances appropriated 
by the four societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 


LARGE MANUFACTURER of railway sig- 
nalling and automatic train control apparatus, 
desires 3 technical graduates, who have had from 
2 to 4 vears' experience with a manufacturing 
concern or with a development laboratory in the 
design or development of small electrical ap- 
paratus such as small motors, relays, automatic 
telephone apparatus, and supervisory control 
apparatus. Thorough grounding in mathematics, 
physics, and the fundamentals of electrical engi- 
neering is required. Apply by letter. Location, 
East. X-3701-C. 


MEN AVAILABLE 


ELECTRICAL ENGINEER, 32, single, de- 
Sires position with engineering concern or public 
utility. Six and a half years’ experience in power- 
piant and substation design. Speaks foreign 
languages. Available on short notice. Location, 
East or Middle West. C-2710. 

RECENT GRADUATE, B. S. in E. E. 22, 
single. good health. desires position with a Utility 
Company or Manufacturing Company having 
interests. abroad. Location preferred, Eastern 
States, Canada or South America. Willing to 
work hard and conscientiously. Good references. 
Available immediately. C-3795. 

SUPERINTENDENT, A.S.M. E, A.L E.E., 
36. married, 14 years’ experience covering rail- 
road location and construction, design and 
installation of water works, power plants, sewage, 
Canals; county and city engineers; industrial 
surveys: town planning, street and highway 
construction. Location, anywhere, Tropical pre- 
ferred. C-3375. 

EXECUTIVE, A. S. M. E., A. I. E. E. 
A. S. C. E., 48, American, single, graduate engi- 
peer. last ten years chief engineer, technical ad visor, 
lately director, leading American corporation 
manufacturing hardware tools and steel. 26 
years successful experience; executive, production 
manager, engineer, designer, leading American, 
for-ign manufacturing plants, steel works. 
Developed new lines, processes: negotiated im- 
portant contracts. Widely traveled: six languages. 
Location preferred, anywhere. C-1694. 

ELECTRICAL ENGINEER, 34, married, ten 
years’ experience, engineering tests, utility electri- 
cian and meter expert, High School and College 
teacher electricity. Asst. Engineer Bureau of 
Standards. Writing Ability. Salary, moderate. 
Location, anywhere. B-8193. 


ELECTRICAL ENGINEER. Eighteen years’ 
experience. Manufacturing executive and chief 
engineer. Development and design of apparatus 


and instruments. Manufacturing methods and 
processes. Broad experience in organization and 
administration. American, Christian. B-2721. 
ELECTRICAL ENGINEER, 24, married. 
Graduate B. E. S., 1924. 26 months Westing- 
house Test. Some business experience. Not 
afraid of work. 15 days’ notice. Location, 
New York or New England. C-3904. 
ASSISTANT EXECUTIVE-ADMINISTRA- 
TIVE, 36, married. Well balanced experience: 
fifteen years covers: industrial surveys, cost 
analyses, commercial statistics, advertising and 
administrative control. Seven years’ large com- 
pany servicing subsidiaries and clients. Public 
utility experience. Prefers administrative or 
commercial to strictly technical. Location pre- 
ferred: New England or New York. B-9122. 
ELECTRICAL ENGINEER, 27. Four years’ 


experience in electrical construction. distribution . 


and general testing with public utility corpora- 
tions. Would like some research or development 
work in New York or vicinity. Available on 
short notice. B-8751. 

SALES ENGINEER, for Far East, technical 
graduate: mechanical, radio and 3 years’ business 
college, 34, single, speaking several languages, 
extensively traveled Europe; 2 years in Orient, 
Manchuria, Japan, India. Desires position in 
Far East as sales representative or commercial 
work where his experiences are valuable. C-3917. 

JUNIOR DISTRIBUTION ENGINEER, 27, 
good technical and business training; 7 years 
public utility fleld construction, operation, in- 
spection and distribution. Experienced in threc- 
phase change over and other reconstruction work. 
Location, immaterial. C-3516. 

TECHNICAL GRADUATE, 25, single, ex- 
perienced on development, standardization and 
repair of instruments and meters desires position 
here or abroad. C-3911. 

ASSISTANT TRANSMISSION OR DISTRI- 
BUTION ENGINEER, 26, married. 1923 grad- 
uate: 16 months Westinghouse Test; 18 months 
distribution engineering, making maps and 
records, lists and investigations, revamping and 
new overhead layouts; 20 months Engineering 
Department planning extensions, electrical calcu- 
lating. estimating, budget and tax work. Loca- 
tion preferred, East. C-3694. 


MECHANICAL AND ELECTRICAL EN- 
GINEER, Cornell graduate, 18 years’ experience 
including efficiency engineering for large industrial 
paper mill along steam and power production 
lines; combustion studies, boiler-house rehabilita- 
tion, etc.; industrial sales engineer for utility. 
Prior to foregoing: supervision electrical installa- 


tions for large electrical manufacturer in Eastern 
City. B-6764. 

PUBLIC UTILITY SALES ENGINEER, 41, 
married. Experience: 5 years with electrical 
manufacturer, 8 years construction and 8 years 
clectrical power sales with public utilities. Avail- 
able one month. C-3919. 

PROFESSOR, ELECTRICAL ENGINEER- 
ING. Ten years teaching experience covering 
al the regular and many specialized electrical 
courses. Contact with the industry has been 
broad and covers design. construction &nd applica- 
tion. Well acquainted with the educational needs 
of the engineering profession. Change desired 
because present position does not encourage re- 
search. B-7083. 

ELECTRICAL ENGINEER, 27, single. grad- 
uate electrical engineer, five years’ experience: 
three years in general electric traction work, two 
years in layout of electric locomotives, desires 
permanent connection. Employed at present but 
available on short notice. C-3355. 

SALES ENGINEER, ten years electrical 
sales and sales promotion career. Organizer of 
salesmen, sales policies and incentive plans. 
Knowledge of consumer, dealer and jobber re- 
quirements. Possesses keen, aggressive mind, 
convincing personality. Unusual wide acquaint- 
ance throughout United States. College graduate. 
Available January Ist. B-8462. 

GRADUATE ELECTRICAL ENGINEER, 
34, married, desires position as superintendent of 
construction with public utility or contractor. 
Ten years’ experience including design and con- 
struction of high tension automatic and manually 
operated substations. Desires permanent posi- 
tion. Middlewest preferred. A-3191. 

GRADUATE ENGINEER. B. S. in E. E., 26 
years of age, with wide technical training, 2 
years drafting and 3 years of law school work, 
desires position in patent attorney's office or 
where above training will be valuable. Location: 
in or about Philadelphia, Pa. C-228. 

ELECTRICALMECHANICAL ENGINEER, 
52, married, wide and diversified experience in 
survey, design, installation and rehabilitation of 
industrial and power plants coupled with practical 
knowledge of power plant operations as well as 
cleetrical and mechanical construction. New 
York preferred. | B-5327. 


ELECTRICAL ENGINEER, 30, married, 
Columbia engineering degree, four years’ .ex- 
perience; 1 year telephone testing, designing, 
3 years research. supervision measuring instru- 
ments large public utility including high potential 
testing and refrigeration, desires connection 
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industrial or public utility for rescarch of original 
nature or engineering work leading to management. 
Location, New York City or vicinity. B-8977. 

ASSISTANT EXECUTIVE, 30, married, 
degrees E. E. and B. 8. Eight years' diversifled 
experience covering planning, administrative 
control, estimating, special studies, designing and 
construction. Seven years’ experience in trans- 
mission and distribution. One year manufactur- 
ing experience. Four years in supervisory 
capacity. Desires position requiring executive 
ability. Location, New York. B-7315. 
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ASSOCIATES ELECTED DECEMBER 3, 1927 


ALBERT, CHARLES, Cable Inspection, Elec- 
trical Testing Laboratories, 80th St. & East 
End Ave., New York; for mail, Brooklyn, 
N. Y. 

BAKKER, JOHN BEREND, Electrician, Great 
Western Power Co. of California, 1700 
Broadway, Oakland, Calif. 

BARR, ROWLAND WALLACE, Electrical 
Engineering, Bucyrus Co., So. Milwaukee, 
Wis. 

BARTON, CHARLES GAINOR, Foreman, 
Electric Dept., Ramapo Ajax Corp., Hillburn, 
N. Y. 

SBESSEY, CARLTON EBEN, Electrical 
Research Engineer, Rathen Mfg. Co., 
Kendall Sq., Cambridge; res., Somerville, 
Mass. 

BETZ, PAUL LeROY, Research Assistant, Con- 
solidated Gas, Electric Light & Power Co. of 
Baltimore, Baltimore, Md. 


BRADLEY, WILLIAM R., Sales Manager, 
Missouri Power & Light Co., Excelsior 
Springs, Mo. 


*BRISCOE, LESTER ERNEST, Draftsman, 
Bucyrus Shovel Co., So. Milwaukee, Wis. 
BRYAN, DONALD N, Electrician, First Class, 
Oregon Short Line Railroad Co., Pocatello, 

Idaho. 

BUCKLAND, LESLIE GIBSON, Chief Engi- 
neer, Herbert del Cott Pty., Ltd., 422 Little 
Collins St., Melbourne, Victoria, Aust. 

BYRNS, WILLIAM J., O. W. Greene, 1463 
Broadway, New York; for mail, Brooklyn, 
N. Y. 

CHRISTEN, ARNOLD A., Draftsman, Engi- 
neering Dept., Westinghouse Elec. & Mfg. 
Co., Sharon, Pa. 

DEEM, JOHN S. L., Asst. City Engineer, 
Wanganui City Council, City Engineer's 
Office, Wanganui, New Zealand. 

DETTMER, ARTHUR WALTER, Electrician, 
Construction Dept., Commonwealth Edison 
Co., 72 W. Adams St., Chicago, Ill. 

DONOVAN, GEORGE MELVILLE, Electrician, 
Canadian General Electric Co., Ltd., Toronto, 
Ont.; res., Winnipeg, Man., Can. 

EDENS, JOHN HENRY, Planning Engineer, 
Western Electric Co., Inc., 397 Hudson St., 
New York, N. Y. 

FARRELL, JOHN BASIL, Tester, Toronto 
Hydro Electric System, Duncan & Nelson 
Sts., Toronto, Ont., Can. 

FISCHER, REINHARD M. O., Draftsman, 
Engineering Dept., Bucyrus Co., So. Mil- 
waukee, Wis. 

FRANKLIN, HARVEY DWIGHT, Draftsman, 


Engineering Dept., Bucyrus Co, So. Mil- 
waukee, Wis. 
GAILEY, HARRY M., Electrical Engineer, 


Curlett & Beelman, 1020 Union Bank Bldg., 
Los Angeles, Calif. 
GARLAND, RAYMOND G., Electrical Engi- 
ncer, Illinois Glass Co., Gas City, Ind. 
HALFVARSON, GUSTAF A., Mechanical Engi- 
neer, Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; res., Verona, Pa. 


INSTITUTE AND RELATED ACTIVITIES 


TECHNICAL 'GRADUATE, 23, with four 
years' operating experience in generating and sub- 
Station work, wishes position which will give 
experience in hydroelectric construction and 
development fleld or industrial applications of 
electrical machinery. Location, New York State. 
Available, two weeks. C-3909. 

LICENSED PROFESSIONAL ENGINEER, 
MANAGER, SUPERINTENDENT, 46, mar- 
ried. Graduate electrical engineer and Mas 
ter of Science in engineering, journeyman, 
machinist and electrician; broad and varied 


HARKER, DONALD COBBAN, General Engi- 
neer, Westinghouse Elec. & Mfg. Co., 703 
Crocker First National Bank Bldg., San 
Francisco, Calif. 

HELFMAN, SAMUEL JOSEPHS, 
Engineer, Duquesne Light Co., 
Bidg., Pittsburgh, Pa. 

*HIND, ROLAND FREDRICK, Electrical 
Inspector, Transmission Engg. Dept., New 
York Central Railroad, 466 Lexington Ave., 
New York; for mail, Ossining, N. Y. 

KIRKENDALL, WILLIAM EDGAR, Survey 
Clerk, Los Angeles Railway, 717 E. 16th St., 
Los Angeles, Calif. 

KROUSE, ARTHUR W., Assistant Store Keeper 
& Shipper, Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

LARSON, FRANK A., Draftsman, Electrical 
Engineering Dept., Bucyrus Co., So. Mil- 
waukee, Wis. 

LYNCH, F. EDWARD, Asst. Engineer, Dept. of 
Distributing Stations, New York Edison Co., 
55 Duane St., New York, N. Y. 

MADISON, JOUETTE GRAY, Staunton, Va. 

MARTIN. LEROY DICKINSON, Switchboard 
Specialist, General Electric Co., Pierce Bldg., 
St. Louis, Mo. 

McLEAN, GEORGE EDWARD, Master 
Mechanic, Power House, Stave Falls, B. C., 
Can. 

MITCHELL, JOHN ALBERT, Electrical Engi- 
neer, 71 Coventry St., Kidderminster; res., 
Aston, Birmingham, Eng. 

MITCHELL, JOHN E. MOORE, District 
Manager, Jeffrey-Dewitt Insulator Co., 412- 
413 Glenn Bldg., Atlanta, Ga. 

MORRISSEY, WILLIAM J., Foreman, Distri- 
buting Station Dept., Instructor, School for 
Distributing Stationmen, New York Edison 
Co., 44 W.27th St., New York, N. Y. 

NARUHN, RUDOLF, W. N. Sauer Co., 804 
Crescent St., Pittsburgh, N. S.; for mail, 
East Liberty, Pa. 

NOTT, LORRIN A., District Manager, Sangamo 
Electric Co., 1061 Howard St., San Francisco, 
Calif. 

OLSEN, WALTER, Sales Engineer, American 
Elevator & Machine Corp., 113-115 Cedar 
St., New York: res., Brooklyn, N. Y. 

PIMENTEL, ODILON, Asst. Chief Electrician, 
Cia. Minera San Rafael y Anexas, Pachuca, 
Hgo., Mex. 

REITER, FRANK PAUL, 1117 N. Common- 
wealth Ave., Los Angeles, Calif. 

RICHARDSON, HENRY MARTYN, Electrical 
Engineer, General Electric Co., 1 River Road, 
Schenectady, N. Y. 

RIDDLE, ALEXANDER, Inspector, B. C. 
Electric Railway Co., Vancouver, B. C., Can. 

RIGGS, LOYD H., Substation Operator, 
Commonwealth Edison Co., 72 W. Adams 
St., Chicago, Ill. 

SANDSTROM, EDWARD HERBERT, Engi- 
neer, Pacific Tel. & Tel. Co., 430 Bush St., 
San Franci: co, Calif. 

SMITH, HAROLD SIDNEY, Paciflc States 
Electric Co., 570 1st South, Seattle, Wash. 


Sponsor 
Duquesne 
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electrical and mechanical experience; plant 
management, Production, design, construction 
operation: power-plants, substations, transmission 
and distribution system, special machinery, tools, 
etc. B-8170. i 

ELECTRICAL ENGINEER, 39. married, of 
high reputation, experienced in design and cost 
calculation of electric lighting and industrial 
installations, desires connection with organization 
of consulting engineer or architects. Available 
January 1, 1928. Location, New York City. 
B-8609. 


t 
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*SNEED, DAN H., Transmission Man, American 
Tel. & Tel. Co., 1113 Nashville Trust Bldg.. 
Nashville, Tenn. 

STAINBACK, RAYMOND FRANKLIN, Relay 
Protective Apparatus Maintenance, Caro- 
line Power & Light Co., Laurinburg. N.C. 

SOLTURA, JOSE ANTONIO, Assistant Chief 
Electrical Engineer, Eastern Cuba Sugar 
Corp., Central Moron, Pina. Cuba. 

SWANBERG, OSCAR AUGUST, Special 
Worker, Wilson-Maeulen Co., 353 Concord 
Ave., New York, N. Y. 

TEOMMEY, GEORGE HENRY, Jn.. Inspector, 
Brooklyn Edison Co., Inc., 360 Pearl St.. 
Brooklyn, N. Y. 

THOMAS, HARRY ELLIOT, Junior Engineer, 
Dept. of Development & Research, Victor 
Talking Machine Co., Camden, N. J. 

THOMSON, BRIGHT CAREY, Radio Dept. 
Manager and Engineer, Regina Photo 
Supply, Ltd., 1924 Rose St., Regina, Sask., 
Can. 

TOROK, JULIUS JOSEPH, Engineer, Westing- 
house Elec. & Mfg. Co., East Pitts 
burgh, Pa. 

VANDERSCHAAF, WILLIAM DAVID, Engi- 
neering Assistant, Public Service Production 
Co., 18 E. Park St. Newark; for mail, 
Clifton, N. J. 

WEMPLE, HORACE R., Jr., Estimator, Claude 
Neon Lights, Inc., 50 E. 42nd St., New York, 
N. Y.; res., Elizabeth, N.J. 

WEST, FRANK RAYMOND., Operating Engi- 
neer, Manila Electric Co., Manila. P. I. 

YOGANANDAM, G., Assistant Lecturer. Dept. 
of Electrical Technology, Indian Institute of 
Science, Bangalore, India. 

Total 57 

*Formerly enrolled students. 


ASSOCIATES REELECTED 
DECEMBER 3, 1927 


BALDWIN, BENJAMIN W., Manager, Trans- 
mission Dept., Pacific States Electric Co., 
570 1st Ave. So., Seattle, Wash. 

DOUGHTY, HORACE JOHN, Meter Engineer, 
Ferranti Electric, Ltd., 26 Noble St., Toronto, 
Ont., Can. : 

FRANKENBERRY, THOMAS HOWARD, 
Transformer Engineer, Westinghouse Elec. 
& Nifg. Co., Sharon, Pa. 

MACKEOWN, SAMUEL STUART, Asst. Pro- 
fessor of Electrical Engineering, California 
Institute of Technology, Pasadena, Calif. 

NOCk, HERBERT K., Engineer, General Elec- 
tric Co., West Lynn Works, West Lynn, 
Mass. 


PARKER, JOHN ACTON, Electrical Engineer, 
Niagara, Lockport & Ontario Power Co, 
Jamestown, N. Y. 


TODARO, IGNATIUS, 1939 E. 1st St., Brooklyn, 
N. Y. 


MEMBERS ELECTED DECEMBER 3, 1927 


ALLEN, ARCHIBALD JOHN, Traffic Engi- 
neer, American Tel. & Tel. Co., 195 Broad- 
way, New York, N. Y. 


Jan. 1928 


BICHE, LEON L., Sales Manager, Large Power 
Transformers, General Electric Co., Pitte- 
field, Mass. 

OSTLINE, JOHN ELLIS, Special Development 
Engineer, Automatic Telephone Mfg. Co., 
Milton Road, Edge Lane, Liverpool; for 
mail, London, Eng. 

SCOTT, ALEXANDER THEODORE, Electrical 
Engineer, Balfour, Beatty & Co., Ltd., 66 
Queen St., London, E. C. 4, Eng. 

WILLIAMS, SELDEN T., Chief Engineer, 
Victor Talking Machine Co., Camden, N. J. 


TRANSFERRED TO GRADE OF FELLOW 
DECEMBER 3, 1927 


JOHNSON, J. ALLEN, Electrical Engineer, 
Niagara Falls Power Co., Niagara Falls, N. Y. 

MATTHEWS, CLAUDE L., Vice-President & 
Treasurer, W. N. Matthews Corp., 3722 
Forest Park Blvd., St. Louis, Mo. 

SLEPIAN, JOSEPH, Research Consulting Engi- 
neer, Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. 

STIGANT, STANLEY A., Manager, Trans- 
former Dept., Johnson & Phillips, Ltd., 
London, England. 

WAGNER, EDWARD A., Acting Manager, 
General Electric Co., Pittsfleld, Mass. 


TRANSFERRED TO GRADE OF MEMBER 
DECEMBER 3, 1927 


ASH. PHILIP P., Chief Signal Draftsman, 
Louisville & Nashville R. R. Co., Louisville, 
Ky. 

BARMACK, BORIS J.. Asst. Engineer of Speci- 
fications, Commonwealth Edison Co., Chi- 
cago, Ill. 

BEEKMAN, ROYCE A., Engineer, 
Electric Co., Schenectady, N. Y. 

BURNHAM, JOSEPH L., Designing Engineer, 
General Electric Co., Schenectady, N. Y. 

CHU. FU 1., Electrical Engineer, Chinese Govern- 
ment Telephone Administration, Shanghai, 
China. 

DAZA. GABRIEL A., Supervising Engineer and 
Assistant General Manager, Visayan Electric 
Co.; Assistant General Manager, Visayan 
Electrical Supply Co., Cebu, P. I. 

ENOS, HOWARD A., Distribution Engineer, 
American Gas & Electric Co., New York, 
N. Y. 

EVANS, THOMAS MCK., Section Head, General 
Electric Co., Fort Wayne, Ind. 

FITTING, RALPH U., Valuation Engineer, Los 
Angeles Gas & Elec. Corp.. Los Angeles, Calif. 

FOSTER. JOSEPH T., Purchasing Assistant to 
Vice-President, Public Service Corp. of N. J., 
Newark, N. J. 

MANSFIELD, PERCY B., Electrical Engineer 
(Sales), Armor Electric Mfg. Co., Jamestown, 
N. Y. 

MARYATT, ELMER F., Assistant Engineer, 
Pacific Gas & Elec. Co., San Francisco, Calif. 

McDONALD, JAMES W., Designing Engineer, 
Duquesne Light Co., Pittsburgh, Pa. 

McMANUS. JOHN A., Confidential Assistant to 
Dr. Elihu Thomson and Patent Attorney, 
General Electric Co., West Lynn. Mass. 

MESSNER, ROY L. Division Transmission 
Engineer, Pacific Tel. & Tel. Co., Sacra- 
mento, Calif. 

MURRAY, W. A., Assistant Professor of Elec. 
Engg.. Montana State College, Bozeman, 
Mont. 

REID. ROBERT, Electrical Valuation Engincer, 
Great Western Power Co., San Francisco, 
Calif. 

SANDS, HOWARD T., Executive, Electric Bond 
& Share Co., New York, N. Y. 

SCHILLER, AVERY R., Vice-President in 
charge of Operations, Public Service Co. of 
N. H., Manchester, N. H. 

SISMEY. ERIC D., Station Chief, Powerhouse 


General 


No. 1, Southern Calif. Edison Co., Big 
Creek, Calif. 
SMITH. MORRIS B., Panel Sales Engineer, 


Crouse Hinds Co., Syracuse, N. Y. 


INSTITUTE AND RELATED ACTIVITIES 


STEIN, I. MELVILLE, Asst. Sales Manager, 
Leeds & Northrup Oo., Philadelphia, Pa. 
WELOH, ALFRED F., Engineer, Fractional 
H. P. Division, General Electric Co., Fort 

Wayne, Ind. 

WILSON, WILLIAM, Head Switchgear Develop- 
ment Dept., General Electric Co., Witton, 
Birmingham, England. 

WILTSE, STANLEY B., Assistant Professor of 
Elec. Engg., Rensselaer Polytechnic Institute, 
Troy, N. Y. 

WISE, JOHN 8. Jn. Operating Manager, 
Pennsylvania Power & Light Co., Allentown, 
Pa. 

WRIGHT, RALPH H., General Engineer, 
Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. 


ASSOCIATES ELECTED DECEMBER 16, 1927 


AGGARWAL, JANKIDAS, Demonstrator in 
Electrical Engineering, College of Engineer- 
ing, Poona, India. 

ANDRIESSEN, RIENK, Draftsman, Canadian 
Crocker Wheeler, Ltd., George St., St. 
Catharines, Ont., Can. 

ATTMORE, WILLIAM BARTRAM, Audi- 
torium Engineer, Victor Talking Machine 
Co., 711 Matson Bldg., San Francisco, Calif. 

BATKAY, FRANK, Electrical Tester, Galvano- 
meter Dept., New York Telephone Co., 140 
West 8t., New York; for mail, Brooklyn, 
N. Y. 

BEINDORF, LUCIEN JULES, Electrical Engi- 
neer, Western Electric Co., Inc., Hawthorne 
Sta., Chicago, Ill. 

BENNETT, JOHN STEPHENS, Asst. Manager, 
New York Central Electric Corp., 12 Broad- 
way, Hornell, N. Y. 

BORDEAU, SANFORD P., Engineer, Electric 
Machinery Mfg. Co., 14th & Tyler, N. E., 
Minneapolis, Minn. 

BRODIE, JOHN EARLE, National Electrical 
Engineering Co., P. O. Box 121, Christ- 
church, N. Z. 

BUCHMAN, AMOS RUGBY, Engineer, East 
Ohio Gas Co., 1405 E. Sixth St., Cleveland, 
Ohio. 

CANGEMI, JOHN F., 15 Schaeffer St., Brooklyn, 
N. Y. 

CRAFT, JAMES GEORGE, Electrician, Con- 
solidated Mining & Smelting Co., Trail; 
res., Needles, Arrow Lakes, B. C., Can. 

DERRIG, JAMES W., Laboratory Helper, 
Public Service Gas & Electric Co., Clinton 
Ave. & 21st St., Irvington; for mail, Newark, 
N.J. 

DORKEY, FRANK CARL, Inspector, Auto 
Substation, Rochester Gas & Electric Corp., 
Rochester, N. Y. 

EADIE, THOMAS W., Toll & Transmission 
Engineer, Bell Telephone Co. of Canada, 
Shepherd St., Toronto, Ont., Can. 

ELLERBY, ARTHUR EDWIN, Correspondent, 
Canadian Westinghouse Co., Ltd., Metro- 
politan Bldg., Toronto, Ont., Can. 

ENRIGHT, JAMES DAWSON, Asst. Engineer, 
Engineering Dept., National Electric Light 
Association, 37 W. 39th St., New York, N. Y. 

ERDOS, KAROLY F., Substation Designer, 
IlHnois Power & Light Corp., 500 Compton 
Bidg., St. Louis, Mo. 

EVANS, DAVID THOMAS, General Foreman, 
Power Dept., Granby Consolidated Mining, 
Smelting & Power Co., Anyox, B. C., Can. 

EWING, R. H., Sales Engineer, E. A. Lundy Co., 
2021 Portland Ave., Louisville, Ky. 

FAIRLAMB, WILBUR FIELD, Div. Supt., 
Virginia Electric & Power Co., Suffolk, Va. 

FARR, JAY EDMONDSON, Squad Leader, 
Sargent & Lundy, 1412 Edison Bldg. 
Chicago, Ill. 

GARDINER, CHARLES EDWARD, Jr., Sys- 
tem Opcrator, Adirondack Power & Light 
Corp., Schenectady, N. Y. 
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GERELL, GORDON WILLIAM, Asst. Senio? 
Substation Engineer, Union Electric Light & 
Power Co., St. Louis; for mail, Richmond 
Heights, St. Louis, Mo. 

GORDON, KENNETH HICKOK, Asst. Fore- 
man, Office of Electrical Engineer, Pennsyl- 
vania Railroad, Altoona, Pa. 

GRAHAM, DAVID, Graduate Student, Mass. 
Institute of Technology, Cambridge, Mass. 

GRAYDON, JACK MARTIN, Manager, W. 
Watson & Sons, Ltd., 55 Ghuznee St., 
Wellington, N. Z.; for mall, Sydney, Aust. 

GREENAWALT, J. F. Publicity Manager, 
Mountain States Tel. & Tel. Co., 800 14th 
St., Denver, Colo. 

GREENWALD, JOSEF MARTIN, 222 W. 84th 
8t., New York, N. Y. 

GUENTHER, WILLIAM FRANK, Electrical 
Engineer, Hamilton Hydro-Electric System, 
12 King St., E., Hamilton, Ont., Can. 

HANFORD, DAYTON R., Electrical Installa- 
tion, Hastings-on-Hudson, N. Y. 

HARRIS, EDWARD HARLOW, Asst. Engineer, 
General Electric Co., River Works, Bldg. 64, 
West Lynn; for mail, East Lynn, Mass. 

HARRISON, WALLACE, Mary ville, Tenn. 

HARVEY, GEORGE MELVIN, Engineering 
Assistant, Bell Telephone Co. of Pa., 416 
7th Ave., Pittsburgh, Pa. 

*HINCKLEY, ALFRED DEXTER, Instructor 
in Mechanical & Electrical Engineering, 
Santa Clara University, College of Engineer- 
ing, Santa Clara; for mali, San Jose, Calif. 

HIROHASHI, TAKESHI, Electrical Engineer, 
Toho Electric Power Co.; International 
General Electric Co., Schenectady, N. Y. 

HOLLOWAY, GILBERT O., Electrical Design- 
ing Engineer, Electric Bond & Share Co., 
2 Rector St., New York, N. Y.; for mail, 
Passaic, N. J. 

JONES, LLEWELLYN E., Electrical Designer, 
Philadelphia Electric Co., 10th & Chestnut 
Sts., Philadelphia; for mail, Ridley Park, 
Pa. 

KENWORTHY, OSWALD EDY, Field Engi- 
neer, Electrical Dept., Lehigh Valley Coal 
Co., Wilkes-Barre; for mail, Kingston, Pa. 

KHAN, ZAINUDDIN AHMAD, Electrical 
Engineer, Punjab Hydro-Electric Scheme, 
The Fort, Lahore, India. 

KIMBARK, EDWARD W., Instructor in Elec- 
trical Engineering, University of California, 
Mechanics Bldg., Berkeley, Calif. 

KRAMER, LEOPOLD, 21 Morton Place, 
Jersey City, N. J. 

LANE, ARTHUR HOWARD, Technical Em- 
ployee, Long Lines Dept., American Tel. 
& Tel. Co., 125 Milk St., Boston; for mall, 
Wollaston, Mass. 

LANE, RICHARD A., Asst. Inspector, Station 
Electrical Construction Dept., Phlladelphia 
Electric Co., 1000 Chestnut St., Philadelphia, 
Pa. 


LAWN, GORDON WALTER, Foreman Electri- 
cian, Granby Consolidated Mining, Smelting 
& Power Co., Anyox, B. C., Can. 

LEAHY, JAMES F., Chief Electrician, Northwest 
Steel Rolling Mills, 4315 9th Ave., N. W., 
Seattle, Wash. 

LEES, HAROLD 8S., President & Manager, 
Wheaton Electric Light Co., Wheaton, Minn. 

MASELTER, JOHN EDWARD, Superinten- 
dent, General Electric Co., Service Shop, 
1009 Spruce St., St. Louis, Mo. 

McCARTY, ORIN PHILIP, Student Engineer, 
General Electric Co., Lynn; for mail, West 
Lynn, Mass. 

*McCRACKEN, HENRY J., Jr., Junior Elec- 
trical Engineer, Dept. of Water & Power, 
City of Los Angeles, 207 S. Broadway, Los 
Angeles, Callf. 

MILLER, FRANK D., Inspector, Westinghouse 
Electric & Mfg. Co., Sharon, Pa. 

MORELAND, EDWIN STEPHENSON, Brook- 
lyn Edison Co., Brooklyn, N. Y. 
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*NASH, RALPH ELIOT, Asst. to Electrical 
Engineer, Turner Tanning Machinery Co., 
65 Walnut St., Peabody, Mass. 

NORTON, GEORGE HAROLD, Electric Shop 
Foreman, So. California Edison Co., Big 
Creek, Calif. 

NOWLAND, ROGER LOVETT, Engineering 
Assistant, Bell Telephone Co. of Pa., 416 
7th Ave., Pittsburgh, Pa. 

PANZER, HENRY LOUIS, Testing Engineer, 
Williamsburgh Power Plant Corp. 200 
Kent Ave., Brooklyn, N. Y. 

PARK, ROBERT HIRAM, General Engineering 
Dept., General Electric Co., Schenectady; 
for mall, Scotia, N. Y. 

PIAZZA, FRANK DELLA, Commercial Engi- 
neer, Monongahela West Penn Public Service 
Co., Fairmount, West Va. 

PONIATOFF, ALEXANDER M., Designer, 
Switchboard Engineering Dept., General 
Electric Co., Bldg. 23, Bay 301, Schenectady, 
N. Y. 

POTTER, MANLEY C., Railway Control Engi- 
neer, Westinghouse Elec. & Mfg. Co., East 
Pittsburgh; for mail, Wilkinsburg, Pa. 

RHOADES, CHESTER M., Electrical Engineer, 
Construction Engineering Dept., General 
Electric Co., Schenectady, N. Y. 

RILLSTONE, CHARLES ERNEST, Foreman 
Electrician, Transformer Dept., Southland 
Electric Power Board, Dee St., Invercargill; 
res., Barwheys, Invercargill, N. Z. 

AROTHACKER, CHRIST J., Electrician, Gen- 
eral Electric Co., 1009 Spruce St., St. 
Louis, Mo. 

SACKMAN, GILBERT ROY, Instructor, Stuy- 
vesant High School, 345 E. 15th St., New 
York, N. Y. 

SAGSTETTER, PAUL EDWARD, Electrical 
Foreman, Youngstown Sheet & Tube Co., 
Indiana Harbor, Ind.; for mail, Chicago, Ill. 

SANDAHL, EUGENE L., Meter Dept., Power & 
Light Dept., City of Austin, Austin, Texas. 

SCALISI, FRANK, 222 Moffat St., Brooklyn, 
N. Y. 

SCHMIDT, FRANK RUDOLPH, Junior Engl- 
neer, Dept. of Distributing Stations, New 
York Edison Co., 55 Duane St., New York, 
N. Y. 

SMITH, GEORGE EDWARD, Asst. Engineer, 
Barker & Wheeler, 11 Park Place, New 
York, N. Y. 

SMITH, JAMES W., Asst. Supervisor, Inspec- 
tion Dept., Toronto Hydro-Electric System, 
12 Adelaide St., E., Toronto, Ont., Can. 

SNOW, CHARLES EDWARD, Instructor, 
Electrical Engineering Dept., Mass. Institute 
of Technology, Cambridge, Mass. 

SPICER, WALTER EATON, Asst. to Chief 
Engineer, Clark Thread Co., 260 Ogden St., 
Newark: for mail, East Orange, N. J. 

*STEINERT, EMIL, "Transformer Engineer, 
Westinghouse Elec. & Mfg. Co., Sharon, Pa. 

STIRLING, JAMES ALEXANDER, Power 
House Electrician, So. California Edison Co., 
Big Creek, Calif. 

TALBOT, HAROLD, Electrical Foreman, 
Granby Consolidated Mining, Smelting & 
Power Co., Mine P. O., Anyox, B. C., Can. 

TALSMA, CLARENCE, Electrica! Engineer, 
General Electric Co.. 610 Electric Bldg., 
Omaha, Neb. 

TANHAUSER, JOHN A., John H. Busby Co., 
Detroit, Mich. 

TANNER, FREDERICK WILLIAM, Electrical 
Engineer, General Electric Co., Pittstleld, 
Mass. 

THORGERSON, THORALV EIE, 448 54th 
St., Brooklyn, N. Y. 

VART, A. J., 50 Lexington Ave., New York, 
N.Y. 

VILLANUEVA, LAURO G., Electrical Engineer, 
“Calles” Dam Construction, Camp No. 1, 
Pabellon, Ags.; for mail, Mexico, D. F., Mex. 

WAHL, FRANK S., Superintendent, Tonawanda 
Power Co., Robinson St., N. Tonawanda, 
N. Y. 


INSTITUTE AND RELATED ACTIVITIES 


WENSK, JOSEPH A., Power Dept., Substation 
Operation, United Railways & Electric Co., 
Baltimore, Md. 

WIGGINS, ALBERT M., Designing Electrical 
Engineer, Engineering Dept., Westinghouse 
Elec. & Mfg. Co., Sharon, Pa. 

WILCOCK, WATKIN, Draftsman, English 
Electric Co. of Canada, Ltd., St. Catharines, 
Ont., Can. 

WILLIAMS, STANLEY AUSTEN, Electric 
Heating Engineer, Lee P. Hynes, 30 Church 
St., New York, N. Y.: for mail, Elizabeth, 
N. J. 

WILLIAMSON, GEORGE, Jn., Electrical Fore- 
man, General Electric Co. Service Shop, 
318 Urban St., Buffalo, N. Y. 

WILLNER, HARRY CARL, Electrolysis Engi- 
neer, Twin City Rapid Transit Co., 1 So. 
llth St., Minneapolis, Minn.; for mail, Mt. 
Vernon, N. Y. 

WOODMAN, GILBERT R., Electrician, First 
Class, Southern California Edison Co., 
P. O. Box, 383 Big Creek, Calif. 

Total 88. 

*Formerly Enrolled Students. 


FELLOW REINSTATED 
DECEMBER 16, 1927 


FRANKLIN, MILTON W., President & General 
Manager, M. W. Franklin, Ltd., 800 S. 
Beretania St., Honolulu, T. H. 


ASSOCIATES REELECTED 
DECEMBER 16, 1927 


PAGE, KENDALL LESLIE, Power Engineer, 
Luzerne County Gas & Electric Co., Kings- 
ton, Pa.; for mail, Newton Highlands. Mass. 

BJORGERD, THEODORE, Electrical Engineer, 
South Sweden Power Co. Sydsvenska 
Kraft. A. B., Malmo, Sweden. 


MEMBERS ELECTED DECEMBER 16, 1927 


AUGUSTINUS, PAUL, President & Treasurer, 
Marquette Electric Switchboard Co., 218- 
222 W. Austin Ave., Chicago, Ill. 

CHANDLER, FREDERICK HUBERT, Dist. 
Engineer, Hydro-Electric Power Commission 
of Ontario, 190 University Ave., Toronto, 
Ont., Can. 

CRAIG, CLEO FRANK, Special Representative, 
American Tel. & Tel. Co., 195 Broadway, 
New York, N. Y.; for mail, Ridgewood, N. J. 


HUGHES, EDWARD RICHARD, Consulting 
Engineer, 55 John St., New York, N. Y. 


STEARN, FRANKLIN A., Telephone Engineer, 
Bell Telephone Laboratories, 463 West St., 
New York, N. Y. 


WALTON, CHARLES EMMET, Electrical 
Engineer, E. L. Phillips & Co., 50 Church 
8t., New York, N. Y. 

WARNER, HARRY OSCAR, Professor of Elec- 
trical Engineering, University of Detroit, 
Detroit, Mich. 


RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its meeting held 
December 14, 1927, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be flled at once with the National 
Secretary. 

To Grade of Fellow 
ATKINSON, RALPH W., Chief Electrical 
Engineer, Standard Underground Cable Co., 
Perth Amboy, N. J. 
GRAY, ROY WILLIAM, Telephone and Tele- 
graph Engineer (Staff), Interstate Commerce 
Commission, Washington, D. C. 


To Grade of Member 
BATSON, WALTER V., Electrical Engineer, 
Hollis French and Allen Hubbard, Boston, 
Mass. 
BECK, EDWARD F. W., Electrical Engineer, 
Westinghouse E. & M. Co., East Pittsburgh, 
Pa. 


Journal A. I. E. E. 


BERG, ALBERT L., Engtneer, Westinghouse E. 
& M. Co., Sharon, Pa. 

BOUTWELL, W. S., Electrical Engineer, Crown 
Willamette Paper Co., West Linn. Oregon. 

CUTLER, HARRY H., Retired Manufacturer 
of Electrical Apparatus, Brookline, Mass. 

DAVID, EDWARD I., Consulting Engineer, 
Y Coedcae, Aberdare, S. Wales, Gt. Britain. 

DAWES, LYMAN B., Instructor in Electrical 
Engineering, Massachusetts Institute of 
Technology, Cambridge, Mass. 

DIBNER, BERNARD, Electrical Engineer, 
Burndy, Engg. Co., New York, N. Y. 

FERGUSON, GEORGE F., Manager, Electrical 
Department, Arthur D. Riley & Co. Ltd., 
Auckland, N. Z. 

FREEMAN, FREDERICK 8., Supt. of Power, 
Boston Elevated Railway Co., Boston, Mass. 

HARDING, ARTHUR L., Assistant Electrical 
Engineer, Electric Bond & Share Co., New 
York, N. Y. 

KINDY, WARD B., Assistant Professor of Elec- 
trical Engineering. Stanford University. Calif. 

KURTZ, WILLIAM O., Chief Engineer, Illinois 
Bell Telephone Co., Chicago, HI. 

LAMSON, HORATIO W., Engineer, General 
Radio Co., Cambridge, Mass. 

MANSON, D. EDGAR, Vice President, Charles 
H. Tenney & Co., Boston, Mass. 

MINER, DOUGLAS F., Section Engineer, 
Westinghouse E. & M. Co., East Pittsburgh, 
Pa. 

PASSBURG, VOLMER H. H., Electrical Engi- 
neer, U. S. Engineer Office, Wilson Dam. 
Florence, Ala. 

PAYTON, MAURICE J., Mfg. Engg. and 
Design of Induction Relays, General Electric 
Co., Fort Wayne, Indiana. 

PIERCE, NIKOLA O., Supt. of Elec. Distribu- 
tion, City of Norwich Gas & Elec. Dept., 
Norwich, Conn. 

RATH, JOHN C., Engineer, W. E. Vogelback, 
Consulting Engineer, Chicago, Ill. 

RICH, A. RALPH, Senior Inspector of Hull 
Material, U. 8. Navy, Schenectady, N. Y. 

RICHARDSON, MAX C., Transmission 
Specialist, Pacific States Elec. Co., San 
Francisco, Calif. 

SARGENT, GUSTAVUS F., Electrical Designer, 
Stone & Webster, Boston, Mass. 

SCHERMERHORN, JOHN L., Chief Engineer, 
American Transformer Co., Newark, N. J. 

SCHNEEBERGER, GROVER B., Elec. Engg. 
Dept., Cieveland Electric Illuminating Co., 
Cleveland, Ohio. 

SHAFER, W. L., Electrical Engineer, 
Telephone Co. of Pa., Pittsburgh, Pa. 

SILBERT, RICHARD H., Assistant Supt.. 
Philadelphia Electric Co., Philadelphia, Pa. 

WEST, JOHN, Member of Firm, Macomber & 
West, Boston, Mass. 

WEST, JOHN WINFREE, Production Manager, 
General Electric Co., West Lynn, Mass. 
WHITNEY, RUSSELL L., Sales Engineer, 

Westinghouse E. & M. Co., Philadelphia, Pa. 

WILLIS, CLODIUS H., Assistant Prof. of Elec. 

Engg., Princeton University, Princeton, N. J. 


APPLICATION FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for ad- 
mission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
nform the Secretary before January 31, 1928. 


Ackerly, D. G., Union Switch & Signal Co., 
Swissvale, Pa. 

Ainsworth, A. W., Wm. Ainsworth & Sons, Inc., 
Denver, Colo. 

Albergam, G. H., Brooklyn Edison Co., Brooklyn, 
N.Y. 

Alberti, K. O., Smallwood Electric Co., Kansas 
City, Kans. 


Bell 


Jan. 1928 


Alien. L. E., Southwestern Bell Telephone Co., 
Dallas, Texas 

Althouse, E. E., Duquesne Light Co., Pittsburgh, 
Pa. : 

Antipovitch, B. M., Westinghouse Elec. & Mfg. 
Co., Sharon, Pa. 

Archbold, E. J., Dixie Construction Co., Birming- 
ham, Ala. 

Askew, M., Southern Bell Tel. & Tel. Co., Louis- 
ville, Ky. 

Ault, G. W., Louisville & Nashville Railroad Co., 
Louisville, Ky. i 

Bailey, P. W., Puget Sound Power & Light Oo., 
Seattle, Wash. 

Banks, M. F., Penn-Ohio Power & Light Oo., 
Youngstown, Ohio 

Barrett. S. R., B. R. Gale Co., Boston, Mass. 

Barshewski, F. A., 811 Walker St., Dickson, Pa. 

Bauschman. R. T., Pennsylvania Power & Light 
Co., Allentown, Pa. 

Benington, W. F., (Member), Stone & Webster, 
Inc.. Boston. Mass. 

Benner. P. E., General Electric Co., Schenectady, 
N.Y. 

Bickley, G. E., Northwestern Bell Telephone Co., 
Omaha, Nebr. 

Bisset, J., New York & Queens Elec. Lt. & Pr. 
Co.. Flushing, N. Y. 

Blessington, G. L., New Jersey Bell Tel. Co., 
Newark, N.J. 

Bollinger, P.. Westinghouse Elec. & Mfg. Co., 
East Pittsburgh. Pa. 

Booth. G. H.. with Mr. Turner, 2192 7th Ave., 
New York, N. Y. 


Bower, M. J., Syracuse Lighting Co., Syracuse, 
N.Y. 
Bowyer, W. B. Hydro-Elec. Pr. Comm. of 


Ontario, Niagara Falls, Ont., Can. 

Bragg. H. E., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Brainard, M. W., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Breck, R. S.. Public Service Corp. of New Jersey, 
Irvington, N. J. ; 

Breese, L. W., Iowa Southern Utilities Co., 
Centerville, Iowa 

Brigman, B. M., (Member), University of Louis- 
ville, Louisville, Ky. 

Brock, A. E.. Byllesby Engg. & Management 
Corp.. Chicago. Ill. 

Brooks, R. R., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh. Pa. 

Bruch. R. R.. Commonwealth Edison Co., 
Chicago. IN. 

Brunner. H. C., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh. Pa. 

Bulen. A. A., Westinghouse Elec. & Mfg. Co., 
Seattle, Wash. 


Byler. A. E., with Arthur F. Buss, Los Angeles, 
Calif. 

Canzi. F. A., (Member), 85 Glen Ave., Cleveland, 
Ohio 


Carpenter, E. M., New England Tel. & Tel. Co., 
Providence, R. I. 

Case. M. D., Southern California Edison Co., 
Alhambra. Calif. 

Chase. M., Puget Sound Power & Light Co., 
Seattle, Wash. 

Chow. G. C., New York University, New York, 
N.Y. 

Churchman. C. E.. Patent Engineer, Washington, 
D.C. 

Clancy, W. J.. Puget Sound Power & Light Co., 
Seattle, Wash. 

Clasgens, A. E., Rochester Gas & Electric Co., 
Rochester, N. Y. 

Coe, C. F., Northern States Power Co., Minne- 
apolis, Minn. 

Converse, J. L., Puget Sound Power & Light Co., 
Seattle. Wash. 

Cook, P. T.. General Electric Co., Denver, Colo. 

Cordes, E. G., Consolidated Gas, Electric Light 
& Power Co., Baltimore, Md. 

Cordes, O. C., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Cotton, K. A., Pennsylvania Power & Light Co., 
New Castle, Pa. 


INSTITUTE AND RELATED ACTIVITIES 


Oraft, A. L., Penn-Ohio Power & Light Co., 
Youngstown, Ohio 

Craven, C. L., Bell Telephone Co. of Pa., Phila- 
delphia, Pa. 
Crawford, D. A.. Stone & Webster, Boston, Mass. 
Croll, R. H., Worthington Pump & Machinery 
Co., Elmwood Place, Hamilton Co., Ohio 
Crossman, A. H., Pacific Electric Mfg. Co., 
San Francisco, Calif. 

Cumming, H. B., New Jersey Bell Telephone Co., 
Hackensack, N.J. 

Cunliffe, P. R., Westinghouse Lamp Co., Bloom- 
fleld, N.J. 

Curtis, C. E., Alan T. Cooke & Co., Houston, 
Texas 

Dammann, G. E., Hyatt Electric Corp., Evanston, 
Il. 

Danstedt, R. T., National Carbon Co., Cleveland, 
Ohio 

De Roo, H. D., General Electric Co., Schenectady, 
N.Y. 

de Villiers, I., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh. Pa. 

Dinsmore, D. G., Southern California Edison Co., 
Alhambra, Calif. 

Dixon, F. O.. Hudson Coal Co., Scranton, Pa. 

Dixon, M. H., Mass. Institute of Technology, 
Cambridge. Mass. 

Doelp, C. L., Ohio Bell Telephone Co., Youngs- 
town, Ohio 

Donald, J. K., Mass. Institute of Technology, 
Cambridge, Mass. 

Dorte, P. H., Gooderham & Worts, Ltd., Toronto, 
Ont., Can. 

Doub, D. V., California-Oregon Power Co., 
Prospect, Ore. 

Downes, T. E.. Puget Sound Power & Light Co., 
Seattle, Wash. 

Dreier, T., General Electric Co., Schenectady, 
N.Y. 

Drobeck, J. B., Great Lakes Boat Building Corp., 
Chicago, Ill. 

Dunham. R. W., Consumers Power Co., Owosso, 
Mich. 

Dunham, W. H., United Elec. Lt. 
New York, N. Y. 

Dutton, C. E., American Tel. & Tel. Co., Chicago, 
IH. 

Ecker, A. J., Washington Water Power Co. 
Spokane, Wash. 

Eckert, R. C., Northern Ohio Power & Light Co., 
Akron, Ohio 

Edwards, M. W.. Light Dept., City of Pasadena, 
Pasadena, Calif. 

Edwards, W. G. Jr. 
Schenectady, N. Y. 

Emlen, A. A., American Transformer Co., Newark, 
N.J. 

Enochson, A. R., Polyclinic Hospital, New York, 
N.Y. 

Epstein. M. B., with Mark C. Steinberg & Co.. 
St. Louls, Mo. 

Evans, H. W., General Electric Co., Pittsfleld, 
Mass. 

Evans, J. W., Crosley Radio Corp., Cincinnati, 
Ohio 

Ferdon, A. C.. Electric Storage Battery Co., 
New York, N. Y. 

Fielder, F. D., Worcester Polytechnic Institute, 
Worcester, Mass. 

Fiene, M. E., University of Minnesota, Minne- 
apolis, Minn. 

Finnie, H. V., (Member), Ampere Electric, Ltd., 
St. Catharines, Ont., Can. 

Fligg. J. A., John Zimmerman & Sons, Philadel- 
phia, Pa. 

Folmer, H. M., 12-14 W. Middle St., Hanover, Pa. 

Foster, E. L., Ohio State University, Columbus, 
Ohio 


Fox, J., Allis-Chalmers Mfg. Co., Milwaukee, Wis. 

Freudenberger, P. D., Buffalo General Electric 
Co., Buffalo, N. Y. 

Fuketa, T.. Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 


Furuse, M., Westinghouse Elec. International 
Co., New York, N. Y. 


& Pr. Co., 


General Electric Co., 
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Gainder, M. E., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Gamel, G. D., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Garbrick, J. H., Pennsylvania Power Co., Green- 


ville, Pa. 

Gardner, J. A., Pennsylvania Power Co., Sharon, 
Pa. 

Gaston, J. R.. Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Geiger, J. M., Buffalo General Electric Co., 
Buffalo, N. Y. 

Getty, P. V. B., Habirshaw Cable & Wire Corp., 
Yonkers, N. Y. 

Gibbons, J. E., Atlantic Reflning Co., Phila- 
delphia, Pa. 


Gillespie, J. F., (Member), Carnegie Steel Works, 
Youngstown, Ohio 

Golden, H. L., Pennsylvania Power Co. New 
Castle, Pa. 

Gottier, T. L., General Electric Co., Schenectady, 
N.Y. 

Gottshalk, L. G., Counties Gas & Electric Co., 
Norristown, Pa. 

Graham, R. N., Penn-Ohio Electric Co., Youngs- 
town, Ohio 

Gray, J. L., Louisville Gas & Electric Co., Louis- 
ville, Ky. 

Green, T. D., Habirshaw Cable & Wire Co., 
Yonkers, N. Y. 

Gustafson, G. A., Commonwealth Edison Co., 
Chicago, Ill. 

Hamill, S. M., Jr., Union Gas & Electric Co., 
Cincinnati, Ohio 

Hamilton, J. H., California Institute of Tech- 
nology, Pasadena, Calif. 

Hammond, J. A., National Carbon Co., 
Cleveland, Ohio 

Hanchett, R. J., Los Angeles Electric Works, 
Los Angles, Calif. l 

Hansen, E., Iowa Electric Co., Cedar Rapids, 
Iowa 

Hanson, J. W., Columbia Engineering & Manage- 
ment Corp., Cincinnati, Ohio 

Hardie, L. C., 665-32nd St., Des Moines, Iowa 

Harker, R. M., Penn-Ohio Power & Light Co., 
Youngstown, Ohio 

Harris, W. C., General Electric Co., River Works, 
Lynn, Mass. 

Hart, G. E., Public Service Co. of No. Illinois, 
Chicago, Il. 

Hartman, E. D., Liberty High School, Bethlehem, 
Pa. 

Hecker, Alvin, Jr., American Tel. 
Kansas City, Mo. 

Heidenreich, G. E., (Member), Columbia Engg. 
& Mgt. Corp., Cincinnati. Ohio 

Heimbach, H. W., Bell Telephone Laboratories, 
Inc., New York, N. Y. 

Hemion, J. R., Jr., Weston Electrical Instrument 
Corp., Newark, N. J. 

Henry, D. E., Westinghouse Lamp Co., Bloom- 

field, N. J. 

O. W., Penn-Ohio Power & Light Co., 

Youngstown, Ohio 

Hill, R. W., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 


Inc., 


& Tel. Co., 


Hill, 


. Hoadley, H. A., Jr., Westinghouse Elec. & Mfg. 


Co., East Pittsburgh. Pa. 
Hochgraf. L. B., Rensselaer Polytechnic Institute, 


Trov, N. Y. 
Hoddy, G. W., Day-Fan Electric Co., Dayton, 
Ohio 


Holbrook, Y. C., Southern Bell Tel. & Tel. Co., 
Louisville, Ky. 

Holman, E. W., Washington University. St. Louis, 
Mo. 

Hooper, N. A., Penn-Ohio Power & Light Co., 
Youngstown, Ohio 

Hoover, C. H., Ohio Beli Telephone Co., Toledo, 


Ohio 
Hough, H. G., Philadelphia Electric Co., Phila- 
delphia. Pa. 


Houghton, M. G., Commonwealth Power Corp., 
Jackson. Mich. 

Houlihan, R. P., Westinghouse Elec. & Mfg. Oo, 
Springfield, Mass. 
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Howell, W. D., Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis. 

Hunter, E. M., Genera! Electric Co., Schenectady, 
N. Y. 

Hunter, M. I., Pennsylvania Power & Light Co., 
Hazelton, Pa. 

Huntsinger, F. J., Federal Radio Corp., Buffalo, 
N.Y. 

Huth, G. H., Penn-Ohio Power & Light Co., 
Youngstown, Ohio 

Hutley, P. L., Pennsylvania Power Co., Sharon, 
Pa. 

Inteman, W. F., Pwblic Service Electric & Gas 
Co., Irvington, N. J. 

Jacobs, C. E., Westinghouse Elec. & Mfg. Co., 


Sharon, Pa. 
Jones, A. V., Buffalo General Electric Co., 
Buffalo, N. Y. 


Kavanaugh, P. E., Commonwealth Power Corp., 
Jackson, Mich. 

Kellar, K. H., Virginia Electric & Power Co., 
Richmond, Va. 

Kelso, R. E., Kelso Electric Co., Arvada, Colo. 

Kiech, C. F., Ford W. Harris, Los Angeles, Calif. 

Kirkham, E. H., New York Central Railroad, 
New York, N. Y. 

Kirkman, W. L., Pacific Power & Light Co., 
Pasco, Wash. 

Kleinberger, A. J., United Electric Light & Power 
Co., New York, N. Y. 


Kolisch, E., Underwriters Laboratories, New 
York, N. Y. 

Koviak, L. S., Allis-Chalmers Mfg. Co.. West 
Allis, Wis. 


Krom, M. E., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Kulisek, M., Carnegic Steel Co., Ohio Works, 
Youngstown, Ohio 

Kumpel, J., Westchester Lighting Co., Hastings- 
on-Hudson, N. Y. 

Landahl, C. F., Carnegie Steel Co., Ohio Works, 
Youngstown, Ohio 

Langner, F. W., Westinghouse Elec. & Mfg. Co., 
South Philadelphia, Pa. 

Leary, F. D., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Leech, W. A., Puget Sound Power & Light Co., 
Seattle, Wash. 

Lenker, L. E., Westinghouse Elec. & Mfg. Co., 


Sharon, Pa. 
Lieb, A. W., New York Edison Co., New York, 
N.Y. 


Lincoln, R. B.. Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Lofgren, H. E., Stone & Webster, Inc., Boston, 
Mass. 

Luce, J. A., Reeves Heating Co. & May Auto- 
matic Oil Burner Co., San Francisco, Calif. 

Lukens, J. P., Philadelphia Electric Co., Phila- 
delphia, Pa. 

Lusted, W. R., Penn-Ohio Power & Light Co., 
Youngstown, Ohio l 

Madison, L. R., Stevens & Wood, Inc., Youngs- 
town, Ohio 

Mahan. H. E., General Electric Co., Schenectady, 
N.Y. 

Malmgren, R. V., Western Electric Co., Haw- 
thorne Sta., Chicago, Ill. 

Marmen, H. E., Corporation of Edmunston, 
Edmunston, N. B., Can. 

Matsch, L. W., Commonwealth Edison Co., 
Chicago, HI. 

May, D. T., (Member), Bell Telephone Labora- 
tories, Inc., New York, N. Y. 

Mayno, R., B. F. Goodrich Co., Akron, Ohio 

McConnell, D., Southern Bell Tel. & Tel. Co., 
Louisville, Ky. 

McCullough, J. R., Hydro-Elec. Pr. Comm. of 
Ontario, Port Arthur, Ont., Can. 

McFarland, O. C., Southwestern Bell Telephone 
Co., Kansas City, Mo. 

McFarland, T. R., Southwestern Bell Tel. Co., 
St. Louis, Mo. 

McKay, N. EB., Louisville Railway Co., Louisville, 
Ky. 

McKechnie, J. F.. Rockland Light & Power Co., 
Hillburn, N. Y. 


INSTITUTE AND RELATED ACTIVITIES 


McShane, P., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Melton, G. H., Southern Bell Tel. & Tel. Co., 
Louisville, Ky. 

Menard, R. R., Penn-Ohio Power & Light Co., 
Youngstown, Ohio 

Metz, N., Phoenix Utility Co., Miami, Fla. 

Meyerand, R. G., Savannah Electric & Power Co., 
Savannah, Ga. 

Middleton, E. B, Philadelphia Electric Co., 
Philadelphia, Pa. l 

Millen, J., Electrical Engineer, Malden, Mass. 

Miller, H. H., Penn-Ohio Power & Light Co., 
Youngstown, Ohio ` 

Mills, J. W., J. W. Mills Electric Co., Scranton, 
Pa. 

Montgomery, A. P., A. H. Greve & Co., Richmond 
Hill, N. Y. 

Montgomery, J. E., Penn-Ohio Power & Light 
Co., Youngstown, Ohio 

Moses, R., Pennsylvania Power Co., Sharon, Pa. 

Mosteller, W. A., General Electric Co., Schenec- 


tady, N. Y. 

Muller, F., Northern States Power Co., St. Paul, 
Minn. 

Munk, G., Union Carbide Co., Niagara Falls, 
N.Y. 


Murray, R. R., Murray & Flood, New York, N. Y. 

Neitro, J. A., Puget Sound Power & Light Co., 
Seattle, Wash. 

Nelson, M. H., Wagner Electric Corp., St. Louis, 
Mo. 

Noell, J. J., (Member), Stone & Webster, Boston, 
Mass. 

Norberg, C. F., Washington Water Power Co., 
Spokane, Wash. 

Norell, E. G., Electric Apparatus Co., Chicago, Ill. 

Osargent, S. F., Starrett Mfg. Co., Chicago, Ill. 

Paden, 'T., Penn-Ohio Power & Light Co., Youngs- 
town, Ohio 

Panagopolous, S. G., Westinghouse Elec. & Mfg. 
Co.. Sharon, Pa. 

Parker, C. T., Sargent & Lundy, Chicago, Ill. 

Pearce, E. W., 2509 Washington Ave., Bronx, 
N.Y. 

Peden, C. W., (Member), Aluminum Co. of Amer- 
ica, Massena, N. Y. 

Pelle, R. St. J., Southern Bell Tel. & Tel. Co., 
Louisville, Ky. 

Pentz, A. Z., Chesapeake & Potomac Co., Balti- 
more, Md. 

Pering, A. V., Pacific Tel. 
Francisco, Calif. 

Perry, L. D., United Electric Light Co., Spring- 
field, Mass. 

Petroff, N. V., Crocker-Wheeler Electrical Mfg. 
Co., Ampere, N.J. 

Phegley, M. M., Bureau of Water & Power, 
Los Angeles, Calif. 

Phelps, H. S., General Electric Co., Schenectady, 
N.Y. 

Pinder, K., U. G. I. Contracting Co., Philadelphia, 
Pa. 

Polis, M. M., Deal Electric Co., New York, N. Y. 

Poole, A. B., Man. Light & Heat Co., Columbus, 


& Tel. Co., San 


Ohlo 

Powell, E. H., General Electric Co., West Lynn, 
Mass. 

Prasar, H. J., California-Oregon Power Co, 


Medford, Ore. 

Price, V. C., Iowa Southern Utilities Co., Center- 
ville, Iowa 

Probst, H. O., Public Service Production Co., 
Newark, N. J. 

Pyle, V., Commonwealth Edison Co., Chicago, 
Ill. 

Racen, F., W. G. Shelton Co., St. Louis, Mo. 

Rea, J. C., Pacific Electric Co., San Francisco, 
Calif. 

Redpath, W. S., Westinghouse Elec. & Mfg. Co., 
Cleveland, Ohio 

Reed, H. R., South Dakota State College, Brook- 
ings, So. Dak. 

Reinhard, W. N., Lower St. Lawrence Power Co., 
Rimouski, P. Q., Can. 

Reznor, L. E., Pennsylvania Power Co., Green- 
ville, Pa. 


Journal A. I. E. E. 


Richardson, F., Philadelphia Electric Co., Phila- 
delphia, Pa. 

Rieder, J., Bureau of Power & Light, City of 
Los Angeles, Los Angeles, Calif. 

Roberts, H. C., Agnew Electric Welder Co., 
Milford, Mich. 

Roberts, L. S., Bureau of Pr. & Lt., City of Los 
Angeles, Los Angeles, Calif. 

Roberts, P. C., Bureau of Pr. & Lt., City of Los 
Angeles, Los Angeles, Calif. 

Robinson, G. R., Robinson Electric Co., Ltd., 
Vancouver, B. C. 
Robinson, T. G., Sargent & Lundy, Chicago. Ill. 
Rockwood, G. H., Jr., Western Electric Co., 


Chicago, Ill. 
Rogers, H. 8., Stone & Webster, Inc., Boston, 
Mass. 


Rogers, W. T., N. Y. & Queens Elec. Lt. & Pr. 
Co., Flushing, N. Y. 

Rogge, C. A., Commonwealth Power Corp., 
Jackson, Mich. 

Rose, D. W., James Johnston Agency, 
Rochester, N. Y. 

Rothenstein, O., Barrett-Cravens Co., Chicago, 


Inc., 


Ill. 

Ruel, O. J., Union Electric Light & Power Co., 
St. Louis, Mo. 

Ryan, R. M., General Electric Co., Schenectady, 
N.Y. 


Rymer, J. L., Carnegie Steel Co., Ohio Works, 
Youngstown, Ohio 

Schnoll, N., F. A. D. Andrea Co., Long Island 
City, N. Y. 

Schoenhaar, L. H., Consolidated Gas, Elec. Lt. & 
Pr. Co., Baltimore, Md. 

Schramm, C. W., Illinois Bell Telphone Co., 
Chicago, Ill. 

Schumacher, G. C., General Electric Co., Nela 
Park, E. Cleveland. Ohio 

Seaverson, O. I., 121 W. Maple St., Rawlins, 


Wyoming . 
Seely, C. K., Stone & Webster, Inc., Boston, 
Mass. 
Senn, J. W., Southern Bel] Tel. & Tel. Co., 


Louisville, Ky. 

Servatius, O. F., 10655 Hale Ave., Chicago, Ill. 

Seymoure, R. A., Allis-Chalmers Mfg. Co., 
Milwaukee, Wis. 

Sharp, J. G., Jr., Stanford University, Calif. 

Shutt, C. C., Westinghouse Elec. & Mfg. Co.. 
East Pittsburgh. Pa. 

Sieber, H. J., Byllesby Engineering & Manage- 
ment Corp., Chicago, III. 

Skilling, H. H., So. California Edison Co., Big 


Creek, Calif. 

Skvortzoff, A. A., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Slichter, L. B., (Member), Slichter & Hay, 


Madison, Wis. 

Smede, L., Westinghouse Elec. & 
East Pittsburgh, Pa. 

Smith, E. A., E. L. Phillips & Co.. Brooklyn, 
N.Y. 

Smith, F. V. M., Textile Electric Sign Co., Inc., 
Dallas, Texas 

Smith, W. B., Southern Bell Tel. 
Louisville, K y. 

Sohon, H., General Electric Co., Schenectady, 
N.Y. 

Spiehler, C. H., (Member), Columbia Engineer- 
ing & Management Corp., Cincinnati, Ohio 

Stannard, C. N., Public Service Co. of Colorado, 
Denver, Colo. 

Starn, M. W., Ohio Bell Telephone Co., Youngs- 
town, Ohio 

Steele, C. A. 
Chicago, HI. 

Steele, M. B., Worcester Polytechnic Institute, 
Worcester, Mass. 


Steger, E. F., Duro Co., Dayton, Ohio 


Mfg. Co., 


& Tel. Co., 


Commonwealth Edison  Co., 


Strang, H. E., General Electric Co., Schenectady, 
N. Y. 

Strohl, R., Public Service Electric & Gas Co., 
Newark, N. J. 


Summers, E. R., University of Minnesota, 
Minneapolis, Minn. 


Jan. 1928 


Swanson, V. W., Link Belt Co., Chicago, Ill. 

Swedlund, L. E., California Institute of Tech- 
nology, Pasadena, Calif. 

Taylor, P. H., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Taylor, P. R.. Stone & Webster, Inc., Boston, 
Mass. 

Tecklenburg, H., Puget Sound Power & Light 
Co., Seattle, Wash. 

Thakur. M. L., Mass. Institute of Technology, 
Canibridge, Mass. 

Thomas, E. G.. Indiana Bell Telephone Co., 
Indianapolis, Ind. 

Thornton, C. E., 119-40 Union Turnpike, Kew 
Gardens, N. Y. 

Tibbs, R. H., Public Service Electric & Gas Co., 
Newark, N.J. 

Tirk, C. J., Westinghouse Elec. & Mfg. Co. 
East Pittsburgh, Pa. 

Town. G. R., Rensselaer Polytechnic Institute, 


Troy, N. Y. 

Townend, H. L., General Electric Co., Buffalo, 
N.Y. 

Trier. C. J., (Member), J. Trier & Co., Chicago, 
Il. 


Trucksess, D. E., Bell Telephone Laboratories, 
Inc., New York, N. Y. 

Tucker, S. A., Brooklyn Edison Co., Brooklyn, 
N. Y. 

Valesio, M. J., Electrad, Inc., New York, N. Y. 

Van Cleve, C. F., Duquesne Light Co., Pittsburgh, 
Pa. 

Van Olinda, F., Brooklyn Edison Co., Brooklyn, 
N.Y. 

Vedder, E. H., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Veinott, C. G., Westinghouse Elec. & Mfg. Co. 
East Pittsburgh, Pa. 


Villegard, F., E. L. Phillips & Co., Brooklyn, 
N.Y. 
Vogt, A. J., Southern Bell Tel. & ‘Tel. Co., 


Louisville, Ky. 
Volney, S. C., Electrical Testing Laboratories, 
New York, N. Y. 
Wall, C. R., Fox Case Corp., New York, N. Y. 
Walrod, J. V., Minneapolis-Honeywell Regulator 
Co., Wabash, Ind. 
Walsh, L. G.. 34 DeHart Place, Elizabeth, N. J. 
Watz, E.J., Victor X-Ray Corp., New York, N. Y. 
Weil C. F., Puget Sound Power & Light Co., 


Seattle, Wash. 
Weir, J. M., University of Washington, Seattle, 
Wash 


Wheeler. R. E., Westinghouse Elec. & Mfg. Co.' 
Turtle Creek, Pa. 

White. H. E., Penn-Ohio Power & Light Co., 
Youngstown, Ohio 

Whitehouse, T. S., Stone & Webster, Inc., Boston, 
Mass. 

Whitson, T. B., with James G. Biddle, Phila- 
delphia, Pa. 

Whyte, N. I., General Electric Co., Schenectady, 
N.Y. 

Wike, R. E., Electric Auto-Lite Co., Toledo, Ohio 

Wiles, W. M., International Railway Co., Buffalo, 
N.Y. 

Wilson, J.. Freed-Eisemann Radio 
Brooklyn. N.Y. 

Wood. J. S., Jr., Diehl Mfg. Co., Philadelphia, Pa. 

Woodward, J. G., Public Service Co. of No. 
Illinois, Chicago, Ill. 

Yatsko, A.. General Electric Co.. Oakland. Calif. 

Zeliner. W. R., Stone & Webster, Inc., Boston, 
Mass. 

Total 317. 


Corp., 


Foreign 


Abraham, F. X. J.. British Broadcasting Corp., 
Cardiff, Wales, Great Britain 

Aiyapngar, R. N. N., Public Works Dept., Oota- 
camund, Madras, So. India 

Brosens. R. T., Soc. Financiere de Transports et 
d' Etreprises Industrielles, Ixelles-Brussels, 
Belgium 

Darwood, W. A. R., Kampar, Perak. F. M. S. 


Dickinson, J. C., Ferguson, Pailin, Ltd., Hr. 
Openshaw, Manchester, Eng. 


INSTITUTE AND RELATED ACTIVITIES 


Ehrenburg, H. H., Rotterdam Municipal Electri- 
city Works, Rotterdam, Holland 

Emanueli, L., (Member), Societa Italiana Pireli, 
Milan, Italy. 

Heffter, J., Westinghouse Electric International 
Co., Buenos Aires, So. Amer. 

Hutchinson, F. J., Metropolitan-Vickers Electri- 
cal Co., Trafford Park, Manchester, Eng. 

Philip, M., Mardas & Southern Mahvatta Rail- 
way Co., Ltd., Madras, Indía 

Soper, O. N., B. B. & C. I. Railway, Bombay, 


India 
Trainor, J. P., W. Watson & Sons, Ltd., Sydney, 
N.S. W. Aust. 


Verrler, E. J., (Member), Trinidad Leaseholds, 
Ltd., Trinidad, B. W.I. 

Wight, H. D., (Member), Sunderland Forge & 
Engg. Co., Ltd., Sunderland, Eng. 

Total 14. 


STUDENTS ENROLLED 


Abrams, Herman, Brooklyn Polytechnic Institute 
Achilles, Arthur B., Lehigh University 
Albright, Roy H., University of Pittsburgh 
Alimansky, Max I., Mass. Institute of Technology 
Allhusen, John, Cornell University 
Ambrosius, Carl C., Purdue University 
Andersen, Adolph, John Hopkins University 
Anderson, Harold T., State College of Washington 
Anderson, Laird, Clemson Agri. College 
Anderson, Robert N., Clemson Agri. College 
Anfinsen, Ernest, Armour Institute of Technology 
Angle, Raymond D., Cornell University 
Anzinger, George W.. Lewis Institute 
Appel, Henry W., New York University 
Armstrong, Wayne, Oklahoma Agri. & 
College 
Aronoff, A. M., Georgia School of Technology 
Asbury, DeWitt N., Jr. Georgia School 
Technology 
Atkins, Ernest G., Jr., Cornell University 
Atkinson, Maurice B., University of Missouri 
Auckerman, Urick H., Ohio State University 
Auer, Delmar K., Ohio State University 
Bahls, W. C., Endres, University of Nebraska 
Bailey, C. D., Oregon Institute of Technology 
Baker, C. Emerson, Cornell University 
Balasquide, Miguel A., Cornell University 
Bale, Lawrence W., Case School of Applied 
Science 
Balke, William H., Jr., Yale University 
Ball, George W., Colorado State Agri. College 
Balyeat, Ralph, Ohio State University 
Barkus, Frederick, Virginia Military Institute 
Barrasso, Ranieri P., Newark Technical School 
Barrett, Carl R., Mississippi Agri. & Mech. College 
Barthell, Sam G., University of Colorado 
Batchelor, John C., Purdue University 
Bates, Arthur C., Purdue University 
Bazley, William J., Northeastern University 
Beerman, Mannie R.. Georgia School of Tech. 
Bell Joseph, Yale University 
Bender, Luther H., Lehigh University 
Bendixen, Orla H., University of South Dakota 
Benin, Zolmon, New York University 
Berger, Alexander A., Georgia School of Tech. 
Bernhard, Leroy F., Armour Institute of Tech. 
Berresford, Arthur B., Cornell University 


Mech. 


of 


Berryman, Clarence, Oklahoma Agri. & Mech. 
College 

Berwick, Valant H., Case School of Applied 
Science 


Bescherer, Edwin A., Purdue University 

Bevitt, William D., Cornell University 

Bill, Thomas S.. Cornell University 

Bishop, Alfred D., Oregon Institute of Technology 

Bishop, Stanley J., Yale University 

Bitney, William L., University of Nebraska 

Blair, F., Leroy, University of South Dakota 

Blake, Harry F., Ohio State University 

Bleick, Willard E., Stevens Institute of Tech. 

Blitch, Edgar W., Jr.. Clemson Agricultural 
College 

Boger, Kenneth. Ohio State University 

Bohn. Glenn C., University of Pittsburgh 

Booker, William P., Lehigh University 

Borgman, G. R., Kansas State Agri. College 
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Bradfleld, Floyd C., University of Colorado 

Bradford, Harold, Oklahoma Agri. & Mech. 
College 

Bradley, George G., Yale University 

Bradley. S. Duncan, Jr., Cornell University 

Brady, John J., Armour Institute of Technology 

Braybrook, James G., Michigan State College of 
Agri. & Applied Science 

Breazeale, William M., Rutgers College 

Brett, Floyd O., Oklahoma Agri. & Mech. College 

Briggs, William E., Armour Institute of Tech. 

Bristow, William F., Jr., North Carolina State 
College 

Britton, J. Robert, Carnegie Institute of Tech. 

Brock, Hobart M., University of Tennessee 

Bromley, J. Eddy, Purdue University 

Brown, Lewis J., Cornell University 

Brown, L. Packer, Armour Institute of Tech. 

Brown, Wilfred E., Purdue University 

Bruggeman, John. Brooklyn Polytechnic Institute 

Brune, Otto, Mass. Institute of Technology 

Buckendahl, Harry A., University of Nebraska 

Burner, Grant I., West Virginia University 

Bussard, Richard H., Johns Hopkins University 

Calabrese, George V.. Armour Institute of Tech. 

Callaham, James F., Clemson Agricultural College 

Campbell, Donald M., University of Nebraska 

Campbell, R. Lynn, University of Tennessee 

Cannon, E. W., University of Delaware 

Cantonwine, Charles R., University of South 
Dakota 

Capek, Ralph H., University of Pittsburgh 

Carter, Richard C., Jr., Clemson Agri. College 

Castle, Donald H., Stevens Institute of Tech. 

Caughey, William K., Stevens Institute of Tech. 

Chapin, Frank P., Pennsylvania State College 

Chase, Rhodin W., University of Texas 

Childs. Bertrand A., University of Utah 

Churchman, Arthur C.. University of Delaware 

Clark. George W., Clarkson College of Technology 

Clark, James H., Clemson Agri. College 

Clark, Robert W., Stanford University 

Clover, George I., Stanford University 

Cobb, George P., Clemson Agricultural College 

Coe, Thomas M., Armour Institute of Technology 

Collicott, Claude E., Oregon Institute of Tech. 

Conlon, Frank B., Ohio State University 

Connolly, Pat W., State College of Washington 

Connor, William E., Lehigh University 

Cortelli, John A., Case School of Applied Science 

Costales, Victorio U., Lewis Institute 

Cowley. G. W., University of Nebraska 

Craig, A., Jr., Cornell University 

Crampton, Raymond E.. Purdue University 

Crane, William H., Jr., Johns Hopkins University 

Crawford, James J., University of Pittsburgh 

Crossman, Gilbert C., Cornell University 

Croswell, Robert A., Mass. Institute of Tech. 

Curry, George W., Texas A. & M. College 

Cuttino, Benjamin H., Clemson Agri. College 

Cuttino, William H., Clemson Agri. College 

Daley, John L., Yale University 

Daniele, Edmund, Brooklyn Polytechnic Institute 

Danielson, Joseph B., State College of Washington 

Davidson, Ralph, Purdue University 

Davies, Ivor T., Oregon Institute of Technology 

Davis, Francis W.. Ohio State University 

Davis, Leslie S., Kansas State Agri. College 

Davis, Moses, Lehigh University 

Davis, Reid R., Clemson Agri. College 

Dawson, James Jr., Armour Institute of Tech. 

Deason, Gilbert H., University of Nebraska 

Deckard, Paul D., Purdue University 

Decker, Alonzo G., Jr., Cornell University 

Decker, Jacob S., Ohio State University 

Delthony, Fred R., Armour Institute of Tech. 

Dershem, Adelbert A., Ohio State University 

De Toro, Nicholas, Yale University 

DeWitz, Alfred, Purdue University 

Dickinson, Willard, University of South Dakota 

Dichl, Forrest, Oklahoma Agri. & Mech. College 

Divan, Gail F., Ohio State University 

Dodge, Harry W., Princeton University 

Dohrman, H. Leavell, University of Kentucky 

Doss, Leon F.. Yale University 

Dowell, Millard F., University of Kansas 

Downing, Kenneth W., University of Maine 
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Dozois, Harvey H., Armour Institute of Tech. 
DuBose, W. P., Jr., Clemson Agricultural College 
Duhamel, Howard G., Ohio State University 
Duncan, Justin R., Oklahoma Agri. & Mech. 
College 
Durkee, Kenneth M., University of Washington 
Durling, Charles R., Jr., Cornell University 
Dysart, Birney, Stanford University 
Eakins, William V. G., Princeton University 
Eaton, J. Palmer, University of Detroit 
Edson, James O., University of Kansas 
Ehrmeyer. Walter J., Armour Institute of Tech. 
Ekroth. Walter W., Colo. State Agri. College 
Ellis, Edward, Northeastern University 
English, T. Odie, Missouri School of Mines & 
Metallurgy 
Enz, Vern E., State College of Washington 
Eskew, Henry L., Clemson Agri. College 
Ewart, J. Norton, Cornell University 
Ewing, Norval S., Armour Institute of Tech. 
Eyman, Don H., Ohio State University 
Falconer, Maynard C., University of Washington 
Farley, Irvin K., Drexel Institute 
Ferdinandus, John H., Yale University 
Fibel, Adolph, Johns Hopkins University 
Fine, Isadore, Lehigh University 
Fisher, Paul R., University of Pittsburgh 
Fitzsimmons, David P., Carnegie Institute of 
Technology 
Fleming. Thomas M., Georgia School of Tech. 
Foley, William, Lehigh University 
Fontaine, John E., Texas A. & M. College 
Fornili, Ernest M., University of Detroit 
Forss, Fritz V., Armour Institute of Technology 
Fraser. Benjamin P., Clemson Agri. College 
Fretz, Ora G., Oklahoma Agri. & Mech. College 
Frey, Albert C., Colorado State Agricultural 
College 
Fried, Harry K., University of Pittsburgh 
Fyler, George W.. Yale University 
Galloway, Clifford S., Union College 
Garrison, Chester A., Kansas State Agricultural 
College 
Gatlin, Jabez L.. Texas A. & M. College 
Gehrke, John W., Lehigh University 
Geiger, Elmer S., Armour Institute of Technology 
German, Wilbur W., Cornell University 
Gerstel, Leonard, Armour Institute of Technology 
Gilbert, Dewitt C., Lehigh University 
Gillon, Verser C., Georgia School of Technology 
Gladson, Gordon G., Kansas State Agri. College 
Glass, Robert W., University of Washington 
Gleichmann, Theodore F., Johns Hopkins 
University 
- Goddard, John B., Ohio State University 
Goldstine, Hallan E., University of Kentucky 
Gonzalez, Jose M., Jr., University of Kansas _ 
Goodridge,, Wilfred N., Stevens Institute of Tech. 
Goss. Frank A.. Jr., New York University 
Goudy, Gerald C., University of Maine 
Graul, T. A., University of Pittsburgh 
Griffith, Benjamin G., Oregon Agricultural College 
Griffith, Edward A.. Ohio State University 
Griffith. J. H., Jr., University of Kentucky 
Grubb. Raymond K., University of Delaware 
Gubin, Samuel L., Yale University 
Guenther, Rudolph J., Armour Institute of Tech. 
Habach, George F., Stevens Institute of Tech. 
Hadwiger, Alfred L., University of Nebraska 
Hallett. Robert L., Jr., Pennsylvania State College 


Hallstrom, Lawrence E., Pennsylvania State 
College ; 

Hamma, William C., Brooklyn Polytechnic 
Institute 


Hamouz, Venny A., University of Nebraska 

Hardgrave, Terrell W., George Washington 
University 

Harding. C. Francis, Jr.. Purdue University 

Hardy, Jackson L., Mississippi Agri. & Mech. 
College 

Harney, Gerald E., University of Washington 

Harris, Rulon C., University of Kentucky 

Harris, T. Henry, Oregon Agricultural College 

Harshaw, Clare H., North Carolina State 
College 

Hartung, George H., Lehigh University 

Hauck, Walter C., Ohio State University 
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Hayward, Stacey K., University of South Dakota 

Hazelton, Robert M., Northeastern University 

Hearson, Lawrence T., University of Nebraska 

Hefling, Harold K., Kansas State Agricultural 
College 

Heidenreich, J. Ralph, University of Detroit 

Heine, T. C., Cornell University 

Hensel, Waldo G., Ohio Northern University 

Herbster, John O., Case School of Applied Sclence 

Hervin, Carl H., University of Washington 

Hess, A. Clarence, Jr., Oregon Institute of 
Technology 

Hikel, Philip S., University of Maine 

Hindman. Boyden W., Armour Institute of Tech. 

Hiser, Alfred C., Ohio State University 

Hively, Murray W., Ohio State University 

Hoefer, Herbert W.. Clemson Agricultural College 

Hofmann. Thomas, Kansas State Agri. College 

Holman, Wayne J., Jr., Georgia School of Tech. 

Holshouser, David M., University of North 
Carolina 

Holsten, Fred, Brooklyn Polytechnic Institute 

Holtegel, Harry B., Purdue University 

Hongo, Harry T., Stanford University 

Hope, Donald L., Purdue University 

Hough, Jack M., University of Nevada 

Howell. James P., Oregon Agri. College 

Hromada, Joseph C., Armour Institute of Tech. 

Huggins, Adrian H., West Virginia University 

Hull, Virgil O., Ohio State University 

Hultberg, Carl A., University of Detroit 

Hybarger. H. Kenneth, Case School of Applied 
Science 

Irwin, Fred B., Oregon Institute of Technology 

Jackson, Lynn S., Clemson Agri. College 

Jacob, Frederick N.. Armour Institute of Tech 

Jennings, George J., Jr., Armour Institute of 
Technology 

Jillson, Charles F., Armour Institute of Tech. 

Johnson, Lawrence N., Purdue University 

Johnson, Leslie, Oregon Agri. College 

Jones, Chilton R., University of North Carolina 

Jones, Henry R., University of Pittsburgh 

Jones, Jesse E., Ohio State University 

Juergensen, Fred H.. Armour Institute of Tech. 

Kaynor. Harry J., Armour Institute of Technology 

Kearney, Louis E., Drexel Institute 

Keast, Richard. Yale University 

Keeney, R. Ralph, Purdue University 

Keib, O. A., Clarkson College of Technology 

Keith, William A., Montana State College 

Kelly, Anthony H., University of Nebraska 

Kelly, Emmet P., University of Washington 

Kerr, Wayne, University of Kansas 

Kilgore, G. Ross, University of Nebraska 

Killingsworth, Henry M., Clemson Agri. College 

King, Guy R., Stanford University 

Kinney, Albert B., North Carolina State College 

Kipp, Aaron. Kansas State Agri. College 

Kirk. Elmer L.. Michigan State College of Agri. 
& Applied Science 

Klinefelter, Overton H., Johns Hopkins University 

Knapp, Sherman R., Cornell University 

Knapp. William A., Texas A. & M. College 

Knights, Frederick J.. University of Nebraska 

Knox, Russell E., Ohio State University 

Koch, Carl R., Stanford University 

Koenig, Arthur W., Purdue University 

Krappe, Justus, Jr., Columbia University 

Lagatolla, P. E., University of Pittsburgh 

Lankes. Richard, Mass. Institute of Technology 

Lansen. Lloyd B.. Oregon Institute of Technology 

Lash, Ross A., Ohio Northern University 

Lauder, Richard A.. University of Detroit 

Lauder. Robert V.. University of Dctroit 

Laughlin, C. W., University of Kansas 

Lawson, Tom R., Johns Hopkins University 

Leach, Earle F., Brown University 

Lenoir, George F., Jr., Georgia School of Tech. 

Lerch, Russel O., Lehigh University 

Lewis, Charles S., Clemson Agri. College 

Lewis, Clyde E., Northeastern University 

Lockwood, Edward T., Mass. Institute of Tech. 

Lott. Edward J.. Newark Technical School 

Lucchetti, Anthony M., Armour Institute of 
Technology 

Luck, James B., University of Pittsburgh 
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Macarow, John C., Cornell University 

MacDonald, Neil A., Armour Institute of Tech. 

Macfle, Wade H., Jr., Clemson Agri. College 

MacLaughlin, Ralph R., Ohio State University 

Maebius, Kenneth W., University of Michigan 

Malhotra, Mulk R., University of Pittsburgh 

Mallett, John, University of Washington 

Mancke, Richard B., Lehigh University 

Manfredo, Ido H., Brooklyn Polytechnic Institute 

Martel, Charles, Union College 

Martin, Charles R., Clemson Agri. College 

Martz, Gerald O., Purdue University 

Marvin, Harold W., Jr., Clemson Agri. College 

Mason, Elwood D., Brooklyn Polytechnic Inst. 

Maten, Marvin A., University of Michigan 

Mauz, Henry H., Colorado State Agri. College 

Maxim, Walter, Jr., Case School of Applied 
Science 

Maynard, Jack E., University of Washington 

McCloska, Fred W., Jr., Armour Institute of 
Technology 

McConnell, Andrew J., Cornell University 

McConnell, John D., University of North Carolina 

McDonald, Clement J., Armour Institute of 
Technology 

McDonald, Edward M., Clemson Agri. College 

McEachern, Calvin C., Georgia School of Tech. 

McSweeny, Roger, Harvard College 

Mead, Myrven L., University of Nebraska 

Meador, Jack R., Texas A. & M. College 

Meetze, Hugh Y., University of Virginia 

Mellies, Hermon A., Oklahoma Agri. & Mech. 
College 

Melvin, George E., Ohio State University 

Metes, John M., University of Michigan 

Metzger, Alan F., Yale University 

Meyer, Anthony C., Armour Institute of Tech. 

Michelson, Ernest L., Armour Institute of Tech. 

Miles, Karl W., Lewis Institute 

Miller, C. V., Purdue University 

Miller, Murray R., Oregon Agri. College 

Miller, Norman A.. Cornell University 

Miner, Ralph W., Yale University 

Miron, Sam, Rice Institute 

Mironowicz, Vladimir C., Armour Institute of 
Technology 

Mitchel, Goerge W., Colorado State Agricultural 
College 

Mitchell, Lewis T., Jr., University of Pittsburgh 

Moldrup, Hyrum P., Oklahoma Agri. & Mech. 
College 

Moore, H. Newton, Cornell University 

Moore, Lorin A., University of Utah 

Moore, Luther B., Jr., Clemson Agri. College 

Moore, Raymond Y., Purdue University : 

Morgan. Thomas O., Michigan State College of 
Agri. & Applied Science 

Morrel, William G., Virginia Military Institute 

Morris, James M., Oregon Agricultural College 

Muhovich, Mike R., University of Colorado 

Mundy, John T., Clemson Agri. College 

Murata, Tomio, Stanford University 

Murrah, Edmund S., Clemson Agricultural College 

Murray, Harry B., Northeastern University 

Murray, William K., Princeton University 

Naumann, Robert C., University of Illinois 

Nebbia, Albert M., New York University 

Nedelsky, Leo, University of Washington 

Nelson, Charles J., University of Colorado 

Newhouse, Russell C., Ohio State University 

Newton, John C., Brown University 

Nicoll, Oliver W., Columbia University . 

Nii. Senta, Oregon Institute of Technology 

Niles, Ronald J., State College of Washington 

Noble, Harrell V., Purdue University 

Noble, John C., Kansas State Agri. College 

North. John H., Johns Hopkins University 

Nuckols, Samuel S., Cornell University 

Nuttall, Herbert E., University of Utah 

Oberhausen, F., Purdue University 

O'Connell, John C., Jr., Lehigh University 

Oddy, G. Lewis, Drexel Institute 

Okada, R., University of Washington 

Oliver, Ben H., Jr., Stevens Institute of Tech. 

Ong, Floyd C., Armour Institute of Technology 

Orrell, Howard, Newark Technical School 

Otto, Paul W., Case School of Applied Science 
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Paddleford, Merton E., Kansas State Agricultural 
College 

Parsons, Darrell, University of South Dakota 

Payne, Aimar W., University of Florida 

Pearson, Richard O., Jr., Texas A. & M. College 

Pendleton, James, Jr., Oregon Institute of Tech. 

Perry, Robert H., University of Pittsburgh 

Petersen, Victor M., University of Nebraska 

Peterson, Richard H., Kansas State Agricultural 
College 


Peterson, Vernon A., Armour Institute of Tech. 

Pfeiffer, Joseph J., University of Pittsburgh 

Phillips, James L., Georgia School of Technology 

Phillips, James W., Pennsylvania State College 

Ptimpton, Rodney F., Northeastern University 

Pond, Lloyd H., University of Arkansas 

Poppe, Frank W., New York University 

Pratt. John L., Texas A. & M. College 

Preston, Edward H., Georgia School of Tech. 

Priebe, Harold W., University of Michigan 

Probst. Stanley R., Colorado State Agricultural 
College 


Prokop, George S., Lehigh University 

Puette, Robert L., Case School of Applied Science 

Pugh. Evan E., California Institute of Tech. 

Pulaski. Sidney S., Armour Institute of Tech. 

Que, S. Elizaga, Purdue University 

Radin, Carl, University of Washington 

Ranney, Willis E., University of Kentucky 

Reed, Jared F., Jr., University of Pittsburgh 

Reed, Richard D., University of Nebraska 

Reisner, Cornelius A., Oregon Institute of Tech. 

Reitmeyer, Harry A., University of Pittsburgh 

Remer, Donald E.. Yale University 

Richardson, Raymond P., Northeastern Uni- 
versity 

Robbins, Lawrence L., Clemson Agricultural 
College 

Robinette, Harris, Mississippi Agri. 
College 


Robinson, Edgar R., Ohio State University 

Robuck. John B., University of Texas 

Rogers, Nathan J., University of Florida 

Ropes, Richard W., Stanford University 

Ruehrmund, Lioyd G., Ohio Northern University 

Rummel, George A., Armour Institute of Tech. 

Runyan. Marion R., Ohio Northern University 

Rush. Elmer H., University of Kansas 

Russell, Raymond C., Cornell University 

Ryan, Richard F., University of Colorado 

Sahkovich, Romwald J. K., University of 
Michigan 

Sailer, Lester R., Columbia University |. 

Sander, Louis F., Clemson Agricultural College 

8anow, Walter C., Case School of Applied Sclence 

Sayler, Arch E., University of Southern California 

Schaper, William A., Armour Institute of Tech. 

Scherer, Charles J., Johns Hopkins University 

Schindler, Robert W., Case School of Applied 
Science 

Schmidt, Charles G., New York University 


& Mech. 
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Schneider, Arthur W., New York University 

Schrader, Warren W., Cornell University 

Scoville, Merritt E., University of Nebraska 

Shanley, James J., Yale University 

Shaw, John D., North Carolina State College 

Shay, Herbert K., Cornell University 

Sheahan, Robert E., Case School of Applied 
Science 

Shipley, Elwood D., Ohio State University 

Shuler, John H., Ohio State University 

Shuman, Joseph H., Oregon Institute of Tech. 

Sias, Ralph, University of Florida 

Sigafoose, Pliny W., Case School of Applied 
Science 

Sigman, Harold F., Lafayette College 

Sinclair, Robert E., Cornell University 

Sinks, Allen T., Yale University 

Sly, Robert M., Ohio State University 

Smeed, Russell W., Case School of Applied Science 

Smith, Emmett A., Ohio State University 

Smith, Lewis E., University of Pittsburgh 

Snider, Paul J., Ohio State University 

Snyder, Richard P., University of Pittsburgh 

Solt, John H., Lehigh University 

Sommerman, George M. L., Johns Hopkins Uni- 
versity 

Sowers, Leon K., Lehigh University 

Speaks, Clarence W., Oklahoma Agri. & Mech. 
College 

Sponsler, John B., Lehigh University 

Sprecher, James L., Lehigh University 

Springer, Ernest, Clemson Agri. College 

Staples, Carleton D., University of Maine 

Stay, Charles A., Lehigh University 

Steinert, Bentley O., Lehigh University ! 

Stevens, Ward W., Georgia School of Technology 

Stewart, Ernest N., University of Kentucky 

Stickle, Harry C., Rose Polytechnic Institute 

Stipp, Roy A., University of Kentucky 

Stokes, Howard S., Armour Institute of Tech. 

Stoppelbein, Harold E., Clemson Agri. College 

Strom, George W., Armour Institute of Tech. 

Struyk, Adrian. Stevens Institute of Technology 

Stuemky, Edwin R., Oklahoma Agri. & Mech. 
College 

Stuermer, Ernest H., University of Washington 

Sutherland, James R., Yale University 

Sutherland, Wilbur C., Cornell University 

Swingle, Ralph H., George Washington University 

Tarplee, George B., Purdue University 

Tarr, Donald T., California Institute of 
Technology 

Tarvin, Everett R., Columbia University 

Taylor, Albert R., Stanford University 

Taylor, Edwin P., Stanford University 

Taylor, Howard M., Jr., Cornell University 

Taylor, Kenneth A., University of Pittsburgh 

Taylor, Roger S., Lehigh University 

Teker, John W., Armour Institute of Technology 

Templin, Edwin W., California Institute of 
Technology 

Theophilus, Ralph H., University of Pittsburgh 
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Thomas, William A., Case School of Applied 
Science 

Thompson, Milo J., Purdue University 

Thudin, Howard P., Kansas State Agri. College 

Tice, Fletcher F., Clemson Agricultural College 

Tiffany, Robert P., Cornell University 

Troitzky, Simeon P., University of Washington 

Trout, Graydon, Ohio State University 

Trowbridge, Clarence A., Georgia School of Tech. 

Tulauskas, Leonard, Armour Institute of Tech. 

Tunney, Robert D., Yale University 

Turner, Forrest D., Iowa State College 

Van Meter, Emanuel, University of Kentucky 

Van Weelden, Morris J., University of Michigan 

Vecino, Ricardo, University of Pittsburgh 

Wackerman, Robert B., Case School of Applied 
Science 


Wackym, Mitchell A., Clemson Agri. College 

Walsh, Allen A., Clemson Agri. College 

Walter, Lawrence G., George Washington 
University 


Wamhoff, Harold W., University of Pittsburgh 

Warstler, Donovan A., Ohio State University 

Wasmund, James A., University of Nebraska 

Wasserman, Johann, Drexel Institute 

Watt, Vernon S., University of Washington 

Watters, William D., Ohio State University 

Way, Darwin M., Drexel Institute 

Weckel, Arthur R., Kansas State Agricultural 
College 


Welch, Alanson U., Jr., Rutgers College 
Wellman, Harlan B., Ohio State University 
Werner, Paul S., Cornell University 
Wesley, Morris. Rose Polytechnic Institute 
White, Robert B., Clemson Agri. College 
Whitlow, Lyman B., Georgia School of Tech. 
Whitten, S. E., Clemson Agricultural College 
Wiest, Horace G., Jr., Lehigh University 
Will, Charles H., University of Nebraska 
Willcutt, Frederick W., Mass. Institute of Tech. 
Willhardt, Henry, Rutgers College 
Williams, John F., Jr., Clemson Agri. College 
Wills, Harold P., University of Pittsburgh 
Wilson, Williamson, Princeton University 
Windham, Ray K., Ohio State University 
Wing, Kenneth A., University of Pittsburgh 
Winshman, Alfred O., Northeastern University 
Wood, J. Albert, Jr., Cornell University 
Woodman, K. L., Ohio State University 
Woodward, Charles B., Drexel Institute 
Wrathall, Jay R., University of Utah 
Wright, Hunter S., University of Virginia 
Wyche, Christopher L., Georgia School of Tech. 
Yamamoto, Hirosaburo, Tokyo Imperial Univ. 
Yancey, Leonard C., Alabama Polytechnic 
Institute 


Yenrick, Karl, Ohio State University 

Zankey, Harry E., University of Pittsburgh 

Zumwalt, J. Howser, Oklahoma Agri. & Mech. 
College 

Total 540 
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Officers A. I. E. E 1927 -1928 


PRESIDE 
em expires Joly 31 1928 
ANCROFT G ERARD 


JUNIOR PAST PRESIDENTS 
Term expires July 31, 1928) (Term expires July 31, 1929) 
; M. Lb PUPIN C. C. CHESNEY 


VICE-PRESIDENTS 
Terms PE duy 31, 1928) 

. M. HOBART ( District No. 1) 
B. G. J 


Terms ex pre July 31, 1929) 
AMIBSON District No. 5) E. B.R. 


ERGUSO N (District No. 6) 
NORTHMORE (District No. 8) 
GEORGE L. KNIGHT(District No. 3) J.L 
H. H. SCHOOLFIELD (District No. 9) A. 


Teas (District No. 2) 
. COOPER (District No. 10) 
A. E. BETTIS (District No. 7) C. 9. BICKELHAUPT (District No. 4) 
MANAGERS 


(Terms expi iu 31, 1928) r. È. MOU expe J July 31, 1930) 
OHN B. HITEHEAD 
. M. BRYANT . DON CARLOS 
. B. MERRIAM H T CHESTERMAN 
(Terms expire July 31, 1929) (Terms expire July 31, 1931) 
M. M. FO LER F.C. HANKER 
H. A. KIDDER E. B. MEYER 
E. C. STONE H. P. LIVERSIDGE 


NATIONAL TREASURER NATIONAL SECRETARY 
(Terms expire July 31, 1928) 


GEORGE A. HAMILTON F. L. HUTCHINSON 
HONORARY SECRETARY GENERAL COUNSEL 
RALPH W. POPE PARKER & AARON 
30 Broad Street, New York 


PAST PRESIDENTS—1884-1927 


*NORVIN GREEN, 1884-5-6. *HENRY G. Stott, 1907-8. 

* FRANKLIN L. PopE, 1836-7. Louis A. FERGUSON, 1908-9. 
*'T. COMMERFORD MARTIN, 1887-8. Lewis B. STILLWELL, 1909-10. 
EDWARD WESTON, 1888-9. Ducarp C. JACKSON, 1910-11. 
ELIiHU THOMSON, 1859-90. GANO DUuNN, 1911-12. 

* WiLLIAM A. ANTHONY, 1890-91. RALPH D. MERSHON, 1912-13. 
* ALEXANDER GRAHAM BELL, 1891-2. 
FRANK JULIAN SPRAGUE, 1892-3. 
*Epwin J. Houston, 1893-4-5. 
*Louis DUNCAN, 1895-6-7. 

*PRANCIS BACON CROCKER, 1897-8. 

A. E. KENNELLY, 1898-1900. 

*CARL HERING, 1900-1. 

* CHARLES P. STEINMETZ, 1901-2. 
CHARLES F. Scorr, 1902-3. 

Bion J. ARNOLD, 1903-4. 

JOHN W. Ligs, 1904-5. 

*SCHUYLER SKAATS WHEELER, 1905-6. 
*SAMUEL SHELDON, 1906-7. 

* Deceased. 


C. O. MaILLoux, 1913-14. 
PauL M. LINCOLN, 1914-15. 
OHN J. Carty, 1915-16. 
. W. Buck, 1916-17. 
E. W. Ric, JR., 1917-18. 
COMFORT A. ADAMS, 1918-19. 
CALVERT TOWNLEY, 1919-20. 
A. W. BERRESFORD, 1920-21. 
WILLIAM MCCLELLAN, 1921-22. 
FRANK B. JEwsTT, 1922-23. 
Harris J. RYAN, 1923-4. 
FARLEY Oscoop, 1924-25. 
M. I. Pupin, 1925-26. 
C. C. CHESNEY, 1926-27. 


LOCAL HONORARY SECRETARIES 


T. J. Fleming. Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 
H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House, 
11 Castlercagh 'St., Sydney. N. S. W., Australia. 
Frederick M. Servos, Rio de Janeiro Tramways Lt. & Pr. Co, 
Rio de Janeiro, Brazil, 
Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 
A. S. Garfield, 45 Bd. Beausejour, Paris 16 E., France. 
F. W. Willis, Tata Power Companies, Bombay House, Bombay, India. 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 
P. H. Powell, Canterbury College, Christchurch, New Zealand. 
Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. l 
W. Elsdon- Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I. E. E. Committees 


GENERAL STANDING COMMITTEES 
EXECUTIVE COMMITTEE 


B. Gherardi, Chairman, 195 Broadway, New York, N. Y. 

CC. Chesney, H. Kidder, I. E. Moultrop, 
G. A. Hamilton, G. L. Knight, E. C. Stone. 
H 


FINANCE COMMITTEE 

. A. Kidder, Chairman, 600 W. 59th Street, New York, N. Y. 
G. L. Knight, E. Meyer. 

MEETINGS AND PAPERS COMMITTEE 


P. Charlesworth, Chairman, 195 Broadway, New York, N. Y. 
. H. pees Secretary, 33 W. 39th St. 4 New York, N. Y. 

E. F. Creighton, . E. Macdonald, L. W. W. Morrow, 
. E. Knowlton, . B. Meyer, H. S. Osborne, 
. M. MacCutcheon, C. E. Skinner. 
Chairman of Committee on Coordination of Institute Activities, ex-officto. 
Chairmen of technical committees, ex-officio. 


PUBLICATION COMMITTEE 

E. B. Meyer, Chairman, 80 Park Place, Newark, N. J. 
H. P. Charlesworth, FL. Hutchinson, 
Donald McNicol, 

COMMITTEE ON COORDINATION OF INSTITUTE ACTIVITIES 


G. L. Knight, Chairman, Pear] & Willoughby Sts., Brooklyn, N. Y. 
G: 2 Bickelhaupt, F. Hutchinson, W. B. Kouwenhoven, 
H. P. Charlesworth, H. A. Kidder, E. B. Meyer. 


BOARD OF EXAMINERS 
E. H. Everit, Chairman, Southern New England Telephone Co., 


L. F. Morehouse. 


New Haven, Conn. 
H. C. Don Carlos, S. P. Grace, Charles D. Knight, 
H. W. Drake, Erich Hausmann, F. V. Magalhaes, 
F. M. Farmer, A. H. Kehoe L. W. W. Morrow, 
Harold Goodwin, W. I. Slichter. 


SECTIONS COMMITTEE 
W. B. Kouwenhoven, Chairman, Johns Hopkins University, Baltimore, Md. 
J. L. Beaver, H. H. Schoolfield, Harold B. Smith. 
D. M. Simons, 
Chairmen of Sections, ex-officio. 


Journal A. I. E. E. 


COMMITTEE ON STUDENT BRANCHES 


J. L. Beaver, Chairman, Lehigh University, Bethlehem, Pa. 

C. E. Magnusson, Charles F. Scott, W. H. Timbie. 
W. Sorensen, 

Student Branch Couselorns, ex-officio. 


MEMBERSHIP COMMITTEE 


E. B. Merriam, Chairman, General Electric Co., Schenectady, N. Y. 
R. B. Bonney, . J. Frank, S. H. Mortensen, 
* G. O. Brown, . R. George, L. J. Stacy, 

E. S. Code, M. B. Hastings, George J. Yundt. 


George M. Kcenan, 
Chairmen of Section membership committees, ex-officio. 


HEADQUARTERS COMMITTEE 


G. L. Knight, Chairman, Pearl & Willoughby Sts., Breokiyn: N. Y. 
F. L. Hutchinson, H. A. Kidder 


LAW COMMITTEE 


C. O. Bickelhaupt, Chairman, Southern Bell Telephone & 
Hs raph Co., Átlanta, Ga. 
arnes, Jr., E. B. Merriam, W. I. Slichter. 
R. F. Schuchardt, 


PUBLIC POLICY COMMITTEE 


H. W. Buck, Chairman, 49 Wall Street, New York, N. Y. 


sane Dunn, ohn W. Lieb, . I. Pupin, 


B. Jewett, illiam McClellan, Harris J. Ryan. 
STANDARDS COMMITTEE 

L F. Meyer, Chairman, Bureau of Standards, Washington, D. C. 

E. Farrer, Secretary, 33 W. 39th St., New York. 
H. A. Kidder, S. Osborne, C. E. Skinner, 
a M. MacCutcheon, F. L. Rhodes, W. I. Slichter, 

. D. Newbury, L. T. Robinson, R. H. Tapscott, 

Ex-Officio 


Chairmen of Working Committees. 
Chairmen of aeea ans on other standardizing bodies. 
President of U. S. National Committee of I. E. C. 


EDISON MEDAL COMMITTEE 
A ppointed by the President for term of five years. 
(Terms expire July 31, 1928) 
Robert A. Millikan, M. I. Pupin, Chairman, 
cam "P Ruin July 31, 1929) 


John W. Lieb. 
(Terms expire J July 31, 1930) 
Samuel Insull Ralph D. Mershon. 
owe expire July 31, 1931) 


John W. Howell, . F. Morehouse, David B. Rushmore. 
(Terms expire July 31, 1932) 


E. B. Craft, Paul M. Lincoln, C. E. Skinner. 


Elected by the Board of Directors from its own mem MP for term of two years. 
Ea "fidei, July 31, 19 S 


C. C. Chesney, 
N. A. Carle, 
George Gibbs, 


B. G. Jamieson, d G. L. Knight. 
(Terms expire Tay 31, id 
H. P. Liversidge, E. B. Meyer, . E. Moultrop. 
Ex-O ficio 


Bancroft Gherardi, President, George A. Hamilton, National Treasurer, 
F. L. Hutchinson, National Secretary. 
COMMITTEE ON CODE OF PRINCIPLES OF PROFESSIONAL CONDUCT 
John W. Lieb, Chairman, 124 E. 15th Street, New York, N. Y. 
A. H. Babcock, R. D. Mershon, C. E. Skinner, 
G. Faccioli, L. F. Morehouse, John B. Whitehead. 
COMMITTEE ON AWARD OF INSTITUTE PRIZES 
H. P. Charlesworth, Chairman, 195 Proein ay, New York, N. Y. 
E. B. Meyer, F. W. Peek, Jr. 
COMMITTEE ON COLUMBIA UNIVERSITY SCHOLARSHIPS 
W. I. Slichter, Chairman, Columbia University, New York, N. Y. 
Francis Blossom, .C. Carpenter. 
COMMITTEE ON SAFETY CODES 
. P. Jackson, Chairman, Eti E. 15th St., New York, 2B Y. 


hilander Betts, B. Gear, T. Morrison, 
. E. Brobst, F. C. Hanker, R. H. Nexsen, 
‘ Canada, H. W. Leitch, Farley Osgood, 
I . B. Duer, M. G. Lloyd, H. R. Sargent, 
. L. Elden, Wills Maclachlan, W. H. Sawyer, 
J. C. Forsyth, R. W. E. Moore, H. S. Warren. 


SPECIAL COMMITTEES 
LICENSING OF ENGINEERS 


Francis Blossom, Chairman, 52 William Street, New York, N. Y. 
H. W. Buck, Gano Dunn, E. W. Rice, Jr. 
L. E. Imlay, 


ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ARTS 
J. P. Jackson, Chairman, 130 E. 15th Street, New York, N. Y. 
Randolph H. Nexsen, George K. Thompson. 
TECHNICAL COMMITTEES 
AUTOMATIC STATIONS 
Chester Lichtenberg, Chairman, 6901 Elmwood Ave., Philadelphia, Pa. 


P. H. Adams P. E. Hart, O. Naef, 

Caesar Antoniono, Joseph Hellenthal, E. W. Seeger, 

C. A. Butcher, S. J. Lisberger, E. C. Stone, 

M. S. Coover, G. H. Middlemiss, L. J. Turley, 

W. P. Hammond, W. H. Millan, F. Zogbaum. 

COMMUNICATION 

H. W. Drake, Chairman, Western Union Telegraph Co., 195 Broadway, 
ee York, N. Y. 

G. R. Benjamin, S. P. Grace, F. A. Raymond, 

H. P. Charlesworth, Erich Hausmann Chester W. Rice, 

F. J. Chesterman, P. I Howe, C. A. Robinson, 

L. W. Chubb, F. H. Kroger, . K. Roosevelt, 

J. L. Clarke, R. H. Manson, . A. Shepard, 

C. E. Davies, R. D. Parker, . F. Skirrow, 

R. D. Evans, S. R. Parker, M. Turner, 

E. H. Everit, H. S. Phelps, K. L. Wilkinson, 

D. H. Gage, F. A. Wolff. 


Jan. 1928 
EDUCATION 
P. M. Lincoln, Chairman, Franklin Hall, Cornell University, Ithaca, N. Y. 
C. A. Adams, ' eC . Eglin, Harold Pender, 
. Loring Arnold, D.C. ackson, Jr. W. L. Robb, 
ward Bennett, y P. Jackson, i Sorensen, 
Lou:s D. Bliss, Charles L. Kinsloe, 


R. 

DB . Whitehead, 
V. R. Whitney, 
W. E. Wickenden. 


C. V. Christie. 
Nelson J. Darling. 
R. E. Doherty, 


John Mills, 
H. H. Norris, 


ELECTRICAL MACHINERY 


P. D. Newbury, Chairman, Westinghouse Elec. & Míg. Co., East Pittsburgh, Pa. 
W. W. Spratt, Secretary, Westinghouse Elec. & Mfg. rs ., East Pittsburgh, Pa. 


C. A. Adams, . J. Foster, . C. Louis 
P. L. Alger. C. M. Gilt, A. M. MacCutcheon, 
B. P. Bailey, H. M. Hobart, V. M. Montsinger, 
B. L. Barns. B. G. Jamieson, E. C. Stone, 
W. M. Dann A. H. Kehoe, R. B. Williamson. 

C. W. Kincaid 


ELECTRIC WELDING 


J. C. Lincoln, Chairman, Lincoln Electric Co., Coit Road & Kirby Ave., 
Cleveland, Ohio. 


C. A. Adams, Alex. Churchward, a Lunn, 

P. P. Alexander, O. H. Eschholz, . Owens, 

C. W. Bates, F. M. Farmer, illias) Spraragen, 

Ernest Bauer, H. M. Hobart, H. W. Tobey, 

A. M. Candy, C. J. Holslag, Ernest Wanamaker. 
C. L. Ipsen, 


ELECTROCHEMISTRY AND ELECTROMETALLURGY 
G. W. Vinal, Chairman, "EB of Standards, b D.C. 


Lawrence Addicks, Dawson, Seede, 

A. N. Anderson, F. A. J. Fitzgerald, Magnus Unger, 

T. C. Atchison, W. E. Holland, ohn B. Whitehead, 

Farley G. Clark, F. A. Lidbury, . L. Woodbridge, 

Saford K. Colby, C. G. Schluederberg, . L. Yardley. 
ELECTROPHYSICS 


V. Karapetoff, Chairman, Cornell University, Ithaca, N. Y. 
O. E. Buckley, Vice-Chairman. 


Carl Kinsley, Secretary, 22 Lynwood Road, Scarsdale, N. Y. 

V. Bush. J. F. H. Douglas, R. A. Millikan, 
P. M. Clark. C. L. Fortescue, C. A. Nickle, 
W. D. Coolidge, A. Hund, f: Slepian, 

W. P. Davidson, W. B. Kouwenhoven, rving B. Smith, 


K. B. McEachron, J. B. Whitehead. 


ee Representatives of American Physical Society 
. F. J. Swann, A P. . Wills. 


INSTRUMENTS AND MEASUREMENTS 
Everet Lee, Chairman, General Electric Co., Schenectady, N. Y. 


O. J. B C. Holtz, Wm. J. Mowbray, 
um A. B. eden. . F. Kinnard, T. E. Penard, 

. M. Bradshaw, A. E. Knowlton, R. T. Pierce, 
H. B. Brooks, H. C. Koenig, E. J. Rutan, 

L. Conk, W. B. Kouwenhoven, G. A. Sawin, 
Ner le Eastham, E. S. Lee, R. W. Sorensen, 
. N. Goodwin, jr. E. B. Merriam, H. M. Turner. 

APPLICATIONS TO IRON AND STEEL PRODUCTION 
A. G. Pierce. Chairman, 1905 Guarantee Title Building, Cleveland, Ohio. 
A. C. Bunker, S. L. Henderson, E. Schnure, 
F. B. Crosby, O. Necdham, J. W. Speer, 
A.C. Cummins, A. G. Place, G. E. Stoltz, 
M. M. Fowler, T. S. Towle. 


PRODUCTION AND APPLICATION OF LIGHT 


P. S. Millar. Chairman, Electrical Testing Laboratories, 80th St. 

& East End Ave., New ie N. Y. 
W. T. Blackwell, . C. Hall, F. H. Murphy, 
J. M. Bryant, E. A. Hawkins, F. A. Rogers, 
J. R. Cravath, H. H. Higbie, B. E. Shackelford, 
Ww. T. Dempsey, C. L. Kinsloe, C. J. Stahl, 
Willam Esty, A. S. McAllister, G. H. Stickney. 


George S. Merrill, 


APPLICATIONS TO MARINE WORK 


W. E. T5au, Chairman, Westinghouse E. &. M. Co., 150 Broadway, 
New York. N. Y. 
R. A Beekman, Vice-Chairman. 


J. n Pipon: Secretary, American Bureau of Shipping, 24 Old Slip, New York, 


Edgar C. Alger, J. S. Jones, Wm. H. Reed, 

H. C. Coleman, A. Kennedy, Jr., Edgar P. Slack, 

E. M. Glasgow, J. B. Lunsford, H. M. Southgate, 

H. Franklin Harvey, Jr., E. B. Merriam, C. P. Turner, . 
Wm. Hetherington, Jr. I. H. Osborne, Oscar A. Wilde, 

H. L. Hibbard, G. A. Pierce, R. L. Witham. 


APPLICATIONS TO MINING WORK 
T Lesser, Chairman, N wu Hill & Co., VETERE. Pa. 


E Bosson, . B. Kiser, F. Schwedes, 
Gee Bright, Can Lee, E. D. Stewart, 
M. M. Fowler, John A. Malady, F. L. Stone, 
E. J. Gealy. C. H. Matthews, W. A. Thomas, 
L. C. Estey., F. C. Nicholson, E. B. a agner, 
(5. M. Kennedy, B F. Pigg, J. F. Wiggert, 
R. L. Kingsland, L. L. Quigley, C. D. Woodward. 
Herbert ands, 
GENERAL POWER APPLICATIONS 

A. M. MacCutcneoa, Chairman, 1088 Ivanhoe Road, Cleveland, Ohio. 
E. W. Henderson, Secretary, 1088 Ivanhoe Road, Cleveland, Ohio. 
D. H. Bray mer, P. Jones, D. M. Pctty, 
C. W. Drake, G. A. Kositzky, H. W. Price, 

P. Gaskill A. C. Lanier, H. L. Smith, 

arry L. Grant, Austin M. Lloyd, A. H. Stebbins, 
Civde D. Gray, W.S. Maddocks, E. C. Stone, 
C. Francis Harding, N. L. Mortensen, W.H. Timbie, 
E. W. Henderson, K. A. Pauly, F. M. Weller, 
H. D. James, W. C. Yates. 
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POWER GENERATION 


W. S. Gorsuch, Chairman, 600 W. 59th Street, New York, N. Y. 
N. E. Funk, Vice-Chairman. 


Vern E. Alden, H. A. Kidder, I. E. Moultrop, 

F. A. Allner, G. L. Knight, Marion Penn, 
Robert Baker, W. H. Lawrence, F. A. Schettler, 

E. T. J. Brandon. W. S. Lee, W. r Sims, 

Paul M. Downing, F. T. Leilich, M. L. Sindeband, 
James H. Ferry, Jomes Lyman, A. R. Smith, 

C. F. Hirshfeld, illiam McClellan, T. H. Soren, . 
Francis Hodgkinson, W. E. Mitchell, William M. White. 


POWER TRANSMISSION AND DISTRIBUTION 


hilip Torchio, Chairman, 124 E. 15th St., New York, N. Y. 
C Forbes, Secretary, N. Y. Edison Co., 130 E. 15th St., New York, N. Y. 


di: 


R. E. Argersinger, C. L. Fortescue, M. L. Sindeband, 
R. W. Atkinson, C. D. Gibbs, P. Sporn, 

P. H. Chase, C. D. Gray, E. C. Stone, 

W. S. Clark, K. A. Hawley, R. H. Tapscott, 
R. N. Conwell, J.P. US ae P. H. Thomas, 
M. T. Crawford, A. H. Kehoe, W. K. Vanderpoel, 
W. A. Del Mar, W. B. Kirke, Theodore Varney, 
H. H. Dewey, A. H. Lawton, H. L. Wallau, 

L. L. Elden, D. W. Roper, H. S. Warren, 

F. M. Farmer, A. E. Silver, F. R. cu 
Harland C. Forbes, R. J. C. Wood, 


PROTECTIVE DEVICES 


F. L. Hunt, Chairman, Turners Falls Power & Electric Co., Greenfield, Mass. 
H. R. Summerhayes, Vice-Chairman, 
E. A. Hester, Secretary, 435 Sixth Ave., Pittsburgh, Pa. 
R. E. Argersinger, ames S. Hagan, W. H. Millan, 
Raymond Bailey, erman Halperin, R. C. Muir, 
A. C. Cummins, F. C. Hanker, J. M. Oliver, 
H. W. Drake, J Allen Johnson, A. H. Schirmer, 
W. S. Edsall, L. Kingsland, H. P. Sleeper, 
L. E. Frost, M. G. Llovd, A. H. Sweetnam, 
K. B. McEachron, F. D. Wyatt. 
RESEARCH 
F. W. Peek, Jr., Chairman, General Electric Co., Pittsfield, Mass. 
H. D. Arnold, W. P. Dobson, E. W. Rice, Jr., 
Edward Bennett, V. Karapetoff, D. W Roper, 
V. Bush, A. E. Kennelly, C. H. Sharp, 
E. H. Colpitts, S. M. Kintner, C. E. Skinner, 
W. F. Davidson, M. a Lloyd, R. W. Sorensen, 
W. A. Del Mar, C. E. Magnusson, J. B. Whitehead. 
DURAN 
n . B. Duer, Chairman, Pennsylvania Railroad, Altoona, Pa. 
nier Beeuwkes, d Murphy, N. W. Storer, 
E. R. Hill, . S. Murray, H. M. Vandersluis, 
W. K. Howe, W. B. Potter Richard H. Wheeler, 
D. C. Jackson, Sidney Withington. 


A. I. E. E. Representatives 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
COUNCIL 


M. I. Pupin, Gano Dunn. 
AMERICAN BUREAU OF WELDING 


H. M. Hobart. 
AMERICAN COMMITTEE ON ELECTROLYSIS 
B. J. Arnold, N. A. Carle, F. N. Waterman. 


AMERICAN ENGINEERING COUNCIL ASSEMBLY 


H. H. Barnes, Jr., H. M. Hobart, ene, Osgood, 
A. W. Berrestord, F. L. Hutchinson, G^ Pierce. 

+C. C. Chesney, H. A. Kidder P W. Rice, 

F. J. Chesterman William McClellan, *Charles F. Scott, 


*John H. Finney, L. F. Morehouse, 
*M. M. Fowler, I. E. Moultrop, 
*Members of Administrative Board. 


AMERICAN ENGINEERING STANDARDS COMMITTEE 


J. F. Meyer, John C. Parker, C. E. Skinner. 
H. M. Hobart, H. S. Osborne, L. T. Robinson, Alternates. 


AMERICAN MARINE STANDARDS 
COMMITTEE 


R. A. Beekman, 
AMERICAN YEAR BOOK, ADVISORY BOARD 
Edward Caldwell 
BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 


*C. E. Skinner, 
Calvert Townley. 


Bancroft Gherardi, G. L. Knight, Calvert Townley. 
CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND 
COMMITTEE 


Bancroft Gherardi 


COMMITTEE OF APPARATUS MAKERS AND USERS, 
NATIONAL RESEARCH COUNCIL 
C. E. Skinner 


COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF 
INDUSTRIAL ENGINEERS 
C. Francis Harding 


ENGINEERING FOUNDATION BOARD 
Gano Dunn, L. B. Stillwell. 


JOHN FRITZ MEDAL BOARD OF AWARD 
Bancroft Gherardi, M. I. Pupin. 
Farley Osgood. 


JOINT COMMITTEE ON WELDED RAIL JOINTS 
D. D. Ewing, A. P. Way. 
JOINT CONFERENCE COMMITTEE OF FOUNDER SOCIETIES 
The Presidents and Secretaries, ex-officio. 
LIBRARY BOARD OF UNITED ENGINEERING SOCIETY 


Edward D. Adams, F. L. Hutchinson, W. B. Jackson, 
E. B. Craft, W. I. Slichter. 


NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL 
COMMITTEE 


W. T. Morrison, Alternate 


C.C. Chesney: 


J. P. Jackson 
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NATIONAL FIRE WASTE COUNCIL 


John H. Finney, 


Cary T. 


P. Jackson. 


NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 
Hutchinson, S. M. 


Kintner, 


F. L. Hutchinson, ex-oficio. 


NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF 
A. S. S. E.—ENGINEERING SECTION 


J. P. Jackson 


. T. Morrisom, Alternate 


THE RES E SOCIETY 


Craft 


RADIO ADVISORY COMMITTEE, BUREAU OF STANDARDS 
A. E. Kennelly 


SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION 


BOARD OF INVESTIGATION AND COORDINATION 
Gano Dunn, 


Frank B. Jewett. 


Journal A. I. E. E. 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL 
ILLUMINATION COMMISSION 
A. E. Kennelly, C. O. Mailloux, Clayton H. Sharp. 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL 
ELECTROTECHNICAL COMMISSION 


C. A. Adams, Jenn W. Lieb, E. W. Rice, Jr., 
L. W. Chubb, Magalhaes, L. T. Robinson, 
W. A. Del Mar, C. O. Mailloux, D. W. Roper, 
Gano Dunn, A. S. McAllister, Charles F. Scott, 
B. Gherardi, William McClellan, C. H. Sharp, 

H. M. Hobart, i F. Meyer, ex-officio C. E. Skinner, 

D. "i erri : F. D. Newbury, N. W. Storer, 

F. B. Jewett, H. S. Osborne, ohn B. Taylor, 
A. E. Kennelly, Farley Osgood, lihu Thomson, 
H. A. Kidder, Yex-oficio) F. W. Peek, Jr., R. B. Williamson. 


WASHINGTON AWARD, COMMISSION OF 
L. A. Ferguson, 


LIST OF SECTIONS 


Name Chairman Secretary 

Akron A. L. Richmond W. A. Hillebrand, Ohio Insulator 
Co., Akron, Ohio 

Atlanta C. E. Bennett S. C. Bleckley, Ga. Rwy. & Pr. 
Co., Atlanta, Ga. 

Baltimore W.B.Kouwenhoven R. T. Greer, Madison St. Building, 
Baltimore, Md. 

Boston E. W. Davis W. H. Colburn, 39 Boylston St., 
Boston, Mass. 

Chicago B. E. Ward L. J. Vanhalanger, Conway Build- 
ing, Chicago, Ill 

Cincinnati R. C. Fryer Leo Dorfman, Westinghouse Elec. 
& Mfg. Co., Cincinnati, Ohio 

Cleveland A. M. Lloyd E. W. Henderson, 1088 Ivanhoe 
Road, Cleveland, Ohio 

Columbus F. C. Nesbitt W. E. Metzger, Interurban Termi- 
nal Bldg., Columbus, Ohio 

Connecticut A. E. Knowlton R. G. Warner, Yale University, 
New Haven, Conn. 

Denver A. L. Jones R. B. Bonney, Telephone Bldg., 
P. O. Box 960, Denver, Colo. 

Detroit-Ann Arbor F. H. Riddle Prof. A. H. Lovell, University of 
Michigan, Ann Arbor, Mich. 

Erie L. H. Curtis C. P reat gene County Elec. 
Co., Erie, P 

Fort Wayne P. O. Noble F. W. Merrill, General Elec. Co. xi 
Fort Wayne, Ind 

Indianapolis-Lafayette C. A. Fay Herbert Kessel, Fairbanks Morse 
& Co., Indiana polis, Ind. 

Ithaca R. F. Chamberlain H. H. Race, Cornell University, 
Ithaca, N. Y. 

Kansas City S. M. DeCamp B. J. George, Kansas Cit dn & 
Lt. Co., Kansas City, 

Lehigh Valley M. R. Woodward G. W. Brooks, "und ied Pr. 
& Lt. Co., 901 Hamilton St., 
Allentown, Pa. 

Los Angeles L. C. Williams H. L. Caldwell, Bureau of Light & 
Power, Los Angeles, Cal. 

Louisville D. C. Jackson, Jr. W.C. White, Southern Bell Tel. & 
Tel. Co., Louisville, Ky. 

Lynn W. F. Dawson V. R. Holmgren, Gen. Elec. Co., 
Bldg. 64 G, Lynn, Mass. 

Madison J. T. Rood H. cl Hunt, D. W. Mead and 

V. Seastone, State Journal 

Bide., Madison, Wis. 

Mexico B. Nikiforoff E. D. Luque, Providencia 520, 
Colinia Del Valle, Mexico, D. F., 
Mexico 

Milwaukee John D. Ball Wm. J. Ladwig, Wisconsin Tel. 
Co., 418 Broadway, Milwaukee, 
Wis. 

Minnesota J. E. Sumpter Gilbert Cooley, Rice & Atwater. 
St. Paul, Minn. 

Nebraska N. W. Kingsley Roy Hagen, General Electric Co., 

; Omaha, Nebraska 
New York L. W. W. Morrow J. B. Bassett, General Elec. Co., 


Niagara Frontier 
Oklahoma 


L. E. Imlay 
Edwin Kurtz 


120 Broadway, New York, N. Y. 


E. P. Harder, 205 Electric Build- 
ing, Buffalo, N. Y. 

B. A. Fisher, Oklahoma A. & M 
College, Stillwater, Okla. 


Charles F. Scott. 


Name Chairman Secretary 

Panama L. W. Parsons M. P. Benninger, Box 174, Balboa 
Heights, C. Z. 

Philadelphia I. M. Stein R. H. Silbert, 2301 Market St., 
Philadelphia, Pa. 

Pittsburgh W. C. Goodwin H. E. Dyche, University of Pitts- 
burgh, Pittsburgh, Pa. 

Pittsfield H. O. Stephens R. Finch, General Electric 


Portland, Ore. 


Providence 
Rochester 


St. Louis 
San Francisco 


Saskatchewan 


Schenectady 


Seattle 

Sharon 

Southern Virginia 
Spokane 


Springfield, Mass. 
Syracuse 
To edo 


Toronto 


Urbana 


Utah 


Vancouver 


Washington, D. C. 


Worcester 


Total 52 


LIST OF BRANCHES 


J. E. Yates 
F. N. Tompkins 


R. D. De Wolf 


L. F. Woolston 
W. L. Winter 
J. D. Peters 


T. A Worcester 


C. R. Wallis 
L. H. Hill 

W. S. Rodman 
L. R. Gamble 


C. A. M. Weber 
C. E. Dorr 

T. J. Noan 

C. E. Sisson 


F. 
Co., Pittsfield, Mass. 

L. M. Moyer, General Electric 
Co., Portland, Ore. 

F. W. Smith, Blackstone Valley 
ied & Electric Co., Pawtucket, 


C. C. Eckhardt, Igrad Condenser 
x Mig Co., 26 Ave. D, Rochester, 


L. P. Van Houten, 2670 Washing- 
ton Boulevard, St. Louis, Mo. 


A. G. Jones, 807 Rialto Bldg., San 
Francisco, Calif. 


W. P. Brattle, Dept. of Tele- 
phones, Telephone Bldg., Re- 
gina, Sask., Canada 


R. F. Franklin, Room 301, Bldg. 
No. 41, General Elec. Co., 
Schenectady. N. Y. 

Ray Rader, Puget Sound Pr. & 
Lt. Co., Seattle, Wash. 

H. B. West, Westinghouse Elec. 
& Mfg. Co, Sharon, Pa. 

J. H. Berry, 1338 Rockbridge 
Ave., Norfolk, Va. 

James B. Fisken, Washington 
Water Power Co., Lincoln & 
Trent, Spokane, Wash. 

B. V. K. French, American Bosch 
Magneto Co., Springfield, Mass. 

F. E. Verdin, 615 City Bank Bldg., 
Syracuse, N. Y. 

Max Neuber, 1257 Fernwood Áve., 
Toledo, Ohio 

F. F. Ambuhl, Toronto Hydro- 
Elec. System, 226 Yonge St., 
Toronto, Ont., Canada 


J. O. Kraehenbuehl J. 2 Tuthill, 106 Transportation 


ldg., University of Ilinois, 
Urbana, Ill. 


Daniel L. Brundige C. B. Shipp, General Electric Co., 


A. C. R. Yuill 


M. G. Lloyd 


Salt Lake City, Utah 


J. Teasdale, British Columbia 
Elec. Railway Co., Vancouver, 
B. C., Canada 


H. E. Bradley, Potomac Elec. 
Pr. Co., 14th & C Sts., N. W., 
Washington, D. C. 


Guy F. Woodward F. B. Crosby, Morgan Construc- 


tion Co., 15 Belmont St., Wor- 
cester, Mass. 
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Akron, Municipal University of, Akron, Ohi0........ 0... ccc cc ee eee ee ceca C. R. Delagrange P.W Bierman J. T. Walther 
Alabama Polytechnic Institute, Auburn, Ála...........ceeeeeeeeet e hn T. S. Lynch P. E. Sandlin W. W. Hill 
Alabama, University of, University, Ala... ... 0. ccc ccc ce ce eee n eee Sewell St. John J. M. Cardwell, Jr. 
Arizona, University of, Tucson, Ariz... 1... ccc ccc cc eee ee tee eee ence Gary Mitchell Audley Sharpe J. C. Clark 
Arkansas, University of, Fayetteville, Ark... 0.0... cc cee ee eee cence W. H. Mann, Jr. Dick Ray W. B. Stelzner 
Armour Institute of Technology, 3300 Federal St., Chicago, Ill................ L. J. Anderson H. T. Dahlgren D. P. Moreton 
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y............. James Brown F. W. Campbell Robin Beach 
Bucknell University, Lewisburg, Pa...................eeeeeeee eh mn G. B. Timm A. C. Urffer W. K Rhodes 
California Institute of Technology, Pasadena, Calif.................. eese J. W. Thatcher J. G. Kuhn R. W. Sorensen 
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Case School of Applied Science, Cleveland, Ohio................ee eere G. J. Currie 
Catholic University of America, Washington, D. C...........cccscccccccccncs J. V. O'Connor 
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Clarkson College of Technology, Potsdam, N. Y................eeee enn G. L. Rogers 
Clemson Agricultural College, Clemson College, S. MEME: inei A. P. Wylie 
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Colorado State Agricultural College, Fort Collins, Colo............. eee Harold Groat 
Cooper Union, New York, N. Y................ CIRC RENCONTRES E. T. Reynolds 
Denver, University of, Denver, Colo...........eeeeeeeeeeeeeees esten nn G. K. Baker 
Drexel Institute, Philadelphia, Pa... .... cece ccc ce cect eee cence nen tn J. E. Young 
Duke University, Durham, N.C......... ccc ccc cece cece cc ec ee sess ce nreccees O. T. Colclough 
Florida, University of, Gainesville, Fla... ...... ccc ce eese eee hh W. H. Johnson 
Georgia School of Technology, Atlanta, Ga....... cc cece cc cw ence ete ce ee nnes J. A. Hart 
Idaho, University of, Moscow, Idaho......... cc cc cece cence cer aces ccecsseece R. G. Elliott 
lowa State College, Ames, Iowa........... ccc cece ce cc n SOS we v a aes W. H. Curvin 
lowa, State University of, Iowa City, Ilowa.......s.s.sesesssseso E E DER F. L. Kline 
Kansas State College, Manhattan, Kansas..........ccceccccnccsces TERA uad R. D. Bradley 
Kansas, University of, Lawrence, Kans8.......... ccc ccc cccccccccrevcseseccs Claire Williamson 
Kentucky, University of, Lexington, Ky.......... eese ron d sd ed H. M. Otto 
Lafayette College, Easton, Pa....... cc cc cc cc cc ee cc cece ete] en John W. Dagon 
Lehigh University, Bethlehem, Pa... .....c ccc cece cece cece mo] mn H. C. Towle, Jr. 
Lewis Institute, Chicago, Ill............ — sah Weare Cag OES PS L. F. Masonick 
Louisiana State University, Baton Rouge, La................ — '——— 2 R. C. Alley 
Maine, University of, Orono, Maine...............e eese ho n R. F. Scott 
Marquette University, 1200 Sycamore St., Milwaukee, Wis..........cceceeees J. R. Adriansen 
Massachusetts Institute of Technology, Cambridge, Mass............... eee W. M. Hall 
Michigan State College, East Lansing, Mich.............ceeeeeeee o eoo K. E. Hunt 
Michigan, University of, Ann Arbor, Mich.............eeeeeeeeer m nnn L. J. VanTuyl 
Milwaukee, Engineering School of, 415 Marshall St., Milwaukee, Wis........ ..Joseph Havlick 
Minnesota, University of, Minneapolis, Minn.............. eee een G. C. Brown 
Mississippi Agricultural & Mechancal College, A. & M. College, Miss.......... H. M. Stainton 
Missouri School of Mines & Metallurgy, Rolla, Mo.................... .....H. H. Brittingham 
Missouri, University of, Columbia, Mo........... ccc cee ccc cc cece hr C. E. Schooley 
Montana State College, Bozeman, Mont............ eee tn TR W. F. Kobbe 
Nebraska, University of, Lincoln, Neb................ e ccc cre cect cee o ttn W. A. Van Wie 
Nevada, University of, Reno, Nevada.......... cc ccc wee eene ett tnn K. K. Knopf 
Newark College of Engineering, 367 High St., Newark, New Jersey..... ...... E. S. Bush 
New Hampshire, University of, Durham N.H......... cece cece cc erence sens S. S. Appleton 
New York, College of the City of, 139th St. & Convent Ave., New York, N. Y.... Joseph Leipziger 
New York University, University Heights, New York, N. ¥........0 ccc ccceee J. F. Torpie 
North Carolina State College, Raleigh, N.C........ cc cc ee cc ee cence eee enes J. C. Davis 
North Carolina, University of, Chapel Hill, N. C.......... ccc cee cece eee D M. Holshouser 
North Dakota, University of, University Station, Grand Forks, N. D..... —— € Alfred Botten 
Northeastern University, 316 Huntington Ave., Boston 17, Mass.............. L. A. Smith 
Notre Dame, University of, Notre Dame, Ind................ asbl cac o qt Charles Topping 
Obio Northern University, Ada, O............eeeee eese soot o] nn John Simmons 
Obio State University, Columbus, O.......... cec cc eect cece eeevcccees . A. B. Crawford 
Ohio University, Athens, O...oiusovsee rer RR RR E WAR we CR OU a ORC RR Clarence Kelch 
Oklahoma A. & M. College, Stillwater, Okla............... eee eer nmn Benny Fonts 
Oklahoma, University of, Norman, Okla..............eeeeeeen nnn ox o e Dick Mason 
Oregon State College, Corvallis, Ore... .... ccc cece ccc cece eese tnn J D. Hertz 
Pennsylvania State College, State College, Pa....... ccc ccc cc cee en cee eeees Carl Dannerth 
Pennsylvania, University of, Philadelphia, Pa.................. iu qae arcad Wm. H. Hamilton 
Pittsburgh, University of, Pittsburgh, Pa............. ccce ntn K. A. Wing 
Princeton University, Princeton, N. J......... ccc cece cee cece e tse neeccenees R. W. MacGregor, Jr. 
Purdue University, Lafayette, Indiana....... 0... ccc cc ec ec ce reece nn H. L. Lindstrom 
Rensselaer Polytechnic Institute, Troy, N. Y..............eeeee ehh tnn W. F. Hess 
Rhode Island State College, Kingston, R. I................eeeeeeeeeeetrh nn C. F. Easterbrooks 
Rose Polytechnic Institute, Terre Haute, Ind...................eeee eene .. Arthur Drompp 
Rutgers University, New Brunswick, N. J.................eeeeeeee ee ene ne N. A. Kieb 
Santa Clara, University of, Santa Clara, Calif.............. leere eee eee R. P. O'Brien 
South Dakota State School of Mines, Rapid City, S. D................ eee D. A. White 
South Dakota, University of, Vermillion, S. D................. eee eee nnn Stanley Boegler 
Southern California, University of, Los Angeles, Calif.............. eee Lester Bateman 
Stanford University, Stanford University, Calif......0 0... cc ccc cece eee D. E. Chambers 
Stevens Institute of Technology, Hoboken, N. J.................. eere nnn W. N. Goodridge 
Swarthmore College, Swarthmore, Pa............ cece ccc cece cence se etceeees T. C. Lightfoot 
Syracuse University, Syracuse, N. Y..... ccc ccc eee cece cece es ens eres ...E. D. Lynde 
Tennessee, University of, Knoxville, Tenn........ 0... ccc cece eee reet J. R. McConkey 
Texas, A. & M. College of, College Station, Texas............ eee eene J. L. Pratt 
Tezas, University of, Austin, Texas.......... ccce cece cere ehe hon G. E. Schade 
Utah, University of, Salt Lake City, Utah.............eeeeeee cw cece nn C. E. White 
Virginia Military Institute, Lexington, Va.......... ccc ccc eee c ence eee enr nt F. Barkus 
Virginia Polytechnic Institute, Blacksburg, Va............ eee . .R. M. Hutcheson 
Virginia, University of, University, Va........... 0 ccc cere een Vis eaten a H. D. Forsyth 
Washington, State College of, Pullman, Wash............... eese. Jb albae the Harry Wall 
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Nels Anderson 
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NEW CATALOGUES AND. OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 

Portable |Instruments.—Bulletin GEA-158A, 30 pp. 
Describes portable instruments for alternating and direct-current 
testing. “General Electric Company, Schenectady, N. Y. 

- Recording Instruments.— Bulletin 362, 28 pp. Describes 
Bristol’s recording instruments for power plants, and illustrates 
‘typical installations. The Bristol Company, Waterbury, Conn. 

Railroad Electrification.— Bulletin GEA-150A, 44 pp. 
Describes the electrification of the Chicago, Milwaukee and 
St. Paul Railway. General Electric Company, Schenectady, N. Y. 

Circuit Breakers.— Bulletin 16, 4 pp. Describes Pacific 
type MS-1 control mechanism for oil eireuit breakers of the 
vertical plunger type. Pacific Electrice Manufacturing Com- 
pany, 5815 Third Street, San Francisco, Cal. 

Laboratory Apparatus.—Bulletin GEA-39, 
Describes electrical laboratory apparatus and 
service for technical high schools and vocational schools. 
eral Eleetrie Company, Schenectady, N. Y. 

History of the Hazard Companies.— Booklet, 12 pp., 
“Fathers of Industry,‘ is a brief historical sketeh of the Hazard 
companies and their founders covering a period of more than one 
hundred years. Hazard Manufacturing Company, Wilkes- 
Barre, Pa. 

Alternators.— Bulletin 151, 20 pp. Describes six different 
types of alternators. (Contains tabulations of dimensions for 
outline prints. The flywheel effect requirements for engine 
driven alternators is thoroughly explained. The Ideal Electric 
& Manufacturing Co., Mansfield, Ohio. 


NOTES OF THE INDUSTRY 


Corning Glass Works Appoints Representative.—The 
Corning Glass Works has appointed Glenn A. Briggs as repre- 


60 pp. 
educational 
Gen- 


. sentative at 2351 Cambridge Avenue, Chicago, to handle only 


the sales of Pyrex Power insulators in the middle west territory. 

Burndy Engineering Company, Inc., 10 East 43rd Street, 
New York, has been appointed distributor of ''Everdur" 
a new alloy by the American Brass Company. This material 
consists of copper, silicon, and manganese, having unusual 
properties of strength and corrosion resistance. The alloy will 
be stocked by the Burndy Engineering Company in all basic 
forms, and the company is also in a position to supply all castings 
and forgings of this material. 

A New Centrifugal Pump Unit.—The type SSU centrifugal 
pumping units recently brought out by the Allis-Chalmers 
Company are combined motor and pump units of simple and 
compact design, the complete units being not much larger than 
& motor alone. As both the pump and motor parts are built 
and guaranteed by the same manufacturer there is no divided 
responsibility. The pumps are built in sizes up to 215 x 214 
inches and can be used with motors up to seven and a half horse- 
power. 

The Gilby Wire Company has moved to its new plant on 
Riverside Avenue, Newark, N. J., located between the Riverside 


 . and Woodside Stations of the Erie R. R. The new plant has 


practically twice the floor space previously occupied. and there 
is ample room for additional buildings, as required. Wilbur B. 
Driver, president, Walter Gilby, treasurer and William Wind, 
secretary, were all associated for many years with the Driver- 
Harris Company, of which Wilbur B. Driver was founder. 
J. B. Maris, vice-president, electrical engineer and metallurgist, 
was formerly with the Westinghouse Electric & Manufacturing 
Company. 

Incandescent Lamp Sales.—Sales of incandescent lamps in 
the United States during 1927 total approximately 320,000,000 
large size and 218,000,000 small lamps, according to a review of 
the eleetrieal industry for the vear by John Liston of the General 
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Electrice Company. This is an increase of about S,000.000 or 
2146 per cent in the large sizes over 1926 and 16,000,000 or 8 
per cent in the small sizes over the previous year. ‘‘Sales the 
past year were the largest in the industry," says Mr. Liston; 
"In ten years the sale of large lamps has doubled and that of 
the small lamps has tripled. The year has also seen a noticeable 
increase in the sales of 10,000 watt lamps, the largest in com- 
mercial production, which were developed for motion picture 
studio use. These big lamps are now being widely used for 
aviation field l'ehting." 

Copperweld Steel Company in New Plant.—With the 
removal of its main office from Rankin to its new twenty-acre 
mill at Glassport, Pa., the Copperweld Steel Company announees 
that headquarters of both the sales and engineering departments 
will be at Glassport. The personnel of these departments, as 
now constituted, is as follows: Robert J. Frank. vice-president in 
charge of sales; Stanton Hertz, formerly electrical engineer, 
becomes sales manager; Rolf Selquist, formerly assistant electri- 
eal engineer, has been appointed eleetrical engineer: Wm. Jay 
Mellvane has been appointed distriet manager with head- 
quarters at New York. Erich G. Elg becomes district manager 
with headquarters at Chicago. S. H. Burr, formerly inspector 
and line material speeialist at both the Buffalo and New York 
offices of the Gray bar Eleetrie Company, has joined the engineer- 
ing department of the Copperweld Steel Company, with head- 
quarters at New York. 

Review of 1927 and Outlook for 1928.— Gerard Swope, 
president of the General Eleetrie Company, in reviewing business 
eonditions for the past year and commenting on the outlook for 
1928 reeently said: "The electrical manufacturing business for 
1927 has, on the whole, been satisfaetory, and about the same in 
volume as the previous year. The use of electric current in 
homes and faetories has inereased 7 per eent over 1926, and with 
the exception of 1921 has shown an increase each year since 1919 
when the index was first prepared, and the consumption in 1927 
was more than double what it wasin 1919. This is becoming one 
of the best indices of general and industrial eonditions in Ameriea. 
The outlook for 1928, is on the whole, favorable. Economie 
conditions are sound and the satisfaction of the demand of 
120.000,000 people should provide ample business activities 
with the usual attendant improvement in the art. Earnings of 
labor have never been so high and with a continuance of good 
business their earnings should eontinue and employment become 
steadier.” 

William P. Palmer, president of the American Steel & Wire 
Company since 1889, died at his home in Cleveland, December 17. 
He was formerly secretary of Carnegie, Phipps & Company, 
assistant to the president of the Carnegie Steel Company and 
second vice-president of the Illinois Steel Company. He was 
also a director of the United States Steel Corporation. 

James S. Keefe, Vice-president of the American Steel & Wire 
Company for twenty-seven years, has been elected its president. 

Harvey Hubbell, president of Harvey Hubbell, Ine.. Bridge- 
port, Conn., manufacturers of electrical devices, died on Decem- 
ber 17, in that city. Mr. Hubbell had to his credit more than 
one hundred patents for his inventions in electrical switches 
and sockets and machine tools. He was born in Brooklyn, 
N. Y., and received his technical education at Cooper Institute 
in New York. In 1888 Mr. Hubbell established a small plant 
in Bridgeport, which has grown steadily to its present imposing 
dimensions. 

At a meeting of the Board of Directors of the company on 
December 27, Harvey Hubbell, Jr. was elected president and 
treasurer to succeed his father. He was associated with the 
elder Hubbell in the management of the business for a number 
of years. No changes in the established policies of the company 
are contemplated. 
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Electrical Communication 
at the Winter Convention 


One of the outstanding features of the coming 
Winter Convention is the “Electrical Communication" 
session scheduled for Thursday morning, February 16. 
At this session greetings will be exchanged between 
the Institute and its sister society in London, England, 
by radiotelephone which will be heard by the members 
of both societies at meetings held simultaneously. 
Nothing could better illustrate the wonderful and 
spectacular advances in the art of electrical communi- 
cation than a comparison of this meeting with one held 
by the Institute twelve years ago under the leadership 
of General John J. Carty, at that time president of the 
A. I. E. E. 

On May 16, 1916, a National Meeting of the Institute 
was held simultaneously, by means of long distance 
telephone, in Boston, New York, Philadelphia, Atlanta, 
Chicago and San Francisco, with President Carty 
presiding over the entire meeting. The auditoriums 
in the six cities where the meeting was held were 
connected by telephone, and each of the 4500 mem- 
bers in attendance was provided with an individ- 
ual telephone receiver. In addition, the Salt Lake 
and Denver Sections of the Institute were connected 
to listen in, but owing to the danger of interruption 
could not take active part in the meeting. The meet- 
ing was addressed by some of the leading engineers 
and educators of the country, and being the first 
meeting of its kind attracted nationwide attention. 
President Woodrow Wilson sent a telegram from the 
White House, Washington, congratulating the Insti- 
tute on its work of developing the country's resources. 
At the close of the meeting, the following resolution 
presented by Prof. Harris J. Ryan at San Francisco, 
was passed: 

REsoLvEep, that this national meeting of the American 
Institute of Electrical Engineers at Boston, San Francisco, 
Atlanta, Chicago and New York now assembled, does hereby 
express its deep appreciation of the efforts of all those who have 
cooperated in the holding of such a meeting, which is now for 
the first time held in any country; and that a record of the 
proceedings of this meeting which is made possible by the 
inventive genius and by the engineering ability of its own 
membership, be spread upon the minutes of the Institute, 
where for generations to come it will serve as an inspiration to 


engineers everywhere, and will mark an epoch in the history 
of engineering achievement. 


During the twelve years which have intervened, 
tremendous strides have been taken in the field of 
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electrical communication. 


The developments in radio 
have abolished the need of physical connection by 
wire, and the introduction of loudspeakers has done 
away with the need for individual telephone receivers, 
so that the national meeting of 1916 is succeeded 
by an international meeting in 1928 under the leader- 


ship of President Gherardi. At this meeting greet- 
ings will be exchanged between two countries separated 
by 3000 miles of ocean; wired communication will 
be replaced by wireless and individual receivers are 
made unnecessary by the public address system. 
Today electrical communication is practically inde- 
pendent of distance, time, and wired connection, and 
of a quality which leaves but little room for 
improvement. 

Notwithstanding the phenominal advances in this 
art the last word has by no means been spoken, and 
successful laboratory experiments have pointed the way 
to the commercial development of future improvements. 
Only a few days ago an experiment was reported in 
which the voice from a loudspeaker at the Bell Tele- 
phone Laboratories was distinctly heard on the opposite 
bank of the Hudson River, over a mile away. Tele- 
vision has reached a successful laboratory stage during 
the past year and its commercial development is cer- 
tainly but a matter of time. Communication both by 
sight and hearing between all the nations of the world 
seems to be indicated as a not far distant accom- 
plishment. 


New Airway Lighting 
on Pacific Coast 

In its program of lighting important air-mail and 
commercial airways, the Bureau of Aeronautics, 
Department of Commerce, has recently let additional 
contracts for the lighting of 390 miles of airway between 
San Francisco and Los Angeles, and surveys have been 
completed for extending the lighting to Redding, 
California. 


The government also has under way plans which 
call for completion of airway lighting between Los 
Angeles and Seattle, Los Angeles and Salt Lake City 
and San Francisco and Salt Lake City within the 
coming year, a total distance of approximately 2500 
miles. Revolving beacon lights are to be placed every 
15 miles and illuminated emergency landing fields every 
30 miles. Central station service will be utilized where 
available, otherwise a 2-kw. gas engine set will be 
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installed for beacon lights and a 4-kw. set for emergency 
landing fields. 
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Some Leaders 
of the A. I. E. E. 


William Joseph Hammer, Vice-President of the 
Institute (1891-2 and 3), Manager (1893-4-5 and 6) 
and a Life Member and Fellow, was born at Cressona, 
Pennsylvania, Feb. 26, 1858. His early education was 
acquired at private and public schools in Newark, 
N. J., supplemented by attendance at university and 
technical school lectures abroad. 


In 1878 he became an assistant to Edward Weston 
in the Weston Nickle Company and in Dec. 1879 
entered Edison's laboratory at Menlo Park, N. J. 
as general assistant. For a time he had charge of the 
tests and records on the incandescent lamps and in 1880 
was made the first chief electrician of the Edison Lamp 
Works which turned out 50,000 Edison lamps the first 
year. In October 1881 he was sent by Mr. Edison to 
the Paris Electrical Exposition, on his way to London to 
become chief engineer of the English Edison Co. Here 
he constructed the first central station for incandescent 
electric lighting in the world at Holborn Viaduct which 
started up Jan. 12, 1882. At the same time he installed 
the large plant using 12 Edison dynamos, at the Crystal 
Palace Electric Exposition and Edison's Paris Exhibit. 


In 1883 he accepted the post of chief engineer of the 
German Edison Company, (now known as the Allege- 
meine Elektricitaets Gesellschaft), putting in many 
plants throughout Germany. Mr. Hammer invented 
the automatic motor-driven ''flashing" electric lamp 
sign (now universal) placing it upon the Edison Pavilion 
at the Berlin Health Exposition in 1883. In 1884 here- 
turned to the United States, taking charge of Mr. Edi- 
son's personal interests and 8 Edison Companies, exhib- 
its at the Franklin Institute Elect. Exhibition later be- 
coming confidential assistant to President Johnson of the 
parent Edison Company, and, with E. H. Johnson and 
Frank J. Sprague, an incorporator and trustee of The 
Sprague Company and its first secretary. In 1884-5 he 
was chief inspector of Central Stations of the Edison 
Company. In 1886-7 he was chief engineer and general 
manager of the Boston Edison Company. Acting asa 
contractor, he laid $140,000 worth of Edison under- 
ground tubing and with the Sprague agents installed 
98 Sprague motors. Later acting as an independentengi- 
neer, he completed the lighting plant of the Ponce de 
Leon Hotel at St. Augustine, Fla., overhauled the 
Jacksonville Edison Plant which had been struck by 
lightning, and installed $40,000 worth of electrical 
effects at the Cincinnati Exposition of 1888. 


Mr. Edison appointed him his personal representa- 
tive at the Paris Exposition of 1889. Here he set up 
and operated all Edison inventions, a work for which 
in 1925, (34 years later), through the personal efforts of 
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Mr. Edison, he was made Chevalier of the Legion of 
Honor by the French Government. 

For his elaborate experiments in telephone relaying 
between New York and Philadelphia on Feb. 4, 1889, 
Mr. Hammer received the John Seott Medal from the 
Franklin Institute Feb. 5, 1902. Talking and music 
were sent through the air six times and through 15 
separate mediums, the physical characteristics of the 
sound waves being changed 48 times in transmission 
and broadcasted by telephone from the Franklin 
Institute to 14 cities. Some of these experiments were 
repeated before the Electrical Jury at Paris in 1889. 
In 1896 he was president of the National Conference 
upon Standard Electrical Rules which originated “The 
National Electric Code,” vice-president of the New. 
York Electrical Society and The Aeronautical Society. 
Also expert and secretary of The Aeronautics Com- 
mission of the Hudson Fulton Celebration (1909), and 
in 1911 published a complete Aeronautical Chronology 
of Aviation. 

In 1906 the Franklin Institute conferred upon him 
the “Elliott Cresson” gold medal for his ‘Historical 
Collection of Incandescent Electric Lamps" a work of 
34 years. This “History of an Art” also received a 
silver medal at the Crystal Palace Expo. in 1882 and 
“The Grand Prize" from the St. Louis Expo. in 1904. 

In 1902 Mr. Hammer brought from the Curie 
Laboratory in Paris 9 tubes of radium and took 
up actively work with radium. He delivered 88 
lectures on radium before universities, colleges, 
scientific societies, etc. He wrote the first book 
published upon radium (1903) and proposed and 
used radium for cancer and tumor treatment. He also, 
in 1902, invented the “Radium Luminous Materials" 
which are now universally used for instrument dials, etc. 
He has done considerable original laboratory work upon 
selenium, radium, X-rays, cathode rays, ultra violet 
rays, phosphorescence, fluorescence, cold light, wireless, 
etc., and has contributed much to technical literature. 

He is a Fellow of the American Physical Society, 
and the American Association for the Advancements of 
Science, was one of the founders of the Edison Medal 
Fund in 1908 and a member of its executive committee 
and President of the Edison Pioneers in 1920. During 
the World War, Mr. Hammer served as Major 
on the General Staff of the U. S. Army at the Army 
War College, Washington, D. C., being attached to the 
Inventions Section of the War Plans Division and 
later to the Operations Division at the War Depart- 
ment in charge of Electrical and Aeronautical War 
Inventions. He also did special work at the U. S. 
Patent Office, at times marking and holding up certain 
patents likely to convey information to the enemy and 
acting as a member of the Advisory Board of Experts 
attached to the Alien Property Commission. He was 
elected Historian General of The Military Order of the 
World War (1926-7-8) and a member of The Society of : 
American Military Engineers. 


Abridgment of 


1926 Lightning Experience on 132-Kv. 


Transmission Lines 
BY PHILIP SPORN: 


Member, A. I. E. E. 


GENERAL 


IG. 1 shows the 132-kv. transmission network in 
question. It comprises approximately 910 mi. of 
actual line, about one-third of which is double- 

circuit, the actual circuit miles being approximately 
1245. The major portion of this network was placed in 
operation very late in 1925, in 1926, or early in 1927. 


. The system is fed by large generating stations at. 


Twin Branch, Philo, Windsor, Kenova, Cabin Creek, 
Logan and Glen Lyn. It is tied in with the Chicago 
system and the systems of the West Penn Power Com- 
pany, The Ohio River Edison Company, The Ohio 
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Public Service Company, and the Cleveland Electric 
Illuminating Company at 132,000 volts. The short- 
circuit capacity on the system varies from approxi- 
mately 1750 amperes to approximately 4750 amperes, 
at 132,000 volts. Values as high as 4000 amperes have 
been actually measured. From a lightning standpoint, 
the network as a whole is subjected to thunderstorms 
considerably in excess of the average over the country 
asa whole. The isoceraunic lines, 2. e., lines connecting 
points of equal thunderstorm intensity, for the territory 
in question ranged from 40 to 60 in April, 150 to 200 in 
June and July, and down to about 60 to 80 in Septem- 
ber. All these figures are based on a 20-year period. 


1]. Electrical Engr., Am. Gas & Electric Co., New York, N. Y. 

3. Tests of High- and Low-Voltage Oil Circuit Breakers, 
Sporn and St. Clair, JourNaL A. I. E. E., July 1927, p. 698. 

Presented at the Winter Convention of the A. I. E. E., New York, 
N. Y., Feb. 13-18, 1928. Complete copies on request. , 


DESCRIPTION OF LINES AND 1926 PERFORMANCE 


In Table I there is given a description of the physical 
characteristics of the various portions of the 132-kv. 
network under discussion. 

Examining Table II, it will be noted, first, that 
the largest number of lightning outages occurred on 
the Twin Branch-Lima line. "This line checks up with 
similar performance on the Lima-Fostoria line, and 
on the Philo-Crooksville line. On the basis of 100 fine 
mi. the largest number of interruptions occurred on the 
Glen-Lyn-Roanoke line, but this figure is of course 
subject to the weakness that the line was in service for 
6 months only, and there is no way of checking up 
whether the ratio employed for figuring the yearly 
number of interruptions was correct for the entire year. 

Of the lines that were in service for an entire year 
the largest number of interruptions per 100 mi. of line 
was sustained by the Logan-Turnerline. This is a line 
that has no ground wires and, in addition, passes 
through especially rugged country. "The length of the 
insulator string on this line is particularly short (as 
shown in Table I) being, in fact, shorter than that of 
any other line with the exception of the Windsor- 
Canton line. Expressed in circuit miles, however, the 
record is rather good. | 

The Roanoke-Reusens line is third in the number of 
interruptions per 100 mi. of line, but the figure for a 
whole year was again obtained by a ratio, and is open to 
the same objections as the figures for the Glen-Lyn- 
Roanoke lines. The Philo-Canton and the Windsor- 
Canton lines, in spite of the fact that the Philo-Canton 
line generally is exposed to more severe storms than the 
Windsor-Canton line, have practically the same record 
for the year 1926, when reduced to a 100-mi. basis. 
The Windsor-Canton line, has two ground wires 
and is considerably lower than the Philo-Canton line 
which has only one ground wire. The record during 
1926 would seem to show that, from the standpoint 
of reliability, the Philo-Canton line, even though 
it has only one ground wire, has been put on a 
planeof apparently equal to that of the Windsor-Canton 
line. From the data gathered on the Glen-Lyn- 
Reusens line and Roanoke-Reusens line in 1926, it 
would seem that the ground wire on these lines was not 
so effective as it was on the other lines. The ground 
wire construction being in general the same on all of the 
lines, a possible explanation for the large number of 
flashovers may lie in the fact that the tower resistance 
over the lines as a whole is rather high. Some of the 
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operating data cited by Hemstreet* showed that there 
is a definite relationship between the number of flash- 
overs and the ground resistance in the particular section. 

An interesting line in the series is the Logan-Sprigg 
line. This line, of wood pole construction, was origi- 
nally built for 88,000 volts and was operated for a 
period of about five years at 44,000 volts. At the end 
of this time, additional insulation was added and the 
line was cut over to 132,000-volt operation. The 
majority of the structures are 2-pole A frames with 
ungrounded steel crossarms. The insulation is un- 


usually liberal. For a while, when the line was first 


Fic. 5—RkrsuLT or TYPICAL FLASHOVER OF 432-Kv. INsuLa- 


TOR STRING WITHOUT ARCING PROTECTION 


(Note badly shattered insulator on ground side) 


placed in operation, the operating records seemed to 
indicate an almost lightning-proof line, but detailed 
investigation has shown that this was not quite so. 
Considering the shortness of the line,—namely 21 
miles,—the record is not particularly good although, 
again, the record is open to the criticism because a 
full vear's data were not available. 
The rest of the data require no particular comment. 


DESIGN DEVELOPMENTS DURING 1927 


1. Whereas in 1926 an extensive program of ground 
wire installation was carried out, in 1927 much more 
attention than in the past was given to a phase that had 
been apparently neglected, and that was the problem 
of the line entrance. In every case, the ground wire 
was brought into the station structure and where the 
station structure design allowed, the number of ground 
wires brought into the station structure was made 
larger than the number on the line itself, all with the 
idea of reducing as much as possible the surge impedance 
of that portion of the system running from the last 
tower to the bus. 

2. In connection with the work discussed above and 


5. Recent Investigation of Transmission Line Operation. 
J. G. Hemstreet, JouRNALA. I. E. E., November 1927, p.1221. 
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along the lines of limiting definitely the amount of 
overvoltage that can be brought into the station 
apparatus a reduction in the insulating value on the 
first mile or so of the line coming into the station was 
made, all with the idea of making certain that the light- 
ning strength of the apparatus connected to the bus was 
equal to, or greater than, the lightning flashover of 
the insulator string on the first mile of line. 

3. Inthe design of the new lines, where the country 
did not absolutely demand it, the use of tower exten- 
sions has been kept at a minimum so as to keep the 
effective height of the line at a predetermined level, 
that level being determined, of course, by the tower 
design itself. In cases where the topography of the 
country permitted, the tension to which the conductor 
was pulled up was considerably reduced, resulting in a 
greater sag and a closer adherence of the conductor 
to the contour of the earth, with, of course, a net 
reduction of the average height of span above earth. 

4. More attention was paid to the mechanical 


Fic. 7—ReEsvu.tt or TypicaL FLASHOVER or 132-kv. In- 
SULATOR STRING WITH STANARD RING AND Horn PROTECTION 


(Note burned ring above conductor; also horn tip slightly burned. 
Insulator undamaged) 


aspect of the arcing protection arrangements with a 
view of minimizing the effects of conductor vibration 
on the protection assembly itself. 


SUMMATION OF EXPERIENCE AND ITS APPLICATION TO 
TOWER LINE DESIGN 


There is only one point that should be stressed, 
and that is, with regard to the question of ground wire. 
Previously it was pointed out that unless a line was 
very low, generally steel tower structures, carrying 
power conductors of 44,000 volts and over, should be 
designed and installed with a ground wire. It is now 
believed that careful consideration should be given to 
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the question of whether or not two ground wires would 
not, in some cases be justifiable with of course particular 
attention to the location of the ground wires as regarded 
the main conductors. The experience with lines 
without ground wires, and particularly the experience 
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obtained during 1926, on the Logan-Sprigg and Turner- 
Logan lines, would seem to prove definitely that it is 
very hazardous and extremely unwise to try to operate 
a line of the type under discussion, without a ground 
wire. 


Abridgment of 


The Stability of the Welding Arc 


BY P. ALEXANDER” 


Member, A. I. E. E. 


INTRODUCTION 


HE term “‘stability” of the welding arc can be 
interpreted in various ways and in accordance 
with conditions under which the welding arc is 

used. 

In this paper, only one phase of the problem is 
discussed; namely, the influence of the various gases 
on the are conduction of the current and the voltage 
necessary to maintain that arc. The stability of the 
arc is judged here by the average voltage drop across 
the short iron welding arc. 


ARC CONDUCTION 


The metallic welding arc is a combination of two 
factors, distinct, yet dependent upon one another. 
The conduction of the electrie current is one factor and 
the transfer of the material across the arc stream is 
another factor. Both these factors are greatly in- 
fluenced by the gas surrounding the arc. "The first 
factor perhaps is more directly affected; therefore, 
only the first one will be discussed in this paper. 

It is a well established fact that the conduction of 
the electric current in the arc is an ionic phenomenon. 
At any instant in a given volume of the arc core, there 
is about an equal number of electrons and positive 
ions. These carriers of the electric charges travel under 
the influence of the electrostatic field in opposite 
directions, the electrons migrate toward the anode and 
the positive massive ions bombard the surface of the 
cathode spot. 

It is this bombardment by the positive ions that 
keeps the temperature of the cathode sufficiently high 
to permit the thermionic emission of the electrons. 

Since the electrons are moving at a much higher 
velocity than the positive ions, the relative number of 
these carriers is not the same. The number of electrons 
greatly exceeds the number of positive ions passed 
through the are in a unit of time so that practically the 
total current is carried by the electrons.! Yet without 
the continual production of the positive ions, the arc 
phenomena would be impossible; hence, both factors 
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play equally important roles and any condition affecting 


one of these factors (or both of these factors at the same 


time) will have a great influence on the stability of the 
arc. 


THERMIONIC EMISSION OF ELECTRONS FROM THE 
CATHODE 


The first factor,—that is, the thermionic emission of 
theelectrons from thecathode,—isa function of tempera- 
ture and is expressed by the well-known Richardson's 


Q 

formula I = A 9e ?*, where A, Q and e are constants 
and 0 the absolute temperature of the substance. 
Temperature is the first and the most important factor. 
The second factor lies in the nature of the material of 
the cathode. Various substances at the same tempera- 
ture will emit very different electronic currents. 
Among the substances giving the largest thermionic 
emissions, caleium oxide holds a marked place. 

If calcium oxide be present in sufficient amount on 
the surface of the electrode of à vacuum tube, the 
thermionic emission may increase several hundred 
times over that produced by an electrode, made, for 
example, of pure iron. In case of the arc conduction 
of the current, it may be expected that Ca O present on 
the surface of the electrode will also greatly facilitate 
the maintenance of a stable arc. The third factor 
affecting the thermionic emission from the cathode is 
the gas surrounding the cathode. Various gases 
influence this emission in different degrees. The 
gas that has the most marked effect is hydrogen. 
Owing to its strong electropositive nature, the first 
gaseous layer next to the cathode creates such a steep 
potential gradient that the electrons will escape the 
surface of the cathode with great facility. 

Taking again the example of calcium oxide, it is 
established that the thermionic emission from that 
compound surrounded with hydrogen increases very 
considerably. The thermionic current from incan- 
descent calcium oxide in air at low pressure is 0.05 
amperes per square centimeters. If hydrogen replaces 
the atmospheric gases, the thermionic current at the 
same temperature will be 1000 amperes per sq. 
em. of the cathode spot. Even a trace of hydrogen is 
sufficient to increase the thermionic emission.’ 
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IONIZATION 


Passing, now, to the consideration of the ionization, 
the first factor to be analyzed is the ionizing potentials 
of the materials present in the state of gas or vapor 
in the space between the electrodes. 

The ionizing potential expressed in the equivalent 
volts is the potential through which the electron must 
fall to acquire sufficient energy to ionize the gaseous 
atom or molecule. The amount of energy necessary 
: to produce this effect is proportional to the stability 
of the atomic structure. Since the helium atom pos- 
sesses the most stable atomic structure, the ionizing 
potential for that gas is the highest. After helium 


comes neon, and soon, until calcium, and finally caesium, . 


which requires the least energy for ionization, is 
reached. ; - 


TABLE I 
IONIZING POTENTIALS? 
lonizing 
Atomic Potentials 
Name Number Symbol Volts 
Helium................. 2 He 24.5 
fo ERN 10 Ne 21.5 
AFEOUR eu wx XR 18 A 15.3 
Oxygen.............. se. 8 O 13.56 — (15.5)* 
Hydrogen............... 1 H 13.53 (15.9) 
Phosphorus............. 15 P (13.3) 
Nitrogen................ 7 N 10.8 — (16.9) 
Mercury................ 8) Hg 10.39 
Sulphur................ 16 S (10.31) 
PANG ute ike xl ES 30 Zn 9.35 
SIHICOD s pv hg x ERE 14 Si 8.50 
CODDOE. corpo 4 eh ee 29 Cu 7.69 
SIIVOR 65.4 ise ava oe ee ees 47 Ag 7.54 
IPOnR bite ee XR Ede 26 Fe 7.4 
Manganese.............. 25 Mn 7.4 
Dhl Sits as Sant restes 82 PG 7.39 
Molybdenum........... 42 Mo 7.1 
Chromium............. 24 Cr 6.7 
Titanium............... 22 Ti 6.5 
Calcium................ 20 Ca 6.09 
Aluminum.............. 13 AI 5.96 
Barium................ 56 Ba 5.19 
Sodium................ 11 Na 5.13 
Potassium.............. 19 K 4.1 
Caesium................ 55 Cs 3.9 
Acetylene.............. C: He (12.3) 
Carbon Monoxide....... CO (14.3) 
Carbon Dioxide......... CO; (14.3) 


*Values in parentheses refer to molecules. 


From the examination of the Table I, it may be 
concluded that if the vapors of alkaline earths, or 
alkal imetals, be present in the space between the 
electrodes striking and maintaining the arc would 
be much easier than in air. The voltage required to 
strike the are and the voltage across the established 
arc will be lower. This conclusion is quite in accord 
with the experimental data.* 


From the table above it may also be seen that the 
ionizing potentials of monatomic gases are very much 
higher than those of molecular gases. Helium, for 
instance, has the highest ionizing potential,—namely, 
24.5 volts,—whereas the ionizing potential of nitrogen 
is 16.9 volts. 


And yet it requires much lower open-circuit voltage 
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to strike the arc in helium than in nitrogen. With 
certain precautions, 20 volts is sufficient to strike the 
are in helium, whereas at least 30 volts is necessary 

to strike the arc in nitrogen.’ | 

This apparent paradox can be explained by the fact 
that in monatomic gases the electron impacts below the 
ionizing or radiating potentials are elastic. In helium, 
for instance, the electron impacts below 20 volts 
(minimum radiating potential) are elastic. The elec- 
tron does not lose its energy at the first or second 
collision, but rebounds and proceeds in a zigzag course 
until it falls through the potential giving it sufficient 
energy to bring the helium atom into an excited state 
at the next impact. ‘If an excited atom already having 
absorbed 20 volts, is again hit with an electron of 
sufficient energy, then the helium atom will be ionized. 

This preservation of the energy of the bombarding 
electron during the successive impacts explains the 
possibility of drawing the arc in helium with lower 
open-circuit voltage than in nitrogen. 

In nitrogen as in all diatomic gases the electron 
impacts are not elastic. In that case the accumulation 
of energy by an electron falling through the potential 
should be sufficiently fast so that in spite of continual 
losses during the encounter with the molecules, it will 
be able to acquire energy sufficient to ionize. There- 
fore the striking voltage in molecular gases must be 
considerably higher than in monatomic gases. 


COOLING OF THE ARC 


The next factor affecting the ionization is the dissipa- 
tion of energy and therefore the cooling of the crater 
and the arc core. It is a well established fact that it 
requires much greater voltage to strike the arc with 
water-cooled electrodes than with electrodes allowed 
to become incandescent.* 


The gases surrounding the electrodes and the arc 
core in certain cases cause such effective cooling that the 
arc voltage, or the voltage necessary to strike the arc, 
are very much higher. If the open-circuit voltage of 
the welding generator is not increased, the arc becomes 
very unstable. 


From an examination of the tables giving the 
physical constants of the gases, it may be seen that 
helium has the highest coefficient of heat conductivity; 
namely, 0.000339 calories per deg. cent. Yet the 
cooling effect of that gas on the arc is not much different 
than that of air of which the coefficient of heat con- 
ductivity is only one-sixth as great; namely, 0.0000568 
calories. On the other hand, if helium be compared 
with hydrogen, which has about the same coefficient of 
heat conductivity (0.000327), it will be found that the 
cooling effect of hydrogen is many times greater than 
that of helium. This indicates that the cooling effect 
of the gas is a function of some other much more power- 
ful factor than the mere dissipation of heat by 
conduction.’ 

The well-known experiments conducted by Dr. 
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Langmuir, on heat losses from incandescent tungsten 
filaments placed in hydrogen, established that the 
powerful cooling effect of that gas is due to the ab- 
sorption of energy by dissociation at high temperature 
of the molecular hydrogen into the atomic state.’ 
However, the mere fact of the dissociation of the 
molecules into the atomic state is not sufficient to 
produce the cooling effect. To produce this, the dis- 
sociation products should diffuse away from the arc 
core so that the recombination of the atoms into mole- 
cules with the inevitable restoration of the absorbed 
energy will occur at sufficient distance from the arc 
core. Otherwise, there will be an immediate restitution 
of the absorbed energy, which excludes the possibility 
of the cooling effect. The most energetic cooling 
effect produced by hydrogen is due not only to the 
fact that the whole mass of that gas in the first gaseous 
layers next to the arc core is dissociated into atomic 
state, but also to the fact that the atomic hydrogen 
rapidly diffuses away from the arc core. 


The gas most commonly met in welding is, of course, 
nitrogen, since it constitutes 78 per cent of the 
ordinary air. This gas also dissociates into the atomic 
state in the first gaseous layers next to the arc core. 
The heat of dissociation of nitrogen is 274,000 calories 
per molecule,—that is, almost three times as great as 
that of hydrogen (98,000 calories per molecule)—so 
that it has the greatest capacity for absorbing energy 
from the are. If the products of dissociation, namely, 
the atomic nitrogen, could be blown away from the arc 
in the same way as the atomic hydrogen is blown away 
from the arc, the atomic nitrogen would be three times 
as efficient as a heat transmission medium as the atomic 
hydrogen. However, the dissociation of nitrogen 
into the atomic state does not begin until the tempera- 
ture is 3500 deg. cent., whereas the dissociation of 
hydrogen is appreciable already at 1800 deg. cent. 
Certain percentage of nitrogen is dissociated in the 
first gaseous layer next to the arc core, but as soon as it 
leaves that region, it recombines into the molecular 
state, with a complete restoration of the: absorbed 
energy. "Therefore the cooling effect of this reaction is 
neglible. | 

The carbon monoxide presents an interesting subject 
for study because in spite of a very high heat of disso- 
ciation and a comparatively high ionizing potential, 
it is the gas in which the welding arc can be maintained 
with the greatest ease. 


The heat of dissociation of carbon monoxide as 
calculated from the band spectra is 258,000 calories 
per molecule.’ If, in spite of this enormous heat of 
dissociation, this gas does not produce any appreciable 
cooling of the arc, either it is not dissociated by the 
arc or the products of dissociation cannot be blown off 
the arc, but recombine in the immediate vicinity of the 
are core with full restoration of the absorbed energy. 

For the purpose of elucidating this interesting 
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point if possible the writer made the following series 
of experiments: 

After preparing and purifying a sufficient amount 
of carbon monoxide, a stream of that gas was passed 
through a cylindrical fused clear quartz vessel in the 
middle of which were disposed two tungsten electrodes. 
The flow of the gas was adjusted so as to duplicate as 
nearly as possible the conditions of an actual welding 
operation if such were made with carbon monoxide 
as a shielding gas. By bringing into contact and 
then withdrawing the tungsten electrodes, an arc of 
30 amperes and 28 volts was established in the stream 
of gas for one minute. At the end of 60 sec., the are 
was hardly visible through the black. deposit on the 
Inside walls of the vessel. 

The following conclusions may be drawn from the 
above observations: Since the three known oxides of 
carbon, namely, C O, C O,, and C; O;, are not solids 
at room temperature, the black deposit could be either 
pure carbon, a mixture of carbon and condensed 
tungsten vapor, or tungsten carbide. The chemical 
analysis of the deposit indicated, however, that the 
black deposit was carbon. 

The experiments repeated with various mixtures of 
H: and C O indicated that the presence of H» does 
not prevent the formation of the black deposit. The 
dilution of CO with hydrogen merely reduces the 
amount of the deposit per unit time. However, when 
the experiment was repeated in pure argon, the walls 
of the vessel remained perfectly clear. 

It may be concluded that carbon monoxide is 
dissociated by the arc and that one of the products of 
dissociation was diffused away. 

This is an apparent contradiction to the well-known 
fact that the dissociation of carbon monoxide begins 
only at extremely high temperature. Therefore in 
this respect the gas should behave like nitrogen. 
This contradiction, however, 1s apparent only, since 
that reaction took place in the presence of readily 
oxidizable materials, and the heat of formation of the 
secondary reactions of the liberated oxygen, and prob- 
ably a part of carbon, compensates for the cooling 
effect of the first reaction. 

Also, since the gas has a smoky appearance in the 
immediate vicinity of the arc core, it may be inferred 
that the liberatéd carbon was condensed into the solid 
state in the region next to the are core. Since the 
heat of sublimation of carbon is quite accurately 
known it is possible to represent the above reaction 
by the equation :'? 

C (gaseous) = C (solid) + 141,000 calories 
so that even in the absence of other secondary reac- 
tions of oxidation and carboration of the electrodes, 
the condensation of carbon alone restores the greatest 
part of the energy previously absorbed from the arc 
core. l 
The oxidation of tungsten, —that is, formation of 
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W O: or W O;,—gives respectively 131,400 and 196,300 
calories per molecule. 

In the case of iron the formation of Fe; O, produces 
197,700 and 270,800 calories respectively. In other 
words, the condensation of the gaseous carbon and the 
oxidation reaction supply an ample amount of heat 
to neutralize completely the cooling effect of the first 
reaction. | 

The most remarkable property of carbon monoxide 
is its stabilizing influence of the welding are burning 
in any gas to which carbon monoxide is added in 
sufficient amount. 

The property is quite astonishing because the 
lonizing potential of this gas is quite high; namely, 
14.3 volts. However, it can be observed that only a 
certain percentage will be dissociated the rest of gas 
will be in molecular form and that with regard to the 
ionization by successive electron impacts carbon 
monoxide behaves in an astonishingly similar manner 
to mercury vapor.! Owing to the existence of several 
critical potentials, both these gases may accumulate 
the energy necessary for ionization by steps, and is 
in mercury vapor, so in carbon monoxide gas it is 
possible to maintain an arc with a very low voltage. 

Carbon dioxide gas is dissociated in the arc into 
oxygen and carbon monoxide. A part of the produced 
carbon monoxide will undergo further dissociation 
into carbon and oxygen. However, in the presence 
of an excess of carbon dioxide, the amount of disso- 
ciated carbon monoxide will be very small. 

The heat of dissociation of carbon dioxide into 
oxygen and earbon monoxide is 68,000 calories per 
molecule. If the products of dissociation are blown 
off the arc, it will be always burning in carbon dioxide 
which through its dissociation will produce a very 
strong cooling effect causing instability of the arc. 

The voltage drop may be as high as 30-35 volts 
and the arc will be very unstable. If, however, the 
are is maintained in a more or less stationary atmos- 
phere of the dissociated carbon dioxide, it will be stable, 
and the arc voltage of an arc of say 175 amperes will 
be only 19 volts. 


CO; Carbon dioxide N. Nitrogen 
CO Carbon Monoxide A Argon 
H; Hydrogen O: Oxygen 


The following curves show the relationship between 
the composition of gaseous mixtures of hydrogen, 
carbon monoxide, carbon dioxide, argon, nitrogen 
and oxygen and the arc voltage. 


CONCLUSIONS 


The stability of the iron welding arc is influenced 
by a number of factors, such as the nature and the 
aerodynamic state of the surrounding atmosphere, 
the strength and distribution of the magnetic field, 
the composition of the electrode, the nature and the 
amount of gases occluded in the electrode, etc. In 
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this paper however, only the first item has been dis- 
cussed in an attempt to show that the cooling of the 


Arc Voltege of an [ron Welding Arc of 100 Amperes ,3 mm. Long. 
o 25 sd 75 
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Arc Ve/fage 


Miateares of Hydrogen with 
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electrode and the arc core has the preponderent 1u- 
fluence on the stability of the arc. 
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LIVING 62 PER CENT UP; LIGHT 
13 PER CENT DOWN 


The cost of living in the United States in July, 1927, 
was 62 per cent above the cost of living in 1914, accord- 
ing to figures just released by the National Electric 
Light Association; while electricity in the bome was 
18 per cent below its 1914 cost. The N. E. L. A. has for 
its authority the National Industrial Conference Board. 
This Board bases its report on data from 143 cities in the 
United States, aggregating 32,695,000 population. 

Intense effort is being devoted at this time to promo- 
tion of first class office, industrial and home lighting. 
It is meeting resistance—resistance which was expected, 
but which is discouraging to some. The following 
table should be a spur to them. 


Relative Im- 
portance in 


Relative Cost 
Pre-war Budget July u 


Per cent 1914 1927 
FEOOd. uer M XX REF 43.1 $1.00 $1.53 
Shelter (cius exi CY YEARS 17.7 1.00 1.68 
CIOUDIBR -es oorr PEE es 13.2 1.00 1.69 
COB o eoru RU RU RERO QUE 3.7 1.00 1.80 
HE. 3265 eS LUE UD ES 1.27 1.00 1.34 
Electricity. vol pesante es 0.63 1.00 . 87 
Sündrles.... i rae ds 20.4 1.00 1.73 
Weighted average, 
allitems............ 100.00 $1.00 $1.02 


—Light, November, 1927. 


Abridgment of 
Vacuum Tube Synchronizing Equipment 


By T. A. E. BELT: 


Member, A. I. E. E. 


Synopsis.—Potential from high-voltage circuits is obtained by 
means of capacitance transformers. This potential is applied to 
the grid circuit of vacuum tube ampitfiers the output from which 
drices a rotating type of synchroscope. Thus the vacuum tube 
synchronizing equipment makes unnecessary costly high-voltage 


HE increasing number of power system inter- 
connections makes synchronizing of high-voltage 
lines almost a necessity. Potential transformers 

for 110 kv. and above which have been almost univer- 
sally used for synchronizing are costly. A newmethod of 
obtaining transformation from a high voltage to a low 
voltage by means of a simple capacitance, the power 
amplification of this controlling potential to an appre- 
cilable amount of power, the utilization of the output 
from the amplifier for operating à rotating type of 
synchroscope makes possible, economically and practi- 
cally, the almost universal adaptation of high-voltage 
synchronizing. - = 


DESCRIPTION OF UNITS 


The vacuum tube synchronizing apparatus as 
developed for commercial service consists of the follow- 
ing units: 

a. Capacitance transformer bushing. 

b. Outdoor Amplifier. 

c. Indoor Amplifier and Power Supply. 


CAPACITANCE TRANSFORMER BUSHING 


Bushings equipped with capacitance transformers. 
(Fig. 1.) are of the regular flange-clamped oil-filled 
porcelain design similar in external appearance and 
construction to the standard line of General Electric 
Company’s oil filled bushings. This added feature does 
not in any way affect the normal functions of the 
bushing when it is used with power apparatus. Where 
power apparatus bushings are not available and it is 
desired to use such a bushing, it may be mounted in a 
separate tank and installed in any convenient place, 
either indoor or outdoor. The capacitance trans- 
former enables these bushings to be used with vacuum- 
tube equipment in place of instrument potential trans- 
formers for synchronizing. 

The necessary voltage for the grid-filament circuit 
of the amplifying tube is obtained from a high-capacity 
condenser within the bushing. This capacity is in 
series with the bushing capacity, the total line-to-ground 
potential of the system being impressed across both. 
The voltage obtained across either condenser is inversely 
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and 


transformers which have been almost universally used for synchro- 
nizing tn the past. 

The paper describes the commercial apparatus, gives equations 
pertaining to the vacuum tube amplifier and shows calculated and 
measured characteristic curves. 


proportional to the capacity. The secondary potenti& 
is approximately 36 volts and therefor a relatively 
high-capacity condenser is employed. This high- 
capacity condenser consists of two layers of thin copper 
sheets separated by a treated paper dielectric and all 
wound on a herkolite cylinder. The outer layer of 
copper is grounded to the ground sleeve and a soldered 
connection to the inner copper layer is brought out 
through a terminal fitted in the ground sleeve. As 
shown in cross-section drawing, Fig. 3, this terminal 


Fic. 1—132,000-Vo_t BusHine EqviPPED WITH CaPaCI- 
TANCE TRANSFORMER SHOWING FLEXIBLE LEAD AND SCHEMATIC 
DIAGRAM OF CONNECTIONS 


is encased by a metal housing to prevent exposure of 
any live metal. 
OUTDOOR AMPLIFIER 


The outdoor amplifier consists of a PT-210 power tube 
with its associated filament transformer and bias 
resistors mounted in a steel weatherproof box. This 
unit is a complete single-stage amplifier. The voltage 
obtained from the capacitance transformer is impressed 
on the grid of the tube and the output delivered to the 
primary of the interstage transformer which is located 
on the indoor amplifier panel. 
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The secondary potential from the capacitance trans- 
former is divided by means of a 600,000-ohm potentiom- 
eter so that 1714 volts are delivered to the grid of the 
tube. The amplification constant of the PT-210, 
and the ratio of the interstage transformer are such that 


1 Cable 

2 Tube 

3 Tube Terminal 

4 Low Voitege Terminal 
5 Cover 

6 Gasket 


Cond. Plates ( Copper) 
7 Var Cambric Tape 


B 
VU Herkolite Cylinder 


Fic. 3—Cnoss-SEcTIoN DRAWING SHOWING METHOD OF BRING- 
ING OUT TERMINAL FROM CAPACITANCE TRANSFORMER 


the voltage applied to the grid of the second stage of 
amplification on the indoor panel is 35 volts. The 
potential from the capacitance transformer cannot 
be successfully applied directly to the grid of the 
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4— SiNGLE UNrr OUTDOOR AMPLIFIER 


second-stage amplifier tube since the d-c. grid current 
of this tube with normal negative bias is sufficient when 
flowing through the 600,000-ohm resistance across the 
low-voltage terminals of the capacitance transformer to 
alter the effective bias voltage so that the tube operates 
on an undesirable portion of its characteristic curve. A 
photograph of a single outdoor amplifier unit is shown 
in Fig. 4. 

Two single outdoor amplifiers can be combined so 
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as to make a double outdoor amplifier as shown in 
Fig. 5. Double units are usually used when synchro- 
nizing directly across oil circuit breakers as this facili- 
tates mounting and reduces the number of necessary 
connections. 

One capacitance transformer must be connected to 
the same phase on each side of the oil circuit breaker 
used for synchronizing, and connections made to the 
corresponding grids of the amplifier tubes. These 
units are preferably mounted near the capacitance 
transformers in order to reduce stray capacity effects 
across the secondary side. 


INDOOR AMPLIFIER AND POWER SUPPLY 


The indoor amplifier is mounted on a panel of 
standard switchboard design. Itisintended for mount- 
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Fic. 5—DovBLE Unit OUTDOOR AMPLIFIER 
ing alongside of the main switchboard, although it 
can be placed in any other convenient location in the 
station. A voltmeter for indicating the plate voltage 
to the tubes, a rheostat in the field circuit of the plate 
and bias voltage generators, and a fused switch for 
opening the voltage supply circuit to the motor- 
generator set, are located on the front of the panel. 
On the back of the panel is mounted two separate 
single-stage power amplifiers requiring two PR-11A 
tubes. The undistorted power output which can be 
obtained from one of these tubes is approximately 
10 volt-amperes. The grid of each tube receives its 
excitation through the interstage transformer from the 
outdoor amplifiers. An output transformer is con- 
nected in the plate circuit of each tube and supplies 
110 volts for operating the synchroscope. The slight 
phase shift in voltage through the amplifier and trans- 
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former is corrected at 60 cycles by connecting the proper 
value of capacitance load across the secondary terminals 
of the output transformer. A metal grill is provided 
for covering the apparatus mounted on the back of the 
panel. The plate connections are made under the 
grill which eliminates any exposed high-voltage circuits. 

All power for operating the vacuum-tube equipment 
is obtained from a small four-unit motor-generator set. 


Sentech Plug anc 
feceptacie 


Fic. 7—ScHEMATIC Layout For SYNCHRONIZING BETWEEN 


DocsBLE BUSES AND A NUMBER or INCOMING LINES 


The power supply for operating the set can be taken 
from the station battery or any other suitable voltage 
source. An automatic starter is located on the indoor 
panel which puts the motor-generator set in operation, 
as soon as the control circuit is closed, by the insertion of 
the synchronizing plug in the proper receptable in the 
switchboard. 

The synchroscope is a 714-in. diameter instrument, 
giving the usual indications of fast, slow, and synchro- 
nism. The synchronism indicator is mounted on a 
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swinging bracket at the end of the switchboard in 
a substation. On the adjoining bracket is a syn- 
chronism indicator operated from potential trans- 
former which in this experimental installation was 
used to check the operation of the vacuum- 
tube-operated synchroscope. This installation hasbeen 
in daily service for over a year, proving its simplicity 
and reliability in actual service. 


APPLICATION 


The construction and operation of the synchroscope 
equipment is such that it is easily adapted for any 
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number of incoming lines. When synchronizing is to 
be accomplished between a number of incoming lines 
and double buses, each incoming line must be equipped 
with a capacitance transformer, but it is necessary to 
use only one capacitance transformer for each bus. 
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Such an arrangement is shown in Fig. 7. The act of 
synchronizing, using the vacuum tube equipment, is 
exactly the same as when potential transformers are 
used. Thus, the operator inserts the synchronizing 
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plug, which automatically places the tube apparatus in 
operation, causing the synchroscope to revolve in the 
usual manner. 

It is of importance to note that one winding of the 
synchroscope may be excited from a potential trans- 
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former and the other winding excited from the vacuum- 
tube amplifier without upsetting the phase relations on 
the synchroscope. A number of such installations 
have been made. . 

The life of the vacuum tubes is relatively long and 
from records of test data should be about 10 years of 
service operating on an average of 15 min. each day. 
Thus the maintenance of the apparatus is reduced to a 
very low degree. 

THEORY AND CHARACTERISTICS 


The capacitance transformer has a constant ratio and 
zero phase-angle shift with varying frequency and 
voltage, providing there is no external circuit connected 
to it. When the potential of the capacitance trans- 
former is applied to the amplifier, a resistance (R, Fig. 
8) and the tube input impedance are connected in 
parallel with capacity, C;. The tube impedance at 
60 cycle is very high as compared with the impedance 
of either C. or R and can be neglected. "The relation 
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between E, and pg is expressed by the following 
equation: 


i- E[ TEC ] 


3rjeg( c0) 4. 0 


in which w = 2 v f and the other symbols refer to Fig. 
8. Both the voltage ratio and the phase-angle shift 
of the capacitance transformer, and resistance combi- 
nation can be obtained from this equation. 


This equation shows that the voltage ratio 


R 


is independent of voltage, but varies with frequency 
and resistance. A numerical example will show the 
magnitude of these variations. A particular 110-kv., 
(63.5-kv. line-to-neutral), installation has the following 
constants; C, = 0.000050 uf, C: = 0.00772 uf, and 
R = 600,000 ohms. The variation of voltage ratio 
with resistance is shown by the curves B and C, Fig. 9. 
The calculated curve B checks the measured curve C 
very closely. These curves show that the voltage ratio 
does not appreciably change with a considerable 
decrease in resistance. Therefore, the ratio is indepen- 
dent of leakage change within the capacitance trans- 
former, which measurements show to be approximately 
100 megohms or more. The ratio of the capacitance 
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transformer mentioned above is 1543 at 60 cycles. At 
50 cycles the ratio is increased 0.05 per cent and at 
70 cycles it is decreased only 0.04 per cent; hence 
the ratio may be considered independent of frequency. 

There is a phase shift through the capacitance 
transformer when a resistance is connected across 
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it, and this phase shift is dependent on both resistance - 
and frequency but is independent of voltage. A 
curve computed from equation (1), showing the varia- 
tion of this phase-angle change with resistance, is given 
in Fig. 10. Thus 600,000 ohms gives a phase-angle 
shift of 2.75 deg., 500,000 ohms, 3.3 deg., and 700,000 
ohms, 2.4 deg. at 60 cycles. At 70 cycles and 600,000 
ohms, the phase-angle shift is 2.4 deg. At50 cycles 
the shift is 3.3 deg.; that is, the secondary voltage Es 
leads the line-to-neutral voltage a small amount due to 
resistance load, and changes slightly with change in 
frequency. 

The vacuum tube amplifier, which is used to supply 
the power to the synchroscope, has characteristics 
which affect the over-all operation of the equipment. 
The complete theory of a vacuum tube amplifier is 
beyond the scope of this paper, but an approximate 
theory will be developed to show its general operation. 
The schematic diagram and the equivalent diagram of 
the a-c. circuits of a single stage of transformer-coupled 
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amplification is shown in Fig. 11. The expression for 
E,, the load voltage, can be written: 


Èo = — H Es —3; (2) 
where 
E, = Load voltage referred to primary of transformer 


u = Amplification constant of tube 
E, = Applied grid voltage 
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Zo = Load impedance referréd to primary of 
transformer 

Z, = Total impedance of tube plate circuit. 

The negative sign of the right side of the equation 

indicates a phase shift of 180 deg. through the tube 

itself, but since transformer coupling is used, this 

phase shift can be corrected by proper choice of trans- 

former connections. 

Equation (2) shows that the voltage ratio of the 
amplifier is dependent on the tube-plate impedance and 
load impedance. The load impedance is independent 
of applied voltage and in a properly designed amplifier 
the tube-plate impedance is independent of applied 
grid voltage. Under these conditions, the voltage ratio 
through the amplifier is constant for varying voltage 
input. Also, since these two impedances are indepen- 
dent of voltage, the phase shift through the amplifier is 
constant with varying voltage. 

The effect of frequency changes on the operation of 
the amplifier can also be predicted from equation (2). 
This equation may be rewritten in the following form: 


: moe 
— AE ——————— 
M Dg R, +j X. 


where R, = Ro + R,; hence it is always larger than Ro. 
As X; increases with frequency, the fraction on the 
nght side of equation (3) increases, but approaches 
unity asa limit. This shows that the over-all amplifi- 
cation of the stage increases with frequency, but 
approaches a definite limit. The percentage increase 
in voltage is less, however, than the percentage increase 
in frequency. | 

The phase angle between E, and E, can be obtained 
from equation (3) and is given by the following 
expression: 


Ey = (3) 


pean aan ee (4) 
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Now R, > Ro 
hence At XL 
Ro R, 
and tan-! Ay > tani At 
Ro Ei 


The angle 0 is therefore positive, and E, leads E, by 
this angle. As the frequency increases, the two ratios 
Xr Raand X,/R, increase in proportion and a consid- 
eration of the anti-tangent functions will show that the 
angle 0 decreases with an increase in frequency. 

The above discussion explains the general operation 
of a vacuum-tube amplifier with inductive reactance 
in the load. If, however, the secondary of the trans- 
former is loaded with capacitance until the reactive 
component of the load impedance is capacitive, then the 
term j X, in equations (3) and (4) is replaced by 
— j Xo. Under this condition it can be shown in the 
same manner as before that with an increase in fre- 
quency theamplification of the stage decreases, the phase 


BELT AND HOARD: VACUUM TUBE SYNCHRONIZING EQUIPMENT 


117 


shift through the stage increases and is always negative. 

The commercial apparatus utilizes a two stage 
amplifier. Now, if 0: represents the total phase angle 
shift from phase voltage of line-to-voltage across 


. synchroscope, 0,, the shift through the capacitance 


transformer, 0, the shift through the first stage of 
amplification and 0;, the shift in the second stage then 
0:2 0i + b: + 0, (5) 


By connecting sufficient capacitance in parallel with 


the synchroscope, the angle 0, can be made negative 
and equal to 0, plus 0;, and hence, the total angle shift 
is zero. With a given capacity, this condition exists 
for one frequency only, and the value of the capacity in 
the commercial equipment is so chosen as to compen- 
sate at the operating frequency. 

The curve of Fig. 12 shows the angular error in 
position of the synschroscope when using the amplifier 
on one side and a potential transformer on the other. 
This is equivalent to the shift through the amplifier 
as the angular error due to the potential transformer is 
negligible. The maximum error within the range of 
50 to 70 cycles is only seven degrees, or only slightly 
larger than one minute on the dial of a clock. The 
device is therefore satisfactory when used in: combina- 
tion with a potential transformer. 

Fig. 18 is a curve showing the angular error when two 
amplifiers are used. In this case the maximum error 
is reduced to 3.3 deg. which is scarcely discernable on 
the synchroscope. 

The authors wish to acknowledge the help given by 
Mr. E. D. Eby and Mr. T. S. Farley, who kindly assisted 
in obtaining the information for this paper. 


URGE SIMPLER LIGHTS TO AID 
AUTO DRIVERS | 


Simpler automobile headlights requiring no adjusting 
or dimming were urged by the Motor Vehicle Lighting 
Committee of the Illuminating Engineering Society at a 
meeting held Jan. 11, 1928. Complicated lighting sys- 
tems, which properly operated, provide perfect lighting 
conditions from every standpoint are not practical in 
the opinion of the majority of engineers present. 

The headlight of the future should not be intended 
to provide lighting conditions but only to give adequate 
illumination with minimum attention from driver. 

More stringent laws regarding headlights were 
suggested by E. C. Crittenden, Chief of the Electrical 
Division of the Bureau of Standards, who declared that 
a high percentage of accidents are caused by faulty 
headlights. He also urged the single-beam light, 
constructed so as to remain properly focused and 
adjusted without attention from the driver. 

Colonel A. B. Barber, manager of the transporta- 
tion department of the United States Chamber of 
Commerce, and W. D. A. Ryan, director of the illumi- 
nating engineering laboratory of the General Electric 
Company also spoke, Colonel Barber outlining the 
the present motor vehicle laws and restrictions and 
urging uniform motor laws for the entire country. 


Abridgment of 


132,000- Volt, Single Conductor, Lead Covered 
Cable 


Introduction, Economics and Commercial Demand 
BY P. TORCHIO: 


Fellow, A. I. E. E. 


Synopsis: —This paper, which describes the development of the 
oil-filled type of 132,000-voll cable, has for convenience been divided 
into four parts. 

In the first part the economic and commercial aspects of the 
development are discussed. It is pointed out that this type of cable 
permits direct interconnection with high-voltage overhead lines and 
it is felt that the satisfactory operation of the two lines which have 
been placed in service this year will be an indication that 220,000- 
volt cable can be constructed without material changes in the design. 

The theory and design of the cable are completely developed in 
the second part. Particular reference is made to the effect on the 


HILE the power generated from local plants in 
heavy centers of industry and population is 
distributed locally at about 13,000 or 25,000 

volts, system interconnection lines and long-distance 
transmission lines require considerably higher pressures 
in the order of 66,000, 132,000 and 220,000 volts. 


In most situations of heavily built-up centers, it 
has been impossible in the past to tie the higher 
voltage lines directly to the distributing stations and 
substations, and recourse has been made to underground 
cable lines of 33,000 45,000 and 66,000 volts connecting 
to the higher voltage overhead lines through trans- 
formers located at substations on the outskirts of the 
city. One of the principal aims of the design of the 
new type of cable, which by one step doubles the highest 
underground operating voltage used heretofore, is to 
do away with the seoutside intermediate substations 
by bringing the higher voltages directly to the ultimate 
distributing centers. The economic and operating 
advantages thereby obtainable are savings of inter- 
mediate substations, transformers, switchgear nda 
attendance, reduction in number of underground cables, 
savings in synchronous condensers, increased efficiency, 
improved regulation and improved stability of parallel 
operation of local plants with the outside sources of 
power. The final relative values of these savings will 
not be available until we have secured from actual 
experience the relative carrying. capacity of the oil- 
filled cables in contrast with the ordinary type of cables 
with solid insulation. 


The theory of the oil-filled cable is that through its 
collapsible oil reservoirs it responds readily to volu- 


1. The New York Edison Company. 

Presented at the Regional Meeting of District No. 5 of the 
A. I. E. E., Chicago, Ill., November 28-30, 1927. Complete copies 
upon request. 


dielectric of occluded gas and the method of eliminating trouble 
from this source in the oil filled type is described. 

The third part relates to the manufacture, inspection and testing 
of the cable and equipment. The tests showed that the electrical 
constants of the cable were substantially unchanged by the normal 
temperature cycle. 

The installations at New York and Chicago are described $n the 
fourth part. Inspection, indication of oil leaks, cable and joint 
repairs are discussed. The replacement of a length of the New York 
cable, which developed a leak in the sheath, is covered in detail. 


* $ $ + * 


metric changes in oil and cable due to temperature 
changes. In this manner, the whole cable is kept con- 
stantly filled with oil under pressure both in the hollow 
core of the conductor and throughout the surrounding 
insulation. The unique advantage of this type of 
construction, therefore, is that should the lead sheath be 
expanded or distorted, or the internal elements of the 
cable be displaced by temperature variation or other 
causes, the spaces thus formed will be immediately 
filled with oil, while in a solid insulation type voids 
would be formed, causing ionization and ultimate 
failure. It is thus evident that this new type of cable 
should be able to operate safely over a much larger 
range of copper temperature and therefore of load, than 
a solid insulation type, even if the latter is operated 
only at 66,000 volts or less. In this expectation we are 
confirmed by the original installation of this type of 
cable made in Italy three years ago, which consisted 
of about 2000 ft. of line connected in series with a 
130,000-volt overhead transmission line more than 100 
mi. long. This cable, which was 50 sq. mm.; about 
100,000 cir. mils, in cross-section, has never given the 
slightest trouble though carrying currents of 250 
amperes per phase, a current density which would be 
absolutely impossible with the solid type of cable even 
if operated at 25,000 volts or less. 

The Chicago 132,000-volt underground cable line is 
a direct application of the plan of connecting a generat- 
ing plant in the city to an outside 132,000-volt line six 
miles away. 

The New York 132,000-volt cable is, for the time 
being, a large-capacity, 12-mi. length transmission 
line supplying the large county of Westchester in the 
state of New York, but it will, in future, serve also to 
interconnect with outside sources of power supply. 

The Chicago and New York installations were placed 
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in operation, respectively, on June 2nd and August 9th, 
of this year, and have since operated without electrical 
trouble. 

The manufacturers feel that should these two 132,000- 
volt cable lines continue to prove satisfactory in opera- 
tion, 220,000-volt cable can be constructed without 
material changes in the design of cable, joints and 
accessories. 

The next year’s experience of the large New York 
and Chicago installations appears now almost certain 
to prove satisfactory, in which event this great advance- 
ment in the art will have made available to the in- 
dustry, confronted with unprecedented volume of 
growth in its demand for power, means not heretofore 
avallable for transmitting hundreds of thousands of 
kilowatts economically and directly to and from centers 
of heavy population and outside supervoltage overhead 
lines. 

In the following chapters, the manufacturers and the 
users are presenting a complete description of all the 
phases of work involved in the design, manufacture and 
installation of this radically novel type of cable. 


Theory, Design, and Development of the 
132,000-Volt Cable 


By L. EMANUELI?* 


Non-member 

General. It is well known and recognized that one 
of the principal reasons of failure in high-tension 
cables is the presence of gas bubbles and films in the 
dielectric, some of these gas occlusions being left in 
the insulation during the construction of the cable and 
some being formed later during the operation of the 
line. 

This is due to many facts. First, the vacuum applied 
to the cable before impregnating it with insulating 
compound is not generally perfect. Second, the 
insulating compound carries in solution a great volume 
of gas, part of which is set free while the compound is 
passing through the payer during impregnation. Third 
when the lead sheath is applied to the cable, the cable 
is still rather warm and the subsequent thermic con- 
traction of the compound when the cable cools down 
causes further voids. Empty spaces are also created 
when the cable is coiled on the reels and during 
handling. 


When the cable is in operation, another important 
phenomenon takes place. The insulating compound is 


2. Societa Italiana Pirelli. 

*Acknowledgment and thanks are made here to Dr. E. Sac- 
chetto who has given his assistance in the first experiments on the 
oil filled cable and in the installation of the Brugherio cable, 
Mr. E. Sesini who has assisted in the theoretical design of the 
cable and accessories and Mr. M. Puritz who, with Mr. Sesini, 
has directed all the delicate operations of installation and 
impregnation of both the New York and Chicago lines. Acknowl- 
edgment is also made of the valuable assistance and cooperation 
rendered by the engineers of the General Electrice Company and 
of the New York and Chicago Companies during all these latter 
operations. 
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warmed up and increases in volume when the cable is 
loaded and this first compresses the gas in the dielectric 
and then expands the lead sheath. As the lead is more 
viscous than elastic, after a subsequent cooling the total 
amount of void space within the dielectric is greater 
than before installation by an amount proportional 
to the load carried. 

For example, in a 66,000-volt cable the contraction 
which follows an increase of temperature in the copper 
of 35 deg. cent. causes a volume of seven gal: per mi., 
(16 liters per km.), to be emptied of compound. 

The pressure which may take place in a cable when 
loaded and which forces out the lead tube has been 
found by actual measurement to be in the neighborhood 
of 90 Ib. per sq. in. 

Seasonal temperature variations produce the same 
effects. | 

Where is it that these empty spaces are formed? 
In a general way, we can assume that they are produced 
at the points where the paper is less compact in the 
wrinkles in the space betwe: n the leid and the insula- 
tion, especially where the lead is expanded due to bends 
or handling and, for three-conductor cables, in the 
spaces between the insulated conductors and the fillers. 

This may be explained when one thinks that the 
surface tension of the compound has a tendency to fill 
up first the smaller cavities, thus leaving empty the 
larger ones. 

In addition to this, the compound has a tendency to 
migrate to the lowest points of the cable and this mi- 
gration is greater the lower the viscosity of the com- 
pound. 

This irregularity in the distribution of the gas cavities 
is one of the principal causes of the many uncertainties 
in the results obtained in the laboratory and during 
operation, and makes it impossible to fix an exact 
figure for the permissible value of the ionization as a 
function of the working voltage. 

The failure of all the previous attempts made to 
explain theoretically the breakdown voltage on a 
sample of cable, in connection with the electric gradient 
in the insulation, can probably be attributed to the 
presence of gas occlusions and to their irregular distribu- 
tions, and perhaps the theory which gives the break- 
down voltage as a function of the minimum gradient and 
not of the maximum, is not to be completely discarded, 
the minimum gradient being near the lead where the 
empty spaces, at least for a single-conductor cable, 
have a greater tendency to be formed. 

If the empty spaces due to the thermic contraction of 
the compound were formed uniformly in the insulation, 
in small units, the troubles produced by their ioniza- 
tion would be very small. A step toward this point 
has been gained by the cable manufacturers by 
wrapping the paper on the conductors as uniformly 
as possible, and avoiding wrinkles and registration of 
the layers. 

It is also evident that the greater the thickness of the 
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insulation, the smaller is the possibility of avoiding 
such empty spaces during construction. In addition 
to this, if the contraction of the insulating compound 
should be such as to distribute uniformly and in small 
units the empty spaces which are formed, then the 
quality of a dielectric would be independent of its 
thickness; but, due to their localized formation as a 
consequence of capillarity and drainage, the probability 
of leaving the big empty spaces is greater the greater 
the volume of the dielectric, and accordingly of the 
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amount of oil subject to volumetric change. We can 
assume, therefore, that an increase in the insulation 
thickness does not produce a corresponding improve- 
ment in operating performance; and the cable manu- 
facturers know this very well. 

All these difficulties and uncertainties would not have 
allowed the design of a 132,000-volt cable of the usual 
type with any probability of success and the results 
which may have been obtained in the laboratory and 
in the field on short lengths of cable would have been 
practically worthless due to variations in the distri- 
bution of the gas occlusions. 


It must also be considered that the experience gained 
on a large scale on existing cables is limited to a voltage 
which is only about one-half of 132,000 volts. It was 
with the idea of avoiding all these uncertainties, elimi- 
nating gas occlusions, as much as possible and especially 
the ones which are formed by temperature variations, 
that the design and construction of the oil-filled type 
of cable was carried out. 

The principle is very simple and consists in having the 
cable connected to a reservoir which will receive the 
oil pushed out during the thermic expansion and give 
it back to the cable during the contraction. To obtain 
this action, it is necessary to have inside the cable a 
passage which connects the reservoir with every point 
of the dielectric. This feature can be obtained readily 
by stranding the copper wires of the conductor around a 
metal spiral, thus leaving a single central passage, see 
Fig. 1, or by shaping the lead sheath as shown in Fig. 2, 
thus making several longitudinal paths which can be 
connected to the reservoir. This eliminates the dan- 
ger of formation of empty spaces due to the con- 
traction of the oil. 

The presence of a longitudinal path makes possible 
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the evacuation and impregnation of the.cable from 
both ends after it has been leaded. On account of its 
small volume, laboratory pumps can be used and a 
very high vacuum reached. In addition to this, a 
special process has been worked out to purify the oil 
from the gases in solution, before impregnating the 
paper. o 

In this way it is possible to obtain a cable practically 
without any occluded gas from the start and also to 
maintain it in such condition during operation. 

An experiment on a cable of the type given in Fig. 1 
was made early in 1918 and the results were quite 
surprising. The life tests gave results far better than 
those on usual cables and it appeared immediately 
that the importance of a perfect construction of the 
cable as regards wrinkles and compactness of the 
paper, could be regarded as secondary. 

It is important to remember that in a cable made in 
the usual way, the breakdown voltage is very high if 
the voltage is increased quickly and does not give no 
light on the punctures which happen in operation at a 
voltage generally equal to, or slightly higher than, the 
operating voltage. If the tension is applied for several 
hours, the breakdown voltage is considerably smaller, 
and the longer the time of the test, the lower the 
breakdown voltage. It is not difficult, for instance, 
to get a breakdown voltage on a short sample, after a 
few seconds, which is five times greater than that 
found after several hours of application of voltage. 

In the oil-filled cable these differences were found to 
be much smaller, and as the instantaneous breakdown 
voltage is equal to, if not greater than, that on usual 
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cables, the breakdown voltage after several hours is 
more than doubled. This permits increasing the 
operating gradient of the cable and the use of only a 
small thickness of insulation. 


Another advantage over other cables of the usual 
type is to have much smaller dielectric losses at high 
temperatures because it is possible to use a very fluid 
oil with very small power factor, as the danger of mi- 
gration of the compound is avoided. 

For several reasons a field test of this new type of 
cable was not made on a large scale until the end of 1923 
when a line of three cables of 100,000-cir. mil (50 sq. 
mm.) copper area, 670-mil (17-mm.) insulation, each 
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2000 ft. (610 m.) long, with six joints, was installed at 
Brugherio near Milan, Italy, connected to an overhead 
line about 100 mi. (160 km.) long. In the beginning 
the cables did not carry load, but in 1924 they were put 
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in series with the line and a load up to 250 amperes 
per phase was carried without any trouble for two and 
one-half years. 


The electrical problem of the construction. of a cable 
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for 132,000 volts was in this way solved quite satis- 
factorily but several mechanieal problems, especially 
complicated for lines of long length and with large 
differences of level, remained to be studied. 


The theoretical and practical problems which had to 
be solved before the liquid oil filled cable could be made 
a practical success are discussed in detail in the complete 
paper but must be omitted here because of lack of space, 
which permits only a brief description of the cable itself 
and the principal accessories. 


Cable Design. The cable installed in New York and 
Chicago is shown in Fig. 3. The conductor of 600,000- 
cir. mil section is made up of two layers of copper wires, 
stranded over a spiral of hard drawn copper tape, 
leaving a clear diameter inside the spiral, of 34 in. The 
insulation thickness is 23/32 in., made up of wood pulp 
paper in three different gradations, depending upon the 


porosity. A mineral oil a little more viscous than that | 


SYMPOSIUM ON 132,000-VOLT SINGLE-CONDUCTOR, LEAD COVERED CABLE 


121 


used in transformers is used for impregnating the cable. 

Description of the Special Accessories: Feeding Tanks. 
The principal requisites of the oil tanks are that the 
oil inside should always be practically at atmospheric 
pressure, independent of the volume of oil present 
in the tank, and that it should be in no way in contact 
with the surrounding air. 

The problem has been solved using collapsible 
reservoirs made up with thin metal walls, which are 
easily deformable. In such a way the oil is not in 
contact with the air and yet acts with regard to the 
pressure as if it were contained in an open reservoir. 

Fig. 4 gives the drawing of a feeding tank. 

Seven separate cells, each with collapsible walls, 1, 
are connected in parallel to a common manifold, 2. 
Each cell is made up from a ring, 3, on which two 
corrugated diaphragms, 1, are soldered and kept in 
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place by a ring, 4. The corrugation allows the plates 
to move under expansion or contraction. 

Two standard types of tanks were adopted, one with 
seven cells, as given in Fig. 4, called S-7, and one with 
11 cells called S-11. ! 

Each cable of a section was fed by two or more 
of these tanks, paralleled by means of valves and 
manifolds. 


Pressure Tanks. As before stated, the characteristic 
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of this type of tank, Fig. 5, is to have a certain number 
of collapsible air-tight cells, 3, full of gas, separated 
by heavy plates, 5, contained in the tank, 2, which is 
filled up with oil. The outside tank, 1, is able to 
withstand the maximum pressures given by the oil 
of the section during expansion. 

Each cell is perfectly tight and is filled with an inert 
gas, 6, especially selected for the purpose. 

Stop-Joints. As has been explained in the design of 
the cable, each section is connected electrically to the 
next one by means of a special joint ealled a stop-joint, 
which cuts the oil communication between them. (See 
Fig. 6). The stop-joint consists essentially of a cylin- 
drical tank, 1, full of oil, 2, which contains two inserted 
procelain terminals, 3, in a V arrangement. 

The end cables of each section terminate in these 
potheads, which are electrically connected at the lower 
part. As for the pressure tanks, the outer tank is of 


Fig. 6—SToP-JoiNT 


suitable thickness and has a lining, 5, hermetically 
sealed to the upper cover, 6. The terminal’s insulators 
are cemented at the upper end to the cover and are 
provided at the lower part with two cemented metal 
caps, ?; the tightness of the seams is guaranteed by 
composition cork gaskets. 

The two caps are electrically connected by a flexible 
connection, 4, and carry on the inside a set of brushes, 8, 


SYMPOSIUM ON 132,000-VOLT SINGLE-CONDUCTOR, LEAD COVERED CABLE 


Journal À. I. E. E. 


for the contact with the connector, 9, which is soldered 
at the end of the cables. The two lower caps and the 
connection, 4, are screened by a metal box, 11, so as to 
have a good distribution of the electric field; for the 
same reason the insulators are provided at the upper 
end with electrostatic controls, 12. The metal screen, 
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11, 1s reinforced electrically with paper wrappings, 18, 
and the discharge path to the case is protected by in- 
sulating barriers, 19. The two end cables, after being 
reinforced in the field with paper wrappings, 10, and 
provided with electrostatic controls, 13, are slipped 
inside the insulators so that their connector, 9, is 
wedged between the brushes, 8, and the lead sheath of 
the cable is soldered to the cover by means of metal 
sleeves, 14. Asa matter of fact, the stop-joint tank is 
raised from a pit in the manhole up to its final position 
so that the cables slip inside the insulators. The only 
wipes to be made in the field are those at 75. The 
oil is fed to the cables through a pipe, 16, which is con- 
nected to the reservoirs at the feeding end of the section. 

The oil chamber, 2, inside the stop-joint, is connected 
in the field through the pipe, 17, to the terminal at the 
higher pressure, each terminal being at the pressure 
given by the height of the reservoir of the section to 
which it is connected. In this way, the oil in the tank 
is always at the same or at a higher pressure than the 
oil inside each of the insulators and the porcelain is 
subjected only to compression. 


Terminals. Each manufacturer supplied the ter- 
minals to be used on his own cable. The general con- 
struction of each of the two types is shown in Figs. 7 
and 8. 
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Manufacture, Inspection and Testing of 
the 132,000-Volt Cable 


By WALLACE S. CLARK? 
Associate, A. I. E. E. 


There are certain novel features in the manufacture 
of the cable which are, we hope, of sufficient general 
interest to warrant their introduction here. 


In order to secure a central passageway through the 
conductor, a spiral of hard-drawn copper strip was 
formed and the wires composing the conductor proper 
were stranded around this. Special machinery was 
installed to make this spiral and special precautions 
had to be taken in stranding the individual wires around 
it, the inner layer of wires being dented to give free 
circulation of oil. 

The wood pulp paper used in forming the insulation 
wall was of three different thicknesses and varied in 
density, the thinnest and densest paper being put 
next to the conductor where the electrical strains are 
greatest; then the intermediate paper, and on the out- 
side, the least dense and thickest paper. 

After the core was completed, a radical departure 
from ordinary practise occurred. The insulated core 
had the first lead sheath applied, was wound ona reel 
and heated by immersing it in a steam bath. The ends 
of the cable were sealed and insulated leads were 
brought out through these seals. 

The exhaustion of the heated cable core with vacuum 
pumps was the next step. 

Measurements of the power factor of the cable and 
the insulation resistance between the conductor and the 
lead sheath during the evacuation were taken periodi- 
cally. The particularly interesting point in this process 
is that if the lead sheath has any imperfections in 
it, moisture (steam) will naturally be sucked in through 
these imperfections, and the electrical measurements 
made will indicate that this is happening. This makes 
it improbable that there should be undetected faults 
such as porous spots or pin-holes in the lead. 


When the desired electrical measurements were 
obtained. oil, which previously had been given a 
special treatment for purification and for the removal 
of all absorbed gases,—(ordinary transformer oil will 
absorb from 15 to 20 per cent of its own volume of 
air.,—was admitted to the central core very slowly, 
saturating the paper wall. 

The cable was finally cooled down under oil pressure 
and when room temperature was reached, it was taken 
from the tank and was ready to test. 

After testing, the ends were hermetically sealed and 
the cable was ready to receive its armor and outer 
jacket of lead. 

The armoring consisted of wrapping the inner lead 
sheath with treated paper tape; next with a thin hard- 
drawn copper tape; then a second paper tape. The 
cable was then taken back to the lead press and leaded 
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all over, and after removal of the oil, made ready for 
shipment on especially large bodied reels. 

Tests. 'The specified tests were similar to those of 
the A. E. I. C. Specifications, and the principal ones 
were as follows: 

a. Each reel of cable had to stand 175,000 volts, 
alternating current, for 15 min. between conductor and 
sheath. 

b. Samples maintained at 0 deg. cent., freezing for 
two hours, were bent three cycles to 180 deg. around a 
drum having a diameter 15 times the diameter of the 
eable, and then withstood 225,000 volts, alternating 
current, for five minutes. 

c. One full reel of cable from each 15,000-ft. lot was 
tested with 140,000 volts, alternating current, for eight 
hours. 

d. The original specifications called for a test after 
installation of 140,000 volts,‘alternating current, for 15 
min. between conductor and sheath. As it was im- 
practical to secure transformers for this, special 
kenotron testing sets were provided in New York and 
Chicago, and the cable successfully tested with 300,000 
volts, direct current, for 15 min. 

The maximum power factor on any one section of 
cable at room temperature did not exceed 14 of 1 per 
cent, and the power factor at 65 deg. cent., maximum 
operating temperature, did not exceed 0.65 per cent. 
The difference in power factors, ionization, when 
measured at stresses of 20,000 and 95,000 volts, 28 and 
132 volts per mil, respectively, did not exceed 0.2 per 
cent. The average figures were very much better than 
these. 


In connection with the ultimate breakdown tests, 
which were performed on these samples after they had 
passed all the required voltage tests, it is interesting to 
note that comparing the breakdown tests with those 
made on General Electric cables of standard type 
without oil duets and intended for maximum work- 
ing pressure of 75,000 volts, and having only 1/64-in. 
thicker insulation, the short time breakdown voltages 
were about the same; but with long time tests at lower 
voltages, the oil filled cable far out-distanced the 
ordinary type. 

Special Tests. Samples of cable were run 24 hr. at 
225,000 volts, alternating current, without breakdown 
or injury. This was three times the working stress. 


The five-min. breakdown on samples was about 
400,000 and the one-hr. breakdown about 300,000 volts, 
alternating current. 


One special test at Milan ran 30 hr. at 200,000 volts, 
after which the potential was raised to 260,000 volts, 
alternating current, and held for 20 hr. without failure. 


A very interesting feature shown by the special tests 
was that a length of cable could be tested and the 
constants determined; then, after a heating and cooling 
cycle, be remeasured substantially without change in 
the results. This is one of the best guarantees of 
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minimum electrical deterioration which can be deter- 
mined by test. 

Duplication of manufacturing processes at Schenec- 
tady and Milan was secured through the freely offered 
assistance of the Pirelli engineers and the constant 
interchange of manufacturing data. 

The general results at Milan and Schenectady showed 
good agreement, even though some of the Milan tests 
were made at 42 cycles instead of 60 cycles, and all 
tests exceeded the specifications by a large margin. 


Installation of the 132,000-Volt Cable 
By A. H. KEHOE,’ C. H. SHAW,’ J. B. NOE,’ and 
Fellow, A. I. E. E. Associate, A. I. E. E. Associate, A. I. E. E. 


D. W. ROPER.’ 


Fellow, A. I. E. E. 

Location and Description of Route. In New York, 
the cable runs from the Hell Gate Generating Station of 
The Edison-United Companies, northward through the 
Borough of Bronx and up to the Dunwoodie Distribut- 
ing Station, in the City of Yonkers, Westchester 
County, a total distance of about 12 mi. The feeder will 
be used to supply the rapidly growing area of Westches- 
ter County immediately north of New York City, 
having in mind also the possibility of its use in the 
future as a link in the supply of water power from the 
St. Lawrence district directly into the metropolitan 
area of New York. 

In Chicago, the 132,000-volt feeder runs from the 
Northwest Generating Station of the Commonwealth 
Edison Company northward to the city line, a distance 
of about six miles where it is connected to 30 miles of 
overhead line, continuing northward to the Waukegan 
Station of the Public Service Company of Northern 
Illinois. The line thus serves as a tie between gener- 
ating stations, and transmits power in either direction, 
as may be required. As may be seen from the line 
profiles in Fig. 9, there is a difference in level of 285 ft. 
between the high and low points in New York, com- 
pared with 27 ft. in Chicago, excluding the river 
crossing. This difference in topography and grades 
made necessary radical differences in sectionalizing 
the line and the location and operation of the tanks 
supplying oil to the cable. 

In New York, the southerly half of the feeder cable 
was Pirelli make; the northerly half, General Electric. 
In Chicago, the cable for two phases was supplied by 
the General Electric Company, and that for the third, 
by Pirelli. 

Conduit and Manhole Construction. In both New 
York and Chicago standard methods of duct construc- 
tion were used. The manholes, however, were made 
about 50 per cent larger to accommodate the larger 
joints and to give space for training the cables on large 
radius bends. 

Towers. In order that sufficient hydrostatic pressure 
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might be maintained on the oil inside the cable, it was 
necessary that the feeding reservoirs be elevated above 
the section of the line being fed. In Chicago, where the 
ground contour was practically flat, this result was 
secured by placing the oil reservoirs in towers located 
at the ends of the line and at two intermediate points. 
In New York, it was possible by taking advantage of 
the hills to obtain sufficient pressure with the reser- 
voirs located in manholes, except at the two terminals 
of the line. 

Oil from the feeding and pressure tanks is fed into 
the central core of the cable through lead pipes con- 
nected into the stop joints. 

Cable Splices. While the manufacture of the cable 
at Milan and at Schenectady was practically identical, 
the standard joints were radically different, each 
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manufacturer supplying the jointing material 'to be 
used in splicing his own cable. 

The connectors for joining the hollow core cable 
and continuing the passageway for oil in the center 
of the cable through the joint are similar in the Pirelli 
and General Electric joints. In the center the connec- 
tors have a transverse hole closed by a screw so that 
any joint, before it is insulated, can be arranged to 
communicate directly with the oil passage in the center 
of the cable. 

Pirelli Type. The chief characteristic of the Pirelli 
joint is that the insulating material in the joint is paper 
which has been previously dried and prepared in the 
factory. This paper is not impregnated, but is suface- 
treated to reduce the absorption of moisture which 
might be collected during the process of jointing. 

Another distinct feature is that the original insulation 
of the cable, after it has been properly penciled, is 
covered with a thin oil silk tape to reduce seepage of 
oll between the joint insulation applied in the manhole 
and the original insulation in the cable proper, the 


Feb. 1928 


object being toevacuateand impregnate theinsulation of 
the completed jointindependently of the cableinsulation. 
The treated paper tape is applied by means of a 
special taping machine. 
[*After the joint has been made up, the lead sleeve 
applied and the cable impregnated, the joint is heated 
by an electric heating pad, vacuum applied until all mosit- 
ure is removed, after which oil is admitted to the joint. 

General Electric Type. The General Electric joint 
is their well-known “stepped joint" type, the material 
of the insulation being a high-grade varnished cambric, 
hand applied. A copper sleeve is used, made up in 
two parts, telescoping in the middle. After the cable 
has been impregnated, the joint is evacuated, and filled 
with oil, no heating being required. 

Cable Evacuation and Impregnation. The cable was 
impregnated one section at a time, the first step being 
to evacuate and fill the reservoirs with oil, after which 
the cable was put under vacuum by means of vacuum 
pumps connected at each provisional and stop-joint on 
the section. This evacuation was maintained for 
approximately 12 hr. for drawing out any gas or surplus 
oil in the core of the cable. 

As shown on the profiles, there were many high and 
low points along a section of line; and slugs of oil were 
formed at the low points, while gas would collect at the 
higher points. A suitable test was made at the be- 
ginning of evacuation to determine the height of these 
slugs opposing vacuum between adjacent provisional 
joints. The maximum and average heights for the 
slugs were, respectively, 10 and 3 ft. This “slug” 
test served also as a check on the continuity of the cable 
core and connections and permitted a prompt discovery 
of leaks or stoppages. 


After the initial 12-hour evacuation period, tests 
were made to determine if slugs of oil still existed in 
the low points of the line which would interfere with 
obtaining a satisfactory vacuum at all points of the 
section. After these tests proved satisfactory, the 
line was evacuated for approximately 36 hr. If a 
good vacuum was then maintained and no leaks oc- 
curred, treated oil was admitted to the line. 


At the beginning of the impregnation of a section, 
oil was admitted to only one phase, the second phase 
being connected when the first was about one-third 
filled, from 8 to 24 hr. later, depending upon the flow 
of the oil and the contour of the section. The third 
phase was connected when the second was about one- 
third filled. Upon the arrival of the oil at each 
provisional joint, it was first drained off into test 
bottles for testing and then the oil was allowed to flow 
into the impregnating bottle until the flow reached a 
satisfactory value. After the pressure of the oil had 
become greater than atmospheric, the apparatus was 
disconnected and the joint closed. 


OPERATION 
There have been no electrical troubles from the time 
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the cables were put into operation, June 2 for Chicago 
and August 9 for New York, to the time of writing, 
October 20; but there have been oil leaks which re- 
quired repairs in stop-joint, gasket of pothead, joint 
wipes, pressure tanks, and lead jacket of cable section. 
In all cases, it has been possible to maintain the line in 
service until convenient to take it off for repairs. 


The maximum load on the lines has been about 45,000 
kv-a. The manufacturer's guarantee included a maxi- 
mum allowable copper temperature of 65 deg. cent., a 
maximum power factor at that temperature of 1.25 
per cent and a carrying capacity of 91,000 kv-a. The 
insulation of the cable as delivered, however, had a 
power factor of 0.5 per cent which permits an increase in 
the rating under identical field conditions to 98,000 kv-a. 


The charging current of the underground line is 
2400 kv-a. per mi., or about 25 times the value for a 
300,000-cir. mil overhead line of the same voltage. 
The underground installation in Chicago is equivalent to 
a synchronous condenser of about 14,000-kv-a. capacity 
and the corresponding figure for New Yorkis 28,000 kv-a. 


Inspection and Signaling. Special equipment, proces- 
ses, and plans are being worked out and special crews of 
men have been selected and trained to locate and repair 
any failures that may occur. Regular routine inspec- 
tion is being made of the feeding reservoirs and of all 
manholes and the quantity of oil in the feeding reser- 
voirs and water conditions noted and recorded and any 
unusual conditions reported at once. 


The lines are provided with the usual automatic 
switches to open in case of failure and additional 
devices will be provided to indicate oil leaks as the 
life of the cable is brief, if it is not entirely filled with oil. 


REPAIRS 


Experience has shown that a leaky wipe on a joint in 
a manhole can be repaired in about 2 hr. by draining 
the oil out of the joint so as to remove the internal 
pressure. A stop-joint was replaced in about 15 hr. 
and a section of cable in 214 days. It is thought 
that a failure in a joint which does not involve replace- 
ment of cable can be made in approximately 36 to 48 
hrs. Ifthe trouble or the replacement of the length of 
cable involves the entrance of a large amount of air 
into the cable, then it may be necessary to repeat the 
original process of evacuation and impregnation, re- 
quiring considerably greater time. 

The time for all of these operations, however, will 
vary, depending on the location of the trouble and the 
profile of the section. 


Conclusion. From the foregoing details it may be 
seen that many vital features employed in the manu- 
facture, installation and impregnation of this type of 
cable will also impart a new direction to the attain- 
ment of better and more reliable cables of the ordinary 
type. The indications are that this cable marks a new 
epoch in cable engineering. 


A Two-Range Vacuum Tube Voltmeter 


BY C. M. JANSKY, Jr.* 


Associate, A. I. E. E. 


Synopsis.— The design, uses, and limitations of a new circuit 
employing the three-element vacuum tube as a voltmeter are discussed. 


T'wo overlapping ranges of voltage, together with a single operating . 


HE need for a convenient means of measuring small 
alternating voltages has long been felt in the com- 
munication engineering field. The usual type of 

electromagnetic voltmeter is inadequate for two reasons: 
(1) Comparatively large current is required to operate 
it, and (2) its calibration is greatly affected by fre- 
quency. Both of these defects are more or less in- 
herent and can probably never be materially reduced. 
The electrostatic voltmeter, while possessing neither of 
these defects, has others. Its sensitivity is exceedingly 
low, requiring the use of an optical system for voltages 
less than about 25 volts, and its adjustment is very 
difficult. 

The versatile vacuum tube, however, possesses 
certain characteristies which make it applicable to the 
measurement of alternating voltages. 

Various types of vacuum tube voltmetersare possible. 
One type uses a variable grid bias voltage which is 
made to balance out the plate current resulting when 
an alternating voltage is applied to the grid. "This type 
measures peak voltages. Other types rely upon detec- 
tor action of the tube. The voltmeter circuit described 
in this paper uses the grid bias method of detection; 
this is sometimes also called plate circuit detection. 

Fig. 1 shows in schematic form the circuit which will 
be discussed. In order to obtain a wider range of volt- 
age and still prevent grid current from flowing, two sets 
of plate and grid bias voltages are provided for. To 
obtain a means of rigidly fixing both of these voltages, 
they are taken as resistance drops in the filament 
- circuit. The use of a UX-199 tube, requiring but 60 
milliamperes for the filament, makes it possible to 
supply all power to the circuit from 45-volt, “B” 
batteries. Best results are obtained when two large- 
sized, 45-volt units are used in parallel. One set of 
resistances is used for the low-voltage range, the other 
for the higher range. When the higher range is in 
use, the grid is biased beyond the point where plate 
current normally disappears. For a fixed battery 
voltage, there exists an optimum proportion of voltages 
to give both the best, greatest sensitivity and the 
maximum range. 

Since the resistance in the plate circuit is low (of 
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battery, are the unique features. 


elimination of that effect are treated. 
* * * * * 


The effect of wave-Jorm and the 


the order of several hundred ohms), the plate current 
may be considered as vanishing at a bias voltage equal 
to the plate voltage divided by y. 


Let 
— available battery voltage, 


supplied plate voltage (high range) which equals 
the voltage between plate and filament for 
high range, 

supplied plate voltage (low range) which equals 
the voltage between plate and filament for 
low range, 


absolute value of grid bias voltage used with 
high range, 


absolute value of grid bias voltage for low range, 
optimum value, 


E, 


€, 


& 
l 


€. 


Alternating 
Voltage 


Rp 
Microammeter 


(1-K)ATp 
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V = maximum peak voltage which can be measured 
on high range weno grid current flowing, 
(V = E) 

v = maximum peak voltage which can be measured 
on low range without grid current flowing, 


a = voltage which when added to e, would reduce the 
plate current to zero; see Fig. 2. 
Then,. 
€ ; a 
e, = “a — a (a 1s positive) (1) 
For the high range, 
E, 
E,~ — Sov 2 
ü (2) 


in order to provide continuity between the two ranges. 
Also, for the high range, 


E= E-E. (3) 
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Putting E, = V into (3) and combining with (2), 


E—V 
y — = 4 
E v (4) 
For the low range, 
e —E—b-—e, (5) 


where b is the auxiliary balancing voltage used in the 
low range to balance out the normal plate current, 
I,, and which was available in the high range for 
plate and bias voltage. Putting e. = v into (5) and 
combining with (1), 


E—b—v 


p-— 


(6) 


Fic. 2—Tue DouBLE-RaANGE DESIGN 
ey = plate battery voltage 
= plate filament voltage 
e, = operating bias 
p = voltage amplification factor of tube 


Eliminating v between (6) and (4) gives 


E TE a A LL Lp 

A Me) Capea usd 

This equation expresses the maximum peak voltage 

measurable in a continuous two-range design, in terms 

of available battery voltage, voltage amplification 
factor and two design constahts, a and b. 

The constant a is determined by trial and was found 
to be of the order of one volt for several 199 tubes. 
Its value is not critical. The constant b is quite 
arbitrary, if R, is adjustable for different tubes having 
different values of I,, being equal to J,,R,. For 
R, = 50,000 ohms, b proved to be about three volts for 
one tube and five volts for another, using a 45-volt 
“B” battery as the source of voltage. 


(7) 
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Using the guid ng equations derived above, the volt- 
ages, E, E's, €c €, were selected and the resistances 
shown in Fig. 1 were obtained on the basis of 60- 
microampere filament current. Thus, E, is determined 
by Equation (7), E, by (3), e. and e, by (4) and (5), 
respectively. These values are not critical. A fila- 
ment rheostat of 30 ohms was used so the maximum 
drop would be greater than 1.5 volts, permitting the 


Fic. 3—WiRING DIAGRAM OF ASSEMBLED VOLTMETER 


e; = 4.5 volts 
ey = 33 volts 
E, = 10.5 volts 
Ey = 30 volts 


use of dry cells to compensate for drop in B-battery 
voltage. The resistance r’ was variable but could be 
rigidly set for a particular tube. It was found necessary 
to use a variable 100-ohm rheostat to accommodate the 
three tubes tested. "There s a considerable difference 
between the normal plate currents for different tubes. 


Fra. 4—CaBINET, MICROAMMETER AND CONDENSER 

In fact, in the tube used in obtaining the data for this 
paper, a current of nearly two microamperes flows at 
the high bias, whereas in the other tubes tested, the 
plate current had entirely vanished at that bias. 

The final arrangement is shown schematically in 
Fig. 3. A telephone key is used to change from one 
range tothe other. A key is also provided to disconnect 
the voltmeter from the alternating voltage. This key 
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short-circuits the voltage terminals when the voltage 
is disconnected, in order to prevent the rise in plate 
current accompanying the free grid. The entire 
assembly of tube resistances and keys is mounted in a 
wooden case as shown in Fig. 4. Terminals are pro- 
vided for the battery and the microammeter. In the 
tests herein described, a Rawson-type 501 micro- 
ammeter having three ranges, 0-20, 0-200, 0-2000 
microamperes, was used. An expensive calibrated 
instrument is not necessary, however; any D’Arsonval 
galvanometer movement provided with a scale and 
giving a readable deflection on a few microamperes will 
prove satisfactory. A more sensitive meter is not 
desirable due to difficulty which will be experienced in 
maintaining the false zero. In fact, slight fluctuations 
in battery voltage as well as shocks applied to the 
tube are observable on the 0-20-microampere range. 
The resistances are of the porcelain, tube-wound type 
and are not especially non-inductive. In the experi- 
mental work a condenser was sometimes used across 
the plate-filament as is shown in dotted lines in Fig. 3. 
The tube is mounted in a shock-absorbing socket. 

Referring to Fig. 1, the application of Kirchoff’s 
Laws to the balancing circuit gives the following 
equation: 


Let 
I, = I, when Ix =O 
I,r' = IR, (8) 


When an alternating voltage is applied to the grid, 
a mean increase in plate current, AJ,, occurs. In 
flowing from the filament, this increase divides between 
the two filament terminals in the ratio K as shown in 


the figure. 
Thus, when I, = Ipe + A I, 
(I, + [1 — K] A] p- i) Re- (L +i) r 


— (KAI, +7) Ru = 0 (9) 
But 

KaI,+1=In (10) 
Combining (8), (9) and (10), 

poe R,-Kr' 


(11) 


Equation (11) shows that the calibration is not 
independent of meter resistance. The lowest range of 
the Rawson microammeter has a resistance of about 
1000 ohms which is not negligible compared with 
R, = 50,000 ohms. The variation between the resis- 
tance of meters of various manufacture but of similar 
range, however, is not sufficient to cause more than 
1 per cent error. Equation (11) gives the relative 
meter current in terms of the actual AJ,, K, and the 
resistances Re r' and Ru. It is to be recognized that 
changes in Ru as well as changes in filament rheostat 


(as made to compensate for falling battery voltage) 
theoretically change the actual mean increase by 
virtue of changing the plate circuit resistance. The 
value of K is also affected. No attempt has been made 
to obtain a mathematical statement of this; the effect 
is imperceptible. A further effect of varying the fila- 
ment rheostat is to cause a slight change in the voltage 
applied to the circuit through the A Z,. R; drop. This 
drop for the 30-ohm rheostat is negligible, also, being 
less than about 0.01 volt. 


2 Milliamperes 


R1 


Ri*Rg 5000 
To V. T. Vm. as above 
Thermocouple 


| Microammeter 


Fig. 5—CALIBRATION CIRCUIT 


Oscillator 


The following factors determine the usefulness of a 
tube voltmeter in communication measurements: 


1. Variation of calibration with frequency, 
. Input impedance, 

. Variation of calibration with wave-form, 
. Sensitivity, 

. Range, 

. Stability of calibration. 


Oo Qv i C2 PD 


0 04 08 12 16 20 04 08 12 16 20 
METER READING METER READING 


Fig. 6—SAMPLE CALIBRATION VacuuM TUBE VOLTMETER 


Low range 1000 cycles 
Low range zero = 0 on 0.02 shunt 


‘Information concerning ‘all of these factors has been 
obtained in the laboratory. 

Fig. 5 shows the circuit used to calibrate the tube 
voltmeter. This circuit was also used for much of the 
test work. Calibration curves for the model studied 
in the laboratory are shown in Figs. 6 and 7. In ad- 
dition to the fact that grid current reduces the input 
impedance, it biases the grid differently when flowing 
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through different resistances. Tests made using no 
grid bias verified this. The flow of grid current thus 
limits the range. 

In order to interpret some of the subsequent results 
more intelligently, the effect of wave-form will be 
treated now. A consideration of the manner in which 
the mean increase in plate current arises shows that, in 
general, wave-shape does affect calibration. For almost 
all of the:test work, the source of alternating current 
was a Western Electric 8-A oscillator comprising an 
oscillator, voltage amplifier, and power amplifier. 
Under load, the wave-form of the output current 
departs considerably from a sine-wave. 

For the purpose of studying the effect of wave-form, 
oscillograms were taken of the current wave at different 
loadings. A precision-type radio-frequency milliam- 
meter was used to maintain the current at a constant 
r.m. s. value of 20 microamperes for each load. The 
voltage drop to actuate the voltmeter was taken 
across a General Radio decade resistance box so that 
the voltage wave had substantially the same form as 
the current wave. 


0 04 08 12 
METER READING 


16 20 04 08 12 16 20 
METER READING 


Fie. 7—S AMPLE CALIBRATION Vacuum TUBE VOLTMETER 


High range 1000 cycles 
High range zero = 0.14 on 0.02 shunt 


Oscillogram (a) of Fig. 8showsthe wave-form with the 
oscillator loaded most heavily; (b) shows the wave-form 
under light load; and (c) shows the form improved 
slightly by means of a parallel “trap” circuit, tuned to 
400 cycles, the frequency used. The following table 
gives the results: 


TABLE I 
FREQUENCY = 400 CYCLES PER SEC. 


Cond. |Wave- 


à 


7.00 | 0.18 0.02 | 1.755 | 0.2 0 a 7.36 +4.90 
*7.00 | 0.18 0.02 | 1.252 | 0.2 0 a 6.73 |* —4.01 
7.00 | 0.18 0.02 | 1.433 | 0.2 0 b 6.97 —0.42 
*7.00| 0.18 0.02 | 1.388 | 0.2 0 b 6.90 |* —1.45 
7.00 | 0.18 0.02 | 1.460 | 0.2 0 c 7.00 0 
*7.00| 0.18 0.02 | 1.403 | 0.2 0 c 6.93 |*—1.01 
7.00 | 0.18 0.02 | 1.890 | 0.2 -2 a 7.40 +5.40 
7.00 | 0.18 0.02 T 0.2 2 b oie és 
7.00 | 0.18 0.02 | 1.518 | 0.2 2 c 6.96 —0.57 
0.70] O 0: 0.02 0 a 0.701 | +0.14 
0.70] O 0.02 0 b 0.700 0 
0.701 O 1.340 ! 0.02 0 c 0.700 0 


JANSKY AND FELDMAN: A TWO-RANGE VACUUM TUBE VOLTMETER 


129 


The per cent error in the above readings was referred 
to the reading with wave-form (c), designated by zero 
error for the reason that it coincided with the calibra- 
tion. It can be seen that while none of the wave-forms 
photographed is so distorted as to be considered un- 
suitable for most work, errors in measurement may 
result if tube voltmeters are used, unless precautions 
are taken to eliminate them. 


Fic. 8 


The curves given in Fig. 9 show that the calibration 
does not vary appreciably with frequency. For each 
set of curves, a constant voltage across a non-inductive 
resistance was obtained by the aid of a precision thermal 
millammeter. As would be expected, the use of a 
condenser connected between plate and filament 
prevents the slight falling off of the curves for higher 
frequencies due to the inductance in the plate circuit. 


10,000 100,000 


1000 
FREQUENCY, CYCLES 


Fig. 9—FREQUENCY CHARACTERISTIC OF Vacuum TUBE 
VOLTMETER 


A two-microfarad condenser gave just as satisfactory 
results as one of larger value. 

The input impedance of the tube voltmeter was 
measured with a shielded capacity bridge. The volt- 
meter was set up as for usual operation and the input 
impedance was obtained as a function of indicated plate 
current; see Fig. 10. The input capacity was found to 
be approximately 30 u wf. and the input conductance 
was found to be of the order of 0.004 micromhos. 


130 


The conductance increases rapidly as the grid approaches 
a positive potential. At 1000 cycles, the impedance is 
about five megohms. 

The above measurements show that the input im- 
pedance of the vacuum tube voltmeter is entirely 
satisfactory for use in most communication engineering 
measurements. The device can not be used to measure 
voltage across a condenser unless a conductive path 
exists between condenser plates, inasmuch as the volt- 
meter has no grid leak of its own. | 


Fic. 10—Scuematic DiaGRaAM OF IMPEDANCE BRIDGE 

Further notes on the method of calibration may be 
of interest. A frequency of 1000 cycles per sec. was 
used in the circuit shown in Fig. 5. The current was 
kept constant at two milliamperes and the load was 
kept fixed at 5000 ohms, non-inductive. The thermo- 
couple, which was of the heater coil type, was calibrated 
with two milliamperes direct current immediately 
before use. The wave-form from the oscillator was 
satisfactory as the oscillator was not overloaded. 
Reversal of oscillator terminals had but little effect. 
Calibration curves were obtained both with and without 
two microfarads between the plate and filament. 
Condenser curves should be used for all frequencies 
about 100 cycles; below 100, the no-condenser curves 
should be used. 

A re-calibration of the voltmeter described, made 
after about 40 hours of service, was found to coincide 
with the original calibration to within the limits of 
accuracy of the standardizing voltage. This is to be 
expected, as the method of adjusting for the false 
zero compensates for any change in emission. The 
change in filament current necessary to so compensate 
makes insignificant change in the operating voltages. 
As the tube nears the end of its life, however, its char- 
acteristics will change and compensation for the change 
in emission will not suffice, in general, to retain the 
calibration. 

Aside from the use of the vacuum-tube voltmeter 
as a calibrated instrument to measure voltages, there is 
a wide field of use in which the device may be used as an 
intermediary in measuring a ratio of voltages. An 
illustration is the comparison of two impedances. In 
Fig. 11 is shown the scheme for comparing a scalar 
impedance with a resistance. The voltmeter is first 
connected across Z, and the deflection noted, or the 
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oscillator output is adjusted to give a conveniently 
readable deflection; it is then transferred to the voltage 
divider which is adjusted to give the same deflection. 
Care must be taken, if the wave-form is unsymmetrical 
with respect to the axis, to impress the same side of the 
wave toward the grid. In comparing an impedance of 
high phase-angle with a resistance, error arises even 
then if the wave-form is bad; for the harmonics in the 
current wave contribute to the voltage in different 
degrees in the reactance and resistance. This is 
exemplified by the fact that the measured impedance is 
different for reversed oscillator terminals, using the 
correct voltmeter connections as shown in Fig. 11. 
Measurements comparing the impedance of a 100- 
millihenry inductance with that of a resistance showed 
a discrepancy of the order of 5 per cent upon reversing 
oscillator terminals. When an inductance was con- 
nected in series with the resistance and the impedance 
of the resistance reduced to the same value as that of the 
inductance, thus making the phase angles in the two 
impedances equal, this discrepancy disappeared. Excel- 
lent sensitivity was obtained. The error of measure- 


‘ment was less than 0.5 per cent. 


The tube voltmeter circuit under discussion cannot 
be used, without modification, except where the arith- 
metic mean of the voltage measured is zero. Measure- 
ments are frequently desired, however, of inductance or 
alternating voltage in iron core coils, transformers, etc., 
while carrying a polarizing or magnetizing current. 
One method of making such measurements is to employ 
the grid stopping condenser type of voltmeter. As 
pointed out by W. B. Medlam and U. A. Oschwald,* 
this type of voltmeter, however, has inherent objections 
such as enormous wave-form error, restricted range, and 
some frequency error. A preferable means of making 
the above measurements for transformers is to employ 
the plate detection voltmeter in a circuit showninFig. 12 


Voltage Divider 
x 
d. p.d.t. 
Oscillator Lr V.T. Vm. 
Zx 


Fig. 11—CoMPARISON OF IMPEDANCES Usina Vacuum TUBE 
VOLTMETER 


which was suggested to the authors by Mr. J. P. Barton, 
late of this laboratory, now of the Westinghouse 
Electric & Mfg. Co. By making r sufficiently low, 
of the order of a few hundred ohms, the current taken 
by the transformer can be reduced to a negligible 
amount; or, if not, corrections can be readily applied. 
Very satisfactory results have been obtained with this 
circuit in measuring voltage ratios of transformers, the 


manipulation being similar to the comparison of im- 


*Bibliography, 1. 
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pedances. Here, the wave-form error cannot well 
be eliminated by a choice of voltmeter connections, 
and the best solution is to employ a good wave-form 
which, of course, is desirable from all standpoints. 
ELIMINATION OF WAVE-FORM ERROR 

Writing I, as a function of E, alone, as can be done 
when the plate circuit impedance is very low and E, 
remains substantially constant, 


I p= f (E c) 
Voltage Divider 
|è 
Oscillator 
d.p.d.t. 
Co V.T. Vm. 


Fic. 12—CIRCUIT FOR MEASURING TRANSFORMER 
CHARACTERISTICS 


Let the steady current and voltage be I,, and E,,, 
respectively, and express the superposition of a varia- 
tion in E, as 

Ip 23 AI, = f (Ej, + ^ E) 
Expanding this by Taylor's theorem, 


: p 4b abe d, 
MecA4ET 2 'dE; 

AE, Èl, 

6 © dE; 


In general, this series would not greatly facilitate 
the study of the effect of wave-form where the varia- 
tions E, and 1, are wide, inasmuch as then the deriva- 
tives would vary over the range. In particular, 
however, if J, = A (K + E,)?, the second derivative is 
constant (= 2 A) and all higher order derivatives 
vanish. Under this condition, 


dI, AE? di, 
' d E, 2 dE, ` 


It now becomes possible to compare A I, for two unlike 
wave-forms A and B, 


AI, = AE, (1) 


A Eo, = “BE, sin wt (2) 
A Ec, = "Es, sin wt + "Es, sin (2 wt + ae) 

+ "Es, sin (3 wt+a:)+ ...+™Es, sin (n wt+a,) (3) 
Further, let 

ME, = v “Es, + “Es, + a oe + "Es, (4) 

to express equal r.m.s. values. Substituting (2) in 
(1) and integrating over a fundamental cycle to obtain 
the average change in plate current, A I,, 
1 di, 
2' dk; `’ 


1 2r 
Als, = p SCE. sin o tf d (w t) 
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as the periodicity of the first term causes it to vanish. 
Performing the integration, 


d? I, [ ME)? ] 
dE, 4 
Now, substituting (3) in (1), gives for the mean change, 


dI, 1 fT - 
pr ce “Esg sin? (K wt + ax) 
real 2 


Alp, = 


(5) 


Al» = YE, 


+ > D VES YE, sin (r wt + a) 
so on] 
sn(swt + a,) | d (wt) 


The integrated value of the first summation can be 
shown to be 


r [*Es? + “Eo +... e "ES; ] 


while the integrated value of the double summation 
is zero over the cycle. The mean change in plate 
current then becomes 


d: I, 
Alp, = dE? EX TUER. Topak + “Es, ] 


By (4) we have 
Als, = A Ír, 


which shows that for the quadratic characteristic the 
wave-form error vanishes. In special cases, the dis- 


+10 -10 


+10 -10 


A AND B, IN PER CENT OF ONE READING, A 


o 
DIFFERENCE BETWEEN REVERSED READINGS, 


Fic. 18— VARIATION OF WAVE-FoRM ERROR WITH Bias 


crepancy between two unlike wave-forms may vanish 
for a non-quadratic function, but this will not be so in 
general, as a consideration of the graphical treatment 
clearly shows. 
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The significant thing about the above demonstration 
is that the vacuum tube voltmeter may be freed from 
its greatest limitation by confining the range of varia- 
tion of grid voltage to a substantially quadratic portion 
of the curve. No previous ireatment of this fact by 
others has been found by the authors. 

Certain types of tubes display characteristics well 
suited for use in eliminating wave-form error. The 
low-u power tubes, in general, have a relatively wide 
range of grid voltage over which the characteristic is 
quadratic. Fig. 13 shows the plot of the square root 
of plate current as a function of E, for a UX-171 tube, 
and shows a range of about 27 volts over which the 
straight line indicates a constant second derivative. 
That the wave-form error is negligible over this region 
is shown by the other experimental curves of Fig. 13. 
They show the percentage difference between reversed 
readings for the unsymmetrical wave-form (a), pre- 
viously referred to. 'The percentage is taken with 
respect to the readings reversed the same way through- 
out. These curves show that if the tube is operated at 
a bias voltage near the center of the quadratic region, a 
voltage considerably in excess of the quadratic limita- 


NEESEESEWEREHREEREEENF 
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VOLTAGE SUPERIMPOSFD ON GRID LM UN 
Fic. 14—STATIC CHARACTERISTICS OF VACUUM TUBE VOLTMETER 


tion may be applied without wave-form error. Thus 
the 16-volt r. m. s. curve shows no error when operated 
at -20 volts bias although the peak of the wave is 
approximately 23 volts and exceeds the limit of quad- 
ratic variation by eight volts. 

Fig. 14 shows the J, — E, curves for the voltmeter 
described herein. The wave-form error throughout the 
low-range was found to be negligible for any of the wave- 
forms studied, despite the fact that the departure from 
quadratic variation is quite marked. It is only when 
the normal bias voltage is considerably in excess of that 
for which the plate current vanishes, that slight dif- 
ferences in wave-form are manifested by different 
readings in plate current. 
depends solely on that portion of the voltage wave 
which projects beyond the vanishing point, and any 
hump or tip on the wave which might be insignificant 
compared to the entire wave is strongly instrumental 
in affecting the plate current. 

Too much emphasis should not be placed on the 
elimination of wave-form error. The mere fact that a 


The plate current then. 
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voltmeter reads r. m. s. volts independently of wave- 
form does not, of course, permit the indiscriminate 
use of any wave-form. In fact, in some instances, it 
might be desirable to use a voltmeter which would, by 
reversing terminals, detect an unsymmetrical wave- 
form. 

Although the two-range voltmeter described herein is 
not capable of wave-form error elimination, its useful- 
ness is not necessarily impaired. It does, however, on 
the higher range tend to exaggerate differences in wave- 
form. In passing, it may be said that this exaggeration 
is greater, according to the authors' beliefs, in the grid 
stopping condenser type of voltmeter than in the plate 
detection type. In fact, the former partakes largely 
of the characteristics of a peak voltmeter. 

Of the six features of the vacuum tube voltmeter 
which were set down at the outset, the following may 
be said in summary concerning the two-range type 
studied by the authors: 

1. Frequency has but little effect on the operation 
and this effect can be eliminated by the use of the by- 
passing condenser, 

2. The input impedance is high, of the order of several 
megohms, and the power factor is low, 

3. Differences in wave-form are exaggerated but not, 
for commercial wave-forms, objectionably so, 

4. The senstivity is higher, perhaps, than that of 
most other communication-frequency measuring instru- 
ments. On the instrument designed by the authors, 
changes of 0.01 volt on the low end of the range, and 
changes of 0.05 volt on the high end are readily 
detectable, 

5. The range is inherently low, covering, probably, 
a band of voltages from a tenth or a few tenths of a volt 
to about 10 volts, 

6. The stability of calibration over the entire life 
of the tube is questionable. Experiment showed, 
however, that in general*the ealibration could be ex- 
pected to remain constant for periods of operation of 
over 40 hr. 
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In 1927 United States consumers purchased a half- 
billion of incandescent lamps which was some 24 million 
more than they purchased in 1926, the twelve-month 
period just past representing the largest in the history 
of the industry. | 

In ten years the sale of large lamps has doubled, 
and that of the miniature or small lamps tripled. 


Illinois Central Suburban Service’ 


First Year of Electric Operation in Chicago 
BY W. M. VANDERSLUIS: 


Associate, A. I. E. E. 


Synopsis.—This paper gives operating records of the first year 
of electrical operation of the suburban service of the Illinois Central 
Railroad. It shows monthly curves of load, kw-hr. per car-mile, 
maximum demand, load factor and temperature. It also shows 


STEAM OPERATION 


N July 21, 1856, the Illinois Central Railroad 
started suburban service in Chicago by running 
four trains each way between down-town Chicago 

and Hyde Park. It is recorded that the first train to 
Hyde Park did not carry a single paid passenger. 

This service was gradually extended until, in July 
of 1926, there were in regular operation on each normal 
week day, a total of 398 trains with service extended to 
Matteon on the South, to South Chicago on the South 
Chicago Branch, and to Blue Island on the Blue Island 
Branch. In the year 1925, this steam service carried a 
total of 24,000,000 paid passengers. Approximately 
285 coaches, mostly of wood construction and with an 
average seating capacity of 56 persons, were used in this 
service. About 60 locomotives were necessary for the 
daily operation. 


ELECTRIC OPERATION 


Electric operation for the suburban service has been 
agitated for years by various civic bodies, and the first 
formal report on feasibility and costs was made in 
November, 1909. This was followed by several other 
investigations and reports, but the railroad did not agree 
to the project until the passage of the so-called Lake 
Front Ordinance in 1919. This provided that the 
suburban service should be completely electrified by 
February 20, 1927. The commitment of the Illinois 
Central to electrify its tracks in the City of Chicago was 
a part of its general agreement with the City of Chicago, 
the South Park Commissioners and the War Depart- 
ment, covering riparian rights, changes in grades to 
permit of easy access to the lake front and changes in 
property ownership. 

On July 21, 1926, exactly 70 years after the first 
steam service was started, three electric trains were 
operated each way in the local service between 
Randolph Street and Hyde Park. It will be noted 
that the electric service was started seven months 
before the time called for in the Lake Front Ordinance. 
The.second week 80 trains were operated each day 


*For description of Illinois Central Suburban Electrification, 
see Journal of Western Society of Engineers, March, 1926, Vol. 
31, No. 3. General Electric Review, April, 1927, Vol. 30, No. 4. 

1. Electrical Engineer, Illinois Central Railroad, Chicago, Ill. 

Presented at the Regional Meeting of District No. 6 of the 
A. I. E. E., Chicago, Ill., Nov. 28-30, 1927. 


monthly curves for the last four years of passengers, car-miles, 
seat-miles and operating income. The improvements in service 


are enumerated and the general results at this date are discussed. 
* * * * * 


and in the period of about five weeks, theelectric service 
was built up to a total of over 350 trains. These were 
all operated, of course, on the existing steam time-table, 
as there was still a considerable number of steam trains 
in the service. 

The first electric time-table was put into effect on 
August 28th, with a total of 396 revenue trains. On 
account of a shortage of new equipment it was still 
necessary to run six trains by steam, but these were 
confined so far as possible to those carrying shop 
employes. 

To-day, 470 revenue trains are being operated on a 
normal week day. In addition there are 14 equip- 
ment trains and 72 Chicago, South Shore and South 


i Electric Time 
^1 Table er = 


CAR- MILES AND 
100 SEAT - MILES 


Week - Day Trains 


RANA 


Fig. 1—OPERAaATING Curves BEFORE AND AFTER STARTING 
ELECTRIC OPERATION ON ILLINOIS CENTRAL RAILROAD 


These curves show the number of revenue passengers per month, 
car-miles per month, hundreds of seat-miles per month and number of 
week-day trains per day 


Bend trains, the latter being operated between Kensing- 
ton and Randolph Street. This isa total of 556 electric 
trains. | 

Electric service was put into effect without any 
serious accidents or interruptions and has so continued 
during the first year. 

Due to the fact that all of the motor-trailer car units 
are uniform in design and in operating characteristics, 
the preparation of time-tables and the handling of 
equipment at terminal points has been greatly 
simplified. 

Fig. 1 shows by months the revenue passengers 
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carried, car-miles and seat-miles operated and the week 
day trains in service. 


IMPROVEMENT IN SERVICE 


Of particular interest is the improvement in running 
times due to electric operation. The latest electric 
time-table shows decrease in running times over the 
old steam service of from 11 to 28 per cent for the 
various classes of trains, the larger percentages resulting 
for trains to Kensington and beyond. The decrease 
in over-all time results from high maximum speeds and 
by the use of high accelerating and braking rates. 
Acceleration is at the rate of 1144 mi. per hr. per sec., 
which is about six times as rapid as that of through 
passenger steam trains. Under normal operation, a 
train will reach a speed of 28 mi. an hr. in 20 sec. 
After that point, the rate of acceleration falls off but on 
level tangent track a train will reach a speed of 50 mi. 
per. hr. in two minutes. With present average voltage 
conditions, balancing speed is about 64 mi. per hr. Al- 
though comparatively high braking rates have been 
accomplished on the steam trains, these also have been 
increased so that electric trains brake at the rate of 134 
mi. per hr. per sec. It is significant that large decreases 
have been made in running times even on runs where 
more stops are made than formerly. 

There has been a large gain in electric operation as 
compared with steam operation from the stand-point 
of operating a congested terminal. This improvement 
will become of greater importance as the service grows, 
inasmuch as under steam operation the limit to the 
number of trains physically possible to move in or out 
of the Randolph Street Terminal was rapidly being 
approached. It is readily apparent that this gain is 
made by the elimination of movements necessary for 
steam engines in changing ends of trains, and also in 
being brought from and taken to the engine terminal, 
since these movements must be made over the tracks 
serving useful train movements. "The electrie train 
requires only the normal loaded movements over these 
busy sections, except when brought from or taken to 
storage tracks at the beginning or end of rush hours. 

The speed and reliability of electric service has been 
further enhanced by other improvements of the entire 
terminal. These include changes in the grades, rear- 
rangement of tracks, elimination of railroad grade 
crossings, installation of high platforms at all suburban 
stations, installment of additional interlocking plants 
and rebuilding of the entire automatic block system 
to conform to electric traction requirements, a great 
part of which had been completed at the time of begin- 
ning electric operation. 


EQUIPMENT 


The results obtained from the motor-trailer combina- 
tion have been satisfactory to the operating officers. 
The elimination of all steps on the cars for regular 
operation which requires high platforms, the use of 
sliding doors, fully enclosed vestibules, tight lock 
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couplers, automatic acceleration and electropneumatic 
braking have all tended to increased convenience of the 
passengers and to safety and speed of operation. 

The employment of a large amount of aluminum or 
aluminum alloys in side and roof sheets, doors, conduit 
and fittings has materially reduced the weight of the 
cars and, thereby, the operating expense. 

For the year ending September 1, 1927, the average 
cost for maintaining the cars has been about six cents 
per car-mile. The weight of the motor car is 70.65 
tons and the trailer 44.27 tons,—an average weight per 
car of 57.46 tons. 

` Delays due to electrical equipment have been very 
few and no radical changes in design have been found 
necessary. Minor changes incident to new designs 
have been made, but at very slight expense. 

Fig. 2 shows the kw-hr. per car mile with 
corresponding average temperatures. Electric heating 
of cars is, of course, largely responsible for the varia- 
tion between the different months, but changes in 
time-table also affect it slightly. 
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These curves show monthly averages of temperature and kw-hr. per 
car-mile, monthly load factor and monthly maximum demand. 


PowER SUPPLY 


For the year ending September 1, 1927 the total 
energy supplied under the contract with the Common- 
wealth Edison Company was 57,274,512 kw-hr. Of 
this, 92.7 per cent was for traction purposes including 
heating of cars, 6.1 per cent for light and power, and 
1.2 per cent for signals. 

Fig. 2 also shows the maximum demands by months 
and the variation with the temperature. 

The contract provided that the railroad company 
guarantee a 30 per cent load factor. Fig. 2 shows 
the variation in the load factor. It will be noted that 
it is well above the guarantee. 

Fig. 3 shows typical summer and winter week day 
load curves. | 

The supply of energy by the power company in 
specified feeders to the right-of-way line of the railroad 
company from the seven substations has been looked 
upon from some quarters with misgivings. This requires 
that not only the conversion machinery but all pro- 
tective apparatus in the railroad company's feeders be 
maintained by the power company. The railroad 
company, however, has taken over, under normal 
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operation, the control of all traction feeders by use of 
its supervisory control system. 

So far the results obtained have been satisfactory 
with the power company’s broad-minded policy in 
operating under the necessarily somewhat compli- 
cated agreement. 

Discrimination of the high-speed circuit breakers 
has been excellent. The overhead network on a multi- 
ple track railroad such as this installation covers is 
complex due to a necessity, in case of a fault, of having 
a minimum amount of track out of service. Isolation of 
individual sections in case of trouble has come up to 
expectations with very good protection to line and 
equipment. Furthermore, the power supervisor con- 
trolling the. traction feeders has immediate informa- 
tion as to opening of breakers. He is located in the 
office of the train dispatcher, so that by working close 
together, trouble from a train going from a live to a 
grounded dead section has been minimized. The use 
of wayside signals indicating a dead trolley section at 
points where the sectioning is outside the limits of 
interlocking plants has also saved burn-outs of overhead. 

The cold weather of the first winter indicated that a 
few minor changes, especially in pull-offs, were desir- 
able. The delays which have occurred, however, have 
been small considering the size of the installation and 
the number of trains operated. 


GENERAL RESULTS 


As indicated on Fig. 1, it is apparent that the travel- 
ing public will use a clean, fast and reliable transporta- 
tion system. The off-peak business has increased 
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materially, which, of course, is the most satisfactory 
business to have. 

As announced in the newspapers recently, the 
operating income is now on the right side with an 
indicated profit of about $530,000 for the year 1927 as 
against a loss for the year 1926 although the electric 
service was in operation four complete months during 
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that year. It is pointed out, however, that 
these figures do not take into account any in- 
vestment in road and equipment. In providing 
the electrified service the railroad spent ten and one- 
half millions of dollars for new equipment, about four 
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Figures for Illinois Central suburban service including Chicago, South 
Shore and South Bend Railroads 


millions for electrical work, including overhead, switch- 
ing equipment, return system and miscellaneous, and 
about nine and a half millions for rearrangement of 
old tracks, new track and station facilities and separa- 
tion of grades, or a total of twenty-four millions in 
improvements only. An additional twenty millions 
of dollars was spent in the rearrangement of the termi- 
nal facilities for the whole electrification project. 


Fig. 4 shows the relation between operating income 
and passengers carried for the three and one-half years. 


TRANSLUCENT BLACKBOARDS 


In connection with the annual meeting of the Ameri- 
can Physical Society, held during the past summer in 
Reno, Nevada, a paper covering the latest development 
in blackboard illumination was presented by W. H. 
Weniger and H. R. Vinyard of the Oregon Agri- 
cultural College. The following extract of the paper 
appears in the Physical Review for September: 

“The solution of a difficult problem in blackboard 
illumination was obtained by abandoning the usual 
opaque board and substituting therefor a ground glass 
surface uniformly illuminated from the rear. With 
customary room illumination, part daylight and part 
electric, everything on this “blackboard” was visible 
from all parts of the room, even from points making 
an angle of only 10 deg. with the plane of the writing 
surface. Incidental advantages gained are: ease of 
erasure; ability to use the surface as a translucent 
screen for projecting lantern slides with the possibility 
of adding chalk lines to projected diagrams; ability to 
intersperse chalk talks with lantern slides without 
changing the general room illumination." 


Synchronous Motors for Driving Steel Rolling 
Mills 


BY W. T. BERKSHIRE! 
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Synopsis.—It is the purpose of this paper briefly to discuss, 
from a practical stand point, the application and design of synchro- 
nous motors for steel-mill main-roll drives, in an effort to show what 


RIVING main rolls of steel mills is universally 
recognized as very heavy duty. The loads are 
high, and are applied and relieved very suddenly. 

Consider the case of a motor driving a single stand, 
Fig. 1. Between passes it will run with only 5 per cent 
to 10 per cent load, due simply to mill friction. As the 
metal strikes the rolls the load jumps almost instantly to 
possibly 100 per cent or 150 per cent of normal, and is 
as suddenly reduced when the metal leaves. This 
happens several times a minute. If such a drive 
has been properly selected, several passes on each bloom 
or billet may require 150 per cent to 175 per cent normal 
load on the motor. The load is intermittent in char- 
acter, so that the motor is selected with the idea of 
permitting some of the passes to come up to these 
limits, so long as the r. m. s. value of the load is within 
the normal rating of the motor. If the heavier passes 
are of not more than three or four seconds duration a 
flywheel may be utilized to reduce the peak loads on 
the motor and power system. 


Fic. 1—Rorriua MILL, SINGLE STAND 

With a mill having a train of several stands as in 
Fig. 2 or with a continuous mill as in Fig. 3, the drive is 
not subjected to quite as severe shocks as with a single 
stand, for it is apparent that as a piece of metal enters 
the mill the stands are filled in succession until all are 
full. The load increases to the maximum value in a 
number of steps, and is similarly reduced. 

The torque required to start a mill from rest is often 
quite high in comparison to the capacity of the driving 
motor. This is especially true in cold weather, as 
very heavy grease is used on the roll necks and pinions, 
and this becomes very hard at low temperatures. Mills 
used for cold rolling thin sheets, which operate with 
very high pressure between the rolls and consequently 
on the bearings, may require as much as 200 per cent 
of normal motor torque to break them loose. 


1. Both of General Electric Co., Schenectady, N. Y. 
Presented at the Regional. Meeting of District No. 5 of the 
A. I. E. E., Chicago, Ill., Nov. 28-30, 1927. 
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their advantages and disadvantages are; where they should, and where 
they should not, be used; and what special precautions must be taken 
in the design of motors for this service. 


In addition to being able to start the mill, and carry 
heavy and sudden overloads, the drive must usually be 
capable of withstanding “plugging” in order to bring 
the mill quickly to a stop in case of a “cobble” or other 
mishap. Any piece of metal which fails to-go through 


Fig. 2—RorL Train or THREE STANDS 


the mill properly is termed a “cobble.” As soon as 
the operator sees that the steel is not going through as 
it should, he "plugs" the motor by disconnecting it 
from the line and then applying power with reversed 
phase rotation. After the mill stops, if the metal is 
not clear of all the stands, the portions between stands 
are cut out and then the motor must start the mill in 
the reverse direction to back out the pieces in the rolls. 

Considering these conditions which a main roll drive 
must meet, it is not remarkable that for nearly all 
constant-speed electrie drives induction motors of the 
wound-rotor type have been used. This type of motor 
has excellent starting characteristies, will carry heavy 
overloads, and withstands much abuse. In common 
with all induction motors, however, its power factor is 
lagging, and very much so in low-speed machines. 
Now, the main rolls and lay-shafts on heavy mills do 
not run at high speeds, and it is often desirable to 
direct-connect the motor, so that there are now in 
service many low-speed motors, operating at low power 
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factors. As a matter of fact, one reason for the use of 
25-cycle power in numbers of steel plants is that low- 
speed 25-cycle motors have better power factor than 
the corresponding 60-cycle machines. The use of 


higher speed motors driving through reduction gears 
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has helped the situation somewhat, but has still left 
much to be desired in the way of power factor 
improvement. 

Unquestionably the desire for a better operating 
power factor has been the chief factor in bringing the 
synchronous motor into consideration in steel mill 
service. It possesses, however, advantages other than 
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This motor has a greater continuous horsepower rating than any other 
motor in industrial service. 


its good power factor, as well as some disadvantages, 
and these will be brought out in the following detailed 
comparison of the characteristics of the two types of 
machines. 


FIELD OF APPLICATION OF SYNCHRONOUS MOTOR 


The field of application of the synchronous motor 
in main-roll service is limited to strictly constant-speed 
drives. This eliminates it from consideration on 


reversing mills, —mills requiring flywheels, and mills - 


needing adjustable speed. 

It is not as a rule advisable to attempt to apply it to 
any type of mill which may have to be started with 
metal in the rolls, such as a cold strip mill, nor to cold 
sheet mills, which have excessively high friction. Such 
mills may require at starting considerably more torque 
than is needed to carry their full load at full speed, and 
unless the motor is sufficiently small in comparison to 
the power system so that it can be started at full voltage, 
difficulty may be experienced in getting started and 
synchronized. 

In connection with constant-speed continuous mills 
of the type shown in Fig. 3, looping mills as illustrated 
in Fig. 2, and in fact, almost any constant-speed hot 
metal mill, the synchronous motor deserves very careful 
consideration.. Every individual case must be studied 
very thoroughly to make certain that no misapplica- 
tions are made. Careful thought must be given not 
only to the full-load rating required, but also to the 
Maximum torque that may be necessary to break the 
mill from rest under the most adverse conditions; to 
the maximum torque needed at pull-in; to the torque 
required to back out cobbles; to the maximum peak load 
that may be encountered; to the kv-a. demand that the 
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power system can stand without disturbance, while 
starting the motor; and last, but not least, to the charac- 
teristics that can be obtained in the motor, to determine 
whether it can meet the requirements. 


STARTING CHARACTERISTICS 


Practically the only reason synchronous motors have 
not been widely used on mill drives in the past is because 
their starting characteristics are not so desirable as 
For 100 
per cent kv-a. input the induction motor develops 
approximately 100 per cent rated torque at starting, 
whereas the synchronous motor will give from 30 per 
cent to 60 per cent starting torque with the same kv-a. 
input at à much lower power factor. However, the 
torque obtainable from a synchronous motor is ample 
to start most types of mills, and its other advantages 
make it the logical choice in many cases. 

By proper design, good starting torque character- 
istics, as shown in Figs. 5 and 6 can be obtained in mill 
type synchronous motors with a single squirrel-cage 
winding. The double squirrel-cage has, at times, been 
considered, but in each case it has been found that by 
the proper choice and distribution of materials in the 
bars and rings, the proper spacing of the bars with 
respect to the stator slot pitch and the depth and width 
of the slots in the pole face over the bars, the torque 
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requirements have been amply met with a single squirrel- 
cage. In practically all cases it has been found possible 
to obtain more than sufficient torque to start and bring 
the mill to synchronous speed, or to even back out a 
cobble, with from 70 per cent to 100 per cent normal 
kv-a.input. Unlike that of the squirrel-cage induction 
motor the squirrel-cage of the synchronous motor can 
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be changed in design at will, with a corresponding 
change in torque characteristics, without affecting the 
efficiency of the synchronous motor during its normal 
operation under load. 


The curves shown give the torque and kv-a. values 
with full voltage applied to the motor. In normal 
operation of course, these large motors are started at 
reduced voltage obtained from a suitable auto-trans- 
former. For example, the 6500-h. p., 187-rev. per min. 
motor for which starting torque and kv-a. curves are 
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shown is regularly started on 32 per cent voltage. 
Since the starting torque and kv-a. input varies as the 
square of the voltage, it is apparent that under this 
condition the motor demands only 60 per cent of 
normal kv-a. and gives about 35 per cent of its normal 
torque. This has proved ample to start the mill under 
all conditions. Similarly, a 9000-h. p., 107-rev. per 
min. motor is always started at 32 per cent voltage, 
giving 27 per cent of normal torque with 70 per cent 
normal kv-a. 


The 'pull-in" torque, or the torque available at 
approximately 95 per cent synchronous speed before the 
application of field, must of course be in excess of the 
mill friction at this speed, but can be considerably less 
than the starting torque, as the latter must overcome 
the "dead" friction of the mill, with the bearings 
practically dry. 

The fields of these motors are usually wound for 
250-volt excitation, and if the field were left open- 
circuited at starting the induced voltage across the 
rings, with 33 per cent normal voltage applied to the 
stator, would be from 5000 to 10,000 volts. In order to 
protect the operators from the induced field voltage it 
is the practise when starting, to close the field circuit 
through a discharge resistance. While this increases 
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the starting current and decreases the starting torque 
to some degree, it also increases the pull-in torque. 
The amount and capacity of this resistance to give the 
best torque characteristics can be determined by 
calculation. 

A synchronous motor may be plugged for a quick 
stop, by first opening the “forward” breaker and 
removing field, then closing the "reverse" breaker and 
connecting the motor to the starting tap of the auto- 
transformer. The current: drawn when plugging is 
approximately 15 per cent more than the starting 
current, and the torque developed about 75 per cent of 
the torque at starting. 


MAXIMUM TORGUE 


A synchronous motor can be designed for fully as high 
maximum or pull-out torque as an induction motor and 
for steel mill service this pull-out torque varies from 
225 per cent to 300 per cent of normal full load running 
torque. The synchronous motor has the advantage 


that for any reduction in applied line voltage the pull- 


out torque decreases only in direct ratio to the voltage, 
whereas the torque of an induction motor decreases as 
the square of the voltage. Furthermore because of its 
better power factor, the synchronous motor helps to 
maintain the voltage at its terminals; consequently the 
drop in line voltage due to a given load is not likely to 
be so great as if an induction motor were used. 


PowER FACTOR 


One of the most desirable features of the synchronous 
motor is its ability to improve the power factor of the 
system on which it operates. It is usually designed to 
give a leading power factor at normal load, and will then 
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furnish a considerable amount of corrective kv-a. at all 
loads up to a considerable overload, as shown in 
Fig. 7. The low power factor of low-speed induction 
motors, particularly 60-cycle machines, has necessi- 
tated the use of reduction gears in some cases where for 
other reasons a direct drive would have been preferable. 
The use of synchronous motors permits direct drive 
with low-speed machines, operating at unity or leading 
power factor. 
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EFFICIENCY 


Two curves are shown, illustrating the very high 
efficiency obtained from large synchronous motors, 
both 25 and 60 cycles. The fact that approximately 
75 per cent efficiency is obtained at 5 per cent of normal 
load is quite noteworthy. 


The full-load efficiency of synchronous motors for 
steel mill service varies from 0.5 per cent to 2 per cent 
more than that of the corresponding induction motors. 
This better efficiency of course means some saving in 
power cost. 


OPERATING VOLTAGE 


Synchronous machines can very readily be built for 
any operating voltage up to and including 13,200. 
While a very few induction motors are operating at 
13,200 volts, it is better practise not to exceed 6600 volts 
on an induction motor, as the design becomes difficult 
and the machine expensive. 
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EXCITATION 


One disadvantage of the synchronous machine is that 
it requires a separate source of excitation, while the 
induction motor does not. On an important drive it 
is wise to employ an individual exciter, either direct 
connected or driven by a separate motor. The excita- 
tion voltage is always 250, so that as an emergency 
source the 250-volt d-c. power circuit which exists in 
all steel mills can be used. 


FLOOR SPACE 


The amount of floor space required by a synchronous 
motor is almost invariably less than that needed for an 
induction motor of the same rating. One reason for 
this is that it is the usual practise to make the motor 
base long enough so that the stator can be moved along 
the shaft a sufficient distance to make both rotor and 
stator windings accessible for cleaning or repairs. 
The rotor of an induction motor is inherently somewhat 
longer than that of a synchronous motor, because of the 
space required for the end connections of the coils on 
the former, and this necessitates a greater space for 
movement of the stator. 


SYNCHRONOUS MOTORS FOR DRIVING 


STEEL ROLLING MILLS 


The following table shows the relative base dimen- 
sions of the two types of motors, for several different 
ratings: 
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Floor Space 

Rating Synchronous Motor Induction Motor 

Rev. 
.H.P. per min. Cycles Ft. In. Ft. In. Sq.ft. Ft. In. Ft. In. 8q. ft. 
9000 107 25 18 Ox 24 8 = 445 20 7 x 25 O = 515 
6500 187 25 17 5x15 7 = 272 16 7x 19 3 = 319 
5000 100 60 13 2x 21 11 = 288 16 8 x 23 11 = 398 
5000 240 60 13 8x 14 2 = 195 14 Ox 16 O = 224 
5000 83 25 14 3x19 9 = 282 15 O x 20 O = 300 
1500 300 25 10 10x 11 S =m 123 12 3x 11 9 = 143 
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Fig. 10—Sratror FRAME FABRICATED FROM STEEL PLATES 


AND Bars 


SPEED CONTROL 


Control, or rather adjustment, of the speed of a syn- 
chronous motor in mill service is of course impractical, 
and its use must, therefore, be confined strictly to 
constant-speed mills. This fact also eliminates it 
from consideration on any so-called constant-speed 
mill on which a flywheel is necessary, for to get any 
beneficial effect from the wheel the speed must vary 
inversely with the load. 

The fact that the motor runs at truly constant speed, 
except for what variation in frequency occurs on the 
system, is an advantage on some types of mills. For 
example, if the product from a continuous mill of the 
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type shown in Fig. 3 is cut into lengths by a flying 
shear, as it leaves the mill, the lengths will be more 
uniform if the mill speed is absolutely constant than if 
it varies slightly. 


Cost 


The cost of a synchronous motor, of the capacity used 
for main roll drives, complete with exciter and control, 
is usually less than that of a similarly rated induction 


Fig. 11—PanrLY Wounp Srator, SHowiwa METHOD oF 
BRACING THE CorL8 
motor. For machines of medium capacities, speeds and 


voltages, the differential is not great, but for large 
low-speed units, the synchronous machine is consider- 
ably less expensive. 


RELIABILITY AND EASE OF REPAIR 


From the standpoint of reliability it can hardly be 
said that either type of motor has the advantage. A 
machine any more reliable than the well built mill-type 
induction motor has proved itself to be, would be 
difficult to find, but there is no reason why the syn- 
chronous motor should not have an equally good record 
in the years to come. 

As far as ease of repairing is concerned, the stators of 
the two machines are practically on a par. The coils 
of the synchronous motor are somewhat larger and 
heavier as a rule, but there are fewer of them. The 
rotor of a synchronous motor could probably be re- 
paired more quickly than that of an induction machine. 
The fact that the synchronous motor has a fairly large 
air-gap helps to facilitate the moving over of the stator 
for cleaning or repairs. | 


CONSTRUCTION 


Obviously the details of design and construction 


described in the following paragraphs apply to motors 
built by the company with which the writers are 
associated. The practise of other manufacturers may 
differ in some respects. 

The mechanical and electrical construction of the 
mill-type synchronous motor is fully as sturdy and 
reliable as that of the mill-type induction motor. The 
quantity and kind of the materials used are such that 
all stresses are kept within a conservative minimum. 
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The stator frames of the earlier motors of this type 
are of cast iron. Those built within the past year and a 
half, however, are fabricated of steel plates securely 
welded together and braced to form an exceedingly 
strong and rigid structure. To the inner periphery of 
the frame are welded steel dovetailed keys. The core 
laminations are held on these keys and clamped be- 
tween heavy welded steel finger flanges. Air ducts are 
provided in the core and complete ventilation is further 
accomplished by the use of air-slide wedges. | 

Because of the size and weight of the stator coils in 
these large motors they are insulated very carefully to 
protect them from mechanical injury. After their 
assembly in the stator the end projections are securely 
laced to insulated steel bracing rings which are sup- 
ported from the stator frame. The larger machines 
are supplied with resistance temperature detectors. 
The stator coils are liberally designed to safely take care 
of sudden overloads or the condition where the motor 
may be required to develop its maximum torque as an 
induction motor. 

The rotor spiders of the machines of small diameter 
are built up of laminations punched from heavy steel 
plates, those of larger diameter being of cast steel. 
The laminated pole pieces are either dovetailed into 
the punched rotor or secured to the cast rotor by 
means of bolts screwed into steel keys imbedded in the 
pole pieces. 

The field windings are usually of edgewise-wound 
copper strip. Here again great care is given to the 
insulation between the turns of the winding, and of the 
coils as a whole from the pole pieces and rotor spider. 
One of the recent improvements in design consists in 
the addition of fins to the ends of the field coils which 
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are made by simply projecting every second or third 
turn during winding. These fins provide an increased 
area of radiating surface on the ends of the coils 
and have proved very effective in reducing the field 
temperature. 

Since, at times, these motors may be required to 
develop their maximum torque as induction motors, 
considerable attention is given to the heat storage 
capacity. of the amortisseur winding, the materials 
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used being such that their strength will be retained at 
high temperatures. The bars are silver soldered into 
the end ring segments. The end ring segments have 
bolted joints between poles so that each individual 
pole may be readily removed from the rotor without 
disturbing the others. 

The specially designed mill-type pedestals are 
securely bolted to both the base and foundation. They 
are equipped with babbitted thrust collars when this 
feature is desired. These pedestals are insulated from 
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the base to eliminate the possibility of shaft currents. 
The spherical-seat, self-alineing bearings may be 
equipped with temperature relays. A liberally designed 
ring oiling system insures ample lubrication but in 
addition, provision is made so that flood lubrication 
may be applied. 

The base is provided with rollers under the carrier 
plates supporting the stator feet in order that the stator 
frame may be easily moved in a direction parallel to 
the shaft. The carrier plates are keyed to the base in 
order to maintain the alinement of the stator frame 
during this movement. 

Air heaters may be installed in the lower halves of the 
stator frames of these motors to prevent the possible 
accumulation of moisture on the windings in case the 
mill is idle for any considerable length of time. 


CONTROL 


A few main-roll synchronous motors are started 
at full voltage, but most of them are so large that 
such practise is not desirable because of the result- 
ing demand on the power system. Consequently, 
an auto-transformer is usually employed to give reduced 
voltage for starting. For some of the largest machines 
it has proved desirable to employ two reduced voltage 
steps in the starting operation, and to meet this con- 
dition the combination Korndorfer and reactor method 
illustrated diagramatically in Fig. 14 has been de- 
veloped. 

The sequence of operations for starting, stopping, or 
plugging the motor is initiated by the simple movement 
of the handle of a master switch placed near the mill, 
and the operation is completed automatically under the 
control of relays on the control panel. 


SYNCHRONOUS MOTORS FOR DRIVING STEEL ROLLING MILLS 
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We will assume that the motor is at rest and that the 
operator throws the handle of the master switch to the 
"forward" position. Oil circuit breaker A closes at 
once, establishing the neutral connection of the auto- 
transformer,—F follows immediately, connecting the 
line end of the auto-transformer to the line and 
thereby applying the first step of reduced voltage to 
the motor. With this voltage the motor should start 
and gradually increase its speed. 

When it reaches a predetermined speed, usually from 
50 per cent to 75 per cent of synchronism, as indicated 
by the frequency obtained from a small pilot generator 
on the main motor, a relay operated in response to the 
frequency causes breaker A to open, and immediately 
thereafter breaker B closes. B connects the motor 
to the line through the reactor. The reactor is so 
proportioned that the voltage drop across it at the time 
it is connected in the circuit is sufficient to reduce the 
voltage at the motor to a value between the line voltage 
and that given by the auto-transformer tap. As the 
motor speed increases, the current will drop and the 
voltage at the motor terminals will rise. 

When the motor reaches approximately 95 per cent 
synchronous speed, as determined by a relay which 
operates only when the difference between the line 
frequency and the pilot generator frequency is 5 per 
cent or less, field excitation is applied, of sufficient value 
to give approximately unity power factor. This pulls 
the motor into step, and so reduces the current drawn 
by the motor through the reactor that the voltage at 
the motor terminals increases almost to the line value. 


Solenoid Operated 
Oil Circuit Breakers 


6. 
Motor reaches 95 per 
cent speed. 


Fig. 14—ELEMENTARY DIAGRAM OF COMBINATION 
KORNDORFER AND REACTOR METHOD or STARTING 
SYNCHRONOUS MOTORS 


After a short-time interval, breaker C closes, B 
opens, and the field excitation is automatically increased 
to the full value. 

It will be noted that at no time during the sequence 
of starting operations is the motor entirely disconnected 
from the line. Furthermore, owing to the use of the 
reactor, the transition from the second starting voltage 
to the line is made with extreme smoothness. 

Protection is provided against under-voltage, loss of 
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excitation, and failure to synchronize within a definite 
interval after the master switch is operated. 

The control equipment for a synchronous motor 
involves more oil circuit breakers than does that for 
an induction motor, but the latter requires a number 
of large contactors and resistors for its rotor circuit, 
with relays for controlling the same. Neither is 
especially complicated in installation or maintenance. 
So far as the mill operator is concerned, he simply 
moves the handle on one kind of master switch to start 
either type of motor. 


INSTALLATIONS 


A considerable number of synchronous motors is now 
installed or being built for main roll service. Those 
supplied by one manufacturer include the following: 

A 9000-hp., 107-rev. per min., 25-cycle, 6600-volt 
unit is driving a continuous sheet bar mill at the 
Cleveland plant of the Corrigan-McKinney Steel 
Company. This motor has a higher continuous horse- 
power rating than any other motor in industrial service 
in this country. 

Two motors, one 6500-hp., 187-rev. per min. and the 
other 4000 hp., 83 rev. per min., 25 cycles, 6600 volts, 
form part of the drive of a continuous skelp mill at the 
Bethlehem Steel Company’s Sparrows Point plant. 

A 5000-hp., 240-rev. per min., 60-cycle, 2200-volt 
synchronous motor is being installed to drive a tube 
piercing mill at the Standard Seamless Tube Company’s 
plant at Economy, Pa. 

The Continental Steel Corporation, Kokomo, Indiana, 
has purchased a 5000-hp., 100-rev. per min., 60-cycle, 
2200-volt motor to be used in driving a continuous sheet 
bar mill. 

The Copperweld Steel Company of Glassport, Pa. 
will use three 60-cycle, 2300-volt synchronous motors, 
one 600-hp., 400-rev. per min., one 600-h. p., 514-rev. 
per min. and one 600-h. p., 900-rev. per min. to drive 
various merchant and rod mill stands. 

Two 400-hp., 720-rev. per min., 60-cycle, 4600-volt 
motors have been purchased by the Higgins Brass and 
Manufacturing Company, Detroit, Michigan, to drive 
brass and copper mills. 

Another manufacturer has built several synchronous 
motors for seamless tube mill service, some of them 
being for piercing mills and some for tube rolling mill 
drives. | 


CONCLUSION 


The foregoing discussion, we believe, has made clear 
that the synchronous motor is a real competitor of the 
wound-rotor induction motor for some types of main 
roll service. The number of installations which have 
been made within a comparatively short space of time 
certainly proves this contention. The synchronous 
motor has certain definite advantages, such as better 
power factor, efficiencies, and cost, which make it very 
attractive. Its starting characteristics are not so good 
as those of the induction motor, but for many drives 
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they are sufficient and on those mills it can often be 
used to advantage. 


It seems safe to predict the widely increasing use of 
the synchronous motor in mill service, and with this 
prediction goes the hope that such motors will be 
applied, designed, and built only with a full knowledge of 
the demands of the load and the limitations of the 
motor. 
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ABSOLUTE MEASUREMENT OF CAPACITANCE BY 
MAXWELL'S METHOD by Harvey L. Curtis and Charles 
Moon. Scientific Paper No. 561. 


Abstract: The absolute measurement of capacitance 
by Maxwell’s method is based on the assumption that 
certain conditions are fulfilled by the experimental 
apparatus. While there are at least seven of these 
conditions, the most important is that the galvanometer 
correctly integrates the current. When large capaci- 
tances are measured, a galvanometer is required in 
which the current through the coil does not affect 
the magnetism of the permanent magnet. By placing 
the coil in a symmetrical position with respect to the 
magnet this condition can be fulfilled in most gal- 
vanometers. However, this adjustment is greatly 
simplified by a proper design of the galvanometer. 

The method requires that a condenser shall be 
charged and discharged at a known rate. 'To accom- 
plish this, contacts of platinum dipping in mercury cups 
have been placed on the prongs of a tuning fork driven 
by an electron tube. This permits the Maxwell 
bridge to be balanced with the same ease and accuracy 
as a Wheatstone bridge. However, it is necessary to 
determine the frequency of the fork at the time of 
measurement. For this purpose the fork is compared 
with a freely vibrating pendulum by a method which 
gives an accuracy of a part in a million with observa- 
tions which extend over a few minutes' time. 


INDETERMINATENESS OF ELECTRICAL CHARGE 
by Chester Snow. Scientific Paper No. 566. 


Abstract: It is shown that if every electric charge 
in the world be given a charge of true magnetism, 
their ratio being a constant, the change could not be 
detected. If the electric and magnetic charges of an 
electron are, respectively, e; and à^, then we have 
measured only ve? + Aj. The algebraic signs of 
e; and \, are arbitrary, but the ratio e /A must be the 
same as for a proton and is physically indeterminate. 
The proposition may be regarded as a one-parameter 
transformation of the electromagnetic field components 
(in the'same system of coordinates), which leaves 
the electromagnetic energy tensor unchanged. This 
indeterminateness is rooted in the electromagnetic 
scheme and, therefore, pervades the interior of all 
electrons which have been constructed on that scheme. 
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Synopsis.—This paper is a compilation of many of the new 
methods for relay protection required by superpower inlerconnec- 
tions. The ideas have been obtained from various sources and 
represent good present day practise. The general requirements 
for such interconnections are mentioned with particular reference 
to protection against phase-to-phase short circuits in those cases 
where the short-circuit current, under certain system conditions, 
ts less then the full-load current under other conditions. The 
clearing of accidental grounds is discussed and a new study of 
residual currents on systems of different types is given. This 


HE interconnection of large power systems requires 
special treatment of its protective relay installa- 
tion in order to secure proper automatic section- 

alizing. This is particularly true of extra high-voltage 
interconnections which have their transformer neutrals 
grounded at all stations. Such systems are not nu- 
merous, but they are important and their number 
is increasing. In any such relay installation it is 
important to adopt protective methods which not 
only are suitable for the immediate requirement but 
which will be applicable to future revisions and exten- 
sions. Interconnections between large power units 
impose more strenuous demands on the relay protective 
equipment than do individual systems, even those of a 
large size. 


RELAY REQUIREMENTS 


The most important requirement is that all faults be 
cleared quickly. This prevents unnecessary burning of 
conductors and equipment, but primarily, such quick 
clearance will minimize the possibility of the system 
becoming unstable. Therefore the securing of dis- 
erimination by means of time limit relays is not desirable 
although it may sometimes be necessary or convenient. 


The complete installation must allow flexibility of 
system operation. Perfect protection should be pos- 
sible when any line or piece of equipment is cut out of 
service and, what is more difficult, protection should be 
obtained without change in relay adjustment when a 
large unit of power is entirely removed. 


The initial relay installation should permit un- 
limited extension and revision of the power system. 

It should operate satisfactorily on the lines forming 
the interconnection between the systems without re- 
quiring too great a change in the relay protection 
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study indicates the usefulness of certain inverse time limit relays 
on systems having dead grounded power transformer meutrals at 
all switching stations. Bus protection and ''back-up", methods 
are described. 

Some of the new relays which have been developed, or improve- 
ments which have been made to older types in order that the new 
demands may be met, are described; and there is illustrated a typical 
relay installation similar to that now being placed in service on a 


220-kv. interconnection. 
* + » * * 


already installed on the individual systems which are 
being united. 

It must protect against “bus faults." High-voltage 
switching stations have become so elaborate that the 
possibility of trouble on the bus bars or on the station 
equipment is as great as that ona number of miles of 
transmission lines. 

It must provide “back-up” protection, by which is 
meant that trouble should be cleared from the system, 
possibly with some little delay, even though the circuit 
breaker which would ordinarily clear such trouble 
should fail to operate. Some types of relays will 
operate in this manner by means of their inherent 
characteristics, but other types require the use of 
additional relays. For simplicity, so it is desirable that 
protection against bus faults and back-up protection be 
obtained by the same means, thus making unnecessary 
the use of complicated differential schemes commonly 
used for bus protection. 

It is desirable to eliminate the use of high-voltage 
potential transformers so far as possible, not only 
because of their expense, but also because of the hazard 
which they, themselves, introduce in the system. 


Economy in the relay system is desirable, but because 
high-voltage lines and equipment are inherently 
expensive, if such a procedure results in eliminating 
more expensive high-voltage equipment, the best 
over-all economy may be obtained by adopting an 
expensive relay system. 


Types of Relays Considered. In order to satisfy the 
needs of recent interconnections, a number of new 
methods of using the conventional types of relays have 
been developed and entirely new relays have been 
designed; namely: 

For protection against short circuits, 

1. Low-current range impedance relay (type C Z). 
2. Fault detecting over-current and undervoltage 
relays. 

For protection against grounds, 
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3. Definite time, directional relay with phase 
compensation in the potential circuit (type 


C R). 

4. Definite time, current directional relay (type 
CRC). 

5. Inverse time, current directional relay (type 
CWC). 


6. Inverse time, directional relay with phase 
compensation in the potential circuit, (type 
CW). 
The use of these new methods and devices will be 
described herein with only brief references to methods 
which are already in common use. 


PROTECTION AGAINST PHASE-TO-PHASE FAULTS 


General Conditions. The nature of a high-voltage 
interconnection system is such as to make difficult any 
application of relay equipment which will satisfy the 
demands previously enumerated. The purpose of an 
interconnection is usually to permit the exchange of 
power, and any number of causes may necessitate 
periodic changes in location of connected generating 
capacity. These changes may occur daily due to load 
conditions, or seasonally due to change in available 
generator capacity. This results in a change in 
magnitude of fault current, due not only to the varia- 
tion in total connected generating capacity but also to 
the change in location of this capacity. Thus, at some 
points on the system, it is quite conceivable that 
fault currents which should cause relay operation 
may be smaller under some conditions than the maxi- 
mum load current under other conditions. 

The interconnecting system is usually composed of 
long high-voltage transmission lines, capable of trans- 
mitting relatively large blocks of power. The high 
load capacity of these lines reduces the number of 
parallel lines necessary, thus making protection diffi- 
cult. Also, the expense of substations or switching 
stations is high and their number is therefore corre- 
spondingly reduced. To reduce expense, the system 
may adopt the form of a triangle, or loop, only one of a 
pair of lines may be carried through a substation, or 
different routes may be followed by the various lines. 
In addition to these difficulties, later extensions inva- 
riably tend to complicate relay protection. 

Pilot Wire Protection. To clear faults in the mini- 
mum time, theoretically, the best solution probably 
lies in the use of differential bus protection and pilot 
wire line protection. Fig. 1 illustrates a pilot wire 
scheme which has several advantages. This is a circu- 
lating current scheme and the burden imposed on the 
current transformers is quite low. In this method, 
open circuits on pilot wires put the relay in an operative 
condition for faults either external or internal to the 
section. This scheme is novel, in that four balancing 
resistors are used instead of three, with the result that 
balanced conditions are maintained irrespective of 
whether a through fault is phase-to-phase or phase-to- 
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ground. This permits the use of ground relays having 
a low-current setting, thus increasing the sensitivity 
of the protection. 

Although the pilot wire scheme of protection ap- 
proaches very closely the ideal, the difficulty of instal- 
ling and maintaining pilot wires prevents its use on all 


but the shortest transmission lines. The periodic 


tests, which are essential to all protective equipment, 
are rather intricate on this scheme. Another objec- 
tion to this scheme is found in that additional relays 
must be installed for back-up protection. 

Parallel Line Protection. 'The desirable character- 
istics of the selective differential relay, (as used in 
Fig. 1), makes it suitable for protection of parallel 
lines provided there is a source of feed at each end. 
This relay operates under conditions of current un- 
balance to trip the breaker through which the heaviest 
current is flowing. 

During conditions of single-line operation, the differ- 
ential relay is usuaily rendered inoperative, and some 


]—BaALANCED-CunRRENT PiLor-Wing ScnuEME USING 
SELECTIVE DIFFERENTIAL RELAYS 
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form of back-up relay is essential. The application of 
differential relays is therefore usually made in con- 
junction with back-up, over-current, or directional over- 
current relays, the differential relays being inoperative 
during conditions of single-line operation. The back- 
up relays also furnish protection against bus faults. 
Therefore, balanced protection on parallel feeders 
approaches the protection afforded by pilot wires during 
conditions of parallel operation, but for faults within 
the section during single-line operating conditions, a 
long time is required for clearing, since selective settings 
are then used. 

Under many operating conditions, a substation may 
have a connected source of feed-back into a fault, so 
that directional back-up protection is necessary during 
conditions of single-line operation. For this applica- 
tion, cross-connected, over-current, directional relays 
are applicable. This scheme is shown in Fig. 2A. 
The relays each consist of a directional element and an 


Feb. 1928 


over-current element, the contacts of the two elements 
being connected in series. The common points of 
these two sets of contacts is brought out of the relay 
case by a separate stud. The directional elements in 
both sets are practically instantaneous. The over- 
current element in one set of relays is given a short- 
time, low-current setting, and the over-current element 


Wher Power Fn: in This Direction 


ley Trips 


Fic. 2A—PROTECTION FOR A PAIR OF PARALLEL’LINES 


Effective for both parallel and single-line operation, using directional 
over-eurrent relays ` 


Fic. 285—ScnuEMATIC Diagram or Trip Circuits or Fic. 4a 


in the other set is given a long-time, high-current 
setting. 

Fig. 2B shows the schematic diagram of the trip 
circuits. 

The objections to the use of balanced protection lie 
in the fact that the relays which give quick clearing of 
faults afford no back-up or bus protection, and extra 
relays must be used for this purpose. Also, under 
conditions of single-line operation, long-time is required 
for clearing a fault on the line remaining in service. 
The cross-connections are relatively complicated, and 
testing and checking is made more difficult. In ad- 
dition to these objections, the cross-connected direc- 
tional relay protective scheme requires a source of 
potential. This objection, however, is not serious, 
since a suitable low-voltage set of potential trans- 
former is nearly always available and the secondary 
potentials from these potential transformers may be 
used. 
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Impedance Relays. The application of impedance 
relays satisfies many of the demands placed on pro- 
tective equipment for interconnections. Particularly 
is it true that rendering the system more complex does 
not necessitate increased time for operation, nor does 
the relay place limitations on the permissible system 
connections. The time required for clearing faults 
does not become cumulative. Bus protection, quick 
clearing of faults, and single-line protection are all 
secured. i 

Used on transmission lines, irrespective of whether 
parallel lines or single lines are in service, the impedance 
relay will clear faults as quickly as will balanced relays, 
when faults are located near the extremities of the line. 
With a fault in the center of the section, the impedance 
relays will clear in approximately four-tenths of a 
second; and balanced relays, under the best operating 
conditions, may clear these faults faster than will the 
impedance relay. On the other hand, the impedance 
relay operates effectively irrespective of whether one 
or two lines are connected in parallel and is independent 
of other changes in operating conditions. a 

Fig. 3 shows a typical connection of impedance relays. 


Trip For Fault in This Direction 


Fig. 3—Typicat CONNECTION DiíAGRAM oF IMPEDANCE 
RELAYS APPLIED TO SECTIONALIZE WIRE-TO-WIRE FAULTS ON 
TRANSMISSION SECTIONS 


When applied in this manner, the relays protect against 
phase-to-phase faults only and constitute only a small 
measure of protection against phase-to-ground faults. 
The use of potential is required with the impedance 
relay, but this objection may be overcome, as previously 
mentioned, by using low-voltage potential transformers. 
Another method of obtaining correct potential for 
relays when high-voltage potential transformers are 
not available is covered later. 
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Relay Operation with Low Current Faults. To meet 
fully the requirements of relay equipment applicable to 
inter-connections, the relays must operate on fault 
currents, which may be less than full load current. 
In order to satisfy this demand, a fault-detecting device 
has been developed,—a device composed of an under- 
voltage and an over-current element connected in each 
phase. The contacts of these elements (two per phase 
or a total of six) are connected in parallel, so that any 
conditions of either undervoltage or over-current will 
cause the relay contacts to be closed. In applying this 
device, the over-current element is set to operate at a 
current value corresponding to approximately 125 per 
cent of the maximum load which is expected in practise. 
Therefore, the current relays should never operate 
unless heavy fault currents are flowing. The under- 
voltage device is set for, say, 75 per cent of normal 
voltage. 

The principle of operation of this combination is 
quite simple. If the distribution of generating capacity 
is such that the bus voltage will not drop below approx- 
mately 75 per cent of normal, the current to a fault 
near the bus must necessarily be high. On the other 
hand, if the magnitude and distribution of the generat- 
ing capacity is such as to permit only a small current to 
flow to the fault, the bus voltages near this fault must 
necessarily be very low. As a result, either the over- 
current or the undervoltage relay is sure to operate with 
a fault so located as to demand their operation for 
proper clearing. In order to fully meet the various 
conditions existing in practise, both the over-current 
and the undervoltage relays have a suitable range of 
adjustment. 

Fig. 4 shows one application of the fault detecting 
relay. In this application, operation of the line pro- 
tective relay under heavy load conditions is prevented 
because the current coils of the relay are short-circuited. 
The fault detecting relays, when deenergized, permit 
the back contacts of the auxiliary relay to short-circuit 
the line relays. The fault conditions on the system 
cause the contacts of one or more elements of the fault 
detector relays to close, thus energizing the auxiliary 
relay and removing the short circuit from the im- 
pedance relay. Then the impedance relay is permitted 
to function and will operate if the impedance between 
the station bus and the fault is sufficiently ‘ow. 

Thus, after a fault on the system has occurred, all 
impedance relays on the system are connected into 
service, permitting the one nearest the fault to open the 
cireuit breakers on the faulty section. Since the im- 
pedance relay current coils are normally short-circuited, 
they may be set on the one-ampere tap although maxi- 
mum load currents may be five amperes. "This scheme 
has a second advantage, in that the relay burden is 
removed from the current transformers except under 
fault conditions. 

PHASE-TO-GROUND FAULT PROTECTION 

Advantages of Ground Relays. The advantages 
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resulting from application of ground relays for pro- 
tection of transmission circuits are now well established. 
These advantages may be briefly itemized as follows: 

a. Ground relays operate on residual currents and 
so may be given a more sensitive setting than can the 
relays protecting against line-to-line faults. 

b. These sensitive settings are necessary because 
the magnitude of ground currents may be reduced below 
that value necessary to cause prompt operation of the 
relays normally protecting against line-to-line faults 
either by impedance in the neutral connections of the 
transformer banks by resistance at the point of fault 
or by the high earth return impedance. 

c. A high percentage of faults on transmission line 
cause ground current to flow. Thus, the residual 
relay, with its relatively quick timing, increases the 
speed of clearing a large percentage of the faults. 

d. When this relay is used, those protecting against 
phase-to-phase faults act as a back-up protection. 
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Fic. 4—APPLICATION OF IMPEDANCE RELAYS FOR PROTECTING 
SYSTEMS WHERE FAULT CURRENT Is LESS THAN FvLL-Loap 
CURRENT 


e. On certain types of system connections, an in- 
verse-time over-current residual-current relay may be 
used and the distribution of ground current is such as 
to cause the relays closest to the fault to operate 
always very quickly. 

Distribution of Residual Currents. On a system 
where the neutrals of all equipments are solidly 
grounded, the distribution and magnitude of fault 
currents differ depending on the type of faults. Asa 
result of this, the study of phase-to-phase fault condi-. 
tions may not be sufficient to permit accurate setting 
of relays used for protection against phase-to-ground 
faults. In many cases, a special study is required to. 
determine the distribution of ground current, and this 
study quite frequently shows that protective equipment 
which is superior to that available for phase-to-phase: 
fault may be applied for protection against phase-to- 
ground faults. 

The Method of Symmetrical Components (phase- 
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sequence) for analyzing fault conditions on trans- 
mission lines,—developed by C. L. Fortescue,? simpli- 
fies this otherwise complicated problem. The magni- 
tude of residual currents may be determined with little 
more effort than that required for the determination of 
the positive phase sequence quantities corresponding 
to a three-phase fault. To show the desirability of 
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Fic. 5—SysrTEM LAYOUT FoR ILLUSTRATING CURRENT 
DISTRIBUTION 


making this separate study, and to illustrate applica- 
tion of ground relays, a few results of a study of a simple 
system are given. 

The system used in these calculations is shown in 
Fig. 5. At one end of the system a generator is shown 
connected through a transformer bank, and at the other 
end of the system a generator is connected directly to 
the system. This has been done to illustrate that some 
difference exists depending on whether the generator is 
connected directly to the system or through a trans- 
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JAn 822 
Fic. 6—FAULT-CURRENT DISTRIBUTION DIAGRAM 


Showing effect of grounding the neutral of substation power banks 


former bank. The reactance of both the generator 
alone, and of the generator in combination feeding 
through the transformer bank has a total impedance of 
15 per cent. 

The transformer banks at the substations are in 
some cases, assumed to be connected star-delta with 
solidly grounded neutrals, so that they have the effect 
of grounding transformer banks on the system. To 
illustrate the effect of these banks as compared to 
delta-connected banks, certain calculations have also 
been made with the transformer banks disconnected 
from the substation busses. 


2. A. L E. E. Trans., 1918, Vol. X XXVII, Part 2, p. 1027. 
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Fig. 6 illustrates the distribution of conductor cur- 
rents throughout the system with a fault located be- 
tween Stations B and C on phase A conductor of one 
of these parallel lines. Fig. 7 illustrates the distri- 
bution of conductor currents for a similar fault; but 
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Conditions identical with those shown in Fig. 10 except that substation 
transformers have been removed. Generator No. l[has been replaced 
by an equivalent impedance 


7—Favu_Lt-CurRRENT DISTRIBUTION DIAGRAM 


here, the substation transformer banks are assumed to 
be delta-delta connected. JI,, Ip, and Ic are the phase 
currents and those marked J, are the generator and 
transformer bank neutral currents. 

By comparing these two figures it will be seen that 
the magnitude and distribution of conductor current is 
radically changed, depending upon whether the sub- 
station transformer bank neutrals are solidly grounded 


Fig. 8-—A COMPARISON OF FaurLT-CuRRENT DISTRIBUTION 
WITH IDENTICAL FAULT LOCATION 


A—Three-phase fault-current distribution 

B—Residual-current distribution with grounding transformers on a 
line-to-ground fault 

C—Residual-current distribution without transformer banks on a 
line-to-ground fault 


or not. In Fig. 6 the biggest portion of the ground 
current flows through the neutrals of the substation 
transformer banks adjacent to the fault. The banks 
farthest from the fault pass only a small amount of 
residual current, the magnitude decreasing as the 
distance to the fault increases. This residual current 
distribution will vary depending upon the relative 
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impedances of the transformer banks and transmission 
lines to the flow of zero-phase sequence current, and 
therefore demands special study. 

Fig.*<8 illustrates the difference in current distri- 
bution, depending on the type of faults and type of 
system. Fig. 8A shows the distribution of current 
for a three-phase fault. Fig. 8B illustrates the distri- 
bution of residual current for a fault located as shown 
on Fig. 6. The values shown in Fig. 8B are equal to 
three times the zero-phase sequence current. They 
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Fic. 9—DIRECTIONAL LINE AND GROUND PROTECTION FOR 
ONE THREE-PHaAsE LINE 


are therefore the residual currents which would flow 
through the relay coils of the ground relays. It is to 
be noted that here the current in the relays on the 
faulty section is much greater than that in any other 
relays on the system. This is true irrespective of 
whether the lines are connected in parallel or whether 
one line is disconnected from service. Fig. 8C 
illustrates the residual current which would flow through 
the ground relay coils for a fault located as shown on 
Fig. 7. 

Figs. 84 and 8C resemble each other very closely, 
the only difference being due to the increased reactance 
of the transmission line for phase-to-ground fault con- 
ditions over the reactance for a three-phase fault. 
As a result, on systems corresponding to Fig. 8C, 
the same system of relaying has been generally used for 
protection against phase-to-ground fault as is used for 
protection against phase-to-phase faults. The greatest 
advantage of ground relays may be obtained from the 
current distribution as shown in Fig. 8B. Here, 
definite advantages in selectivity, speed of clearing, 
and sensitivity may be obtained by the use of ground 
relays. A comparison of Figs. 8A and 8B will il- 
lustrate that the use of ground relays with proper 
characteristics would assist materially in securing 
suitable relay protection on a system of this type. 

Definite-Time Ground Relays. Fig. 9 shows a dia- 
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gram of connections for relays suited to the protec- 
tion of a system with current distribution similar to 
that shown in Fig. 8B. This diagram shows selective 
relays applied as for protection against single-line 
operation. Standard directional relays are used for 
protection against phase-to-phase faults. The direc- 
tional ground relay is of the low energy’ type with 
low-current setting. It also differs from the directional 
relays used for protection against phase-to-phase 
faults, in that maximum torque is obtained on the 
directional element of the ground relay when the relay 
current lags behind the relay potential. For parallel 
lines, balanced protection is desirable. 

Fig. 10 shows the distribution of residual currents in 
the system as shown in Fig. 7, except that a fault 
impedance of 10 per cent resistance is present. The 
vector diagrams at the various substation busses and 
at the faults are shown. As may be seen from this, 
the phase displacement between the residual voltage 
and the residual current on this system will always be 
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Fic. 10—CurrRENT DISTRIBUTION AND VECTOR RELATIONS 
EXISTING WITHIN RELAYS 


For system as shown in Fig. 11 and with a 10 per cent fault resistance 


90 deg. so long as the system impedance is pure 
reactance. 


If this were true for all systems, the theoretically 
correct relay to use would be one in which the maximum 
torque is obtained when there is a phase displacement 
of 90 deg. between voltage and current. On the actual 
system, resistance is present in the transmission lines 
and equipment. This will tend to decrease the dis- 
placement angle. Under conditions where the phase- 
to-ground fault has no resistance and the neutrals of 
the transformer banks or generators are grounded 
through a high resistance, it is theoretically possible for 
the residual current and the residual voltage to be in 
phase, so that the unity power factor condition should 
cause the maximum torque. It is therefore desirable 
that this type of relay should secure the maximum 
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torque at some angle lying in between zero and 90 deg. 
so as to be applicable to any system conditions. Until 
recently relays commonly used for this purpose have 
had approximately true watt characteristics, and it 
was possible for these relays to operate improperly under 
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Fic. 11— DIRECTIONAL OvER-LOAD AND DIRECTIONAL GROUND 
PROTECTION 


Using definite time, residual, over-current relays and low-tension poten- 
ual transformers 

Rear view "ORC" directional ground relay is shown in lower left-hand 
corner 


certain fault conditions. Where such a relay is now 
in use, it may be desirable to insert a phase shifting 
device in its potential circuit so as to obtain the proper 
phase relation. 


tha Trip For Fault In This Direction 


f Meters, Over- 
palit aoe 
JypeCWC Fel etc. 

Ground 
Fig. 12—TyricaL DIAGRAM OF CONNECTIONS FOR GROUND 


Protecrion UsiNG THE INVERSE TIME, RESIDUAL, OVER- 
CURRENT, GROUND RELAY 


In order to avoid using high-voltage potential trans- 
formers, the connections shown in Fig. 11 may be 
employed. As illustrated by Figs. 6 and 8B, the 
current flowing through the fault is largely supplied 
through the neutral of the transformer bank nearest 
the fault. Thus, instead of using a potential as shown 
in Fig. 9, the neutral current from the power banks 
may be used to determine the relative direction of 
current flow in a line. The currents in the line and in 
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the neutral of the transformer bank are approximately 
in phase, so that the relay should be so designed as to 
have the maximum torque when the currents in the 
residual circuit of the current transformers and in the 
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dD 
Lecation Of Fault 
Fic. 13—Propvuct or TRANSFORMER BANK NEUTRAL CURRENTS 
AND REsIDUAL LINE CURRENTS 


For any fault location and for phase-to-ground faults for the system 
shown on Fig. 9 


neutral connection of the power banks are in phase. 
The connections shown in either Fig. 9 or Fig. 11 are 
equally good in determining the location of the fault. 
Inverse-Time Ground Relays. The diagram shown 
in Fig. 12 is an alternative for, and under certain 
conditions, an improvement over that shown in Fig. 
11. This scheme was first devised and put into ser- 
vice by Mr. Roy Wilkins? The residual relays used 
here are inherently directional and in addition, operate 
with an inverse characteristic that is quite suitable for 
systems where the neutrals of all transformer banks are 
solidly grounded, as illustrated in Fig. 8B. Fig. 13 
shows the operating torque on the relays for the sys- 
tem as shown in Fig. 6. The curves plotted in Fig. 13 
are the products of the current in the transformer bank 
times the current in the line at any point on the system. 
This is the product which would tend to operate the 
residual current relay when connected as shown in 
Fig. 12. The operating tendency of the relay de- 
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Fia. 14—Typicat DIAGRAM OF CONNECTIONS FOR THE RESIDUAL 
| VOoLT-ÀMPERE RELAY 

creases rapidly as the fault approaches the adjacent 

substation bus, so that the quickest acting relay is 

that which is closest to the fault. In this respect, the 

relay has the characteristic of the impedance relay. 


3. Electrical World, November 22, 1924, p. 1101. 
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After the breaker closest to the fault has cleared, the 
current through the relay on the far end of the faulty 
section increases and causes increased operating torque. 

A modification of the connections shown in Fig. 12 is 
that shown in Fig. 14. Here, a volt-ampere relay is 
used. The relay depends upon the principle that the 
product of the residual current and the residual voltage 
is greatest when the fault is close to the relay, with the 
result that the relay closest to the fault operates fastest. 
In addition to this, the relay is directional. 

On a system as shown in Fig. 8C, the residual volt- 
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Fie. 15a4— DiAGRAM SHOWING CONNECTIONS FOR A COMPLETE 
RELAY SCHEME APPLICABLE TO A COMPLEX INTERCONNECTING 
SYSTEM 


age, or three times the zero phase sequence voltage, 
increases from each end of the transmission line to the 
fault. The vector diagrams given in Fig. 10 illustrate 
the largest product closest to the fault. 

The operating forces on this relay would be similar 
to that shown in Fig. 18 and would apply to the system 
shown in Fig. 5. Quite clearly, the relay closest to the 
fault would operate much faster than any other relay 
on the system. This is true if the relay is so designed 
that the torque is proportional to the product of zero 
phase sequence currents and potentials as mentioned 
above in the discussion of the phase relations in the 
directional relay in connection with Fig. 10. 

This volt-ampere product may be obtained quite 
accurately by an approximation. The unbalanced 
voltage, or zero phase sequence voltage which is used 
on the relay, is usually due to the drop through trans- 
former banks plus transmission lines up to the relay. 
The phase angle between this voltage and the residual 
current may be as much as 80 deg. "Taking this as 
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the maximum, one may set the relay so as to secure the 
maximum torque when the phase displacement is 55 
deg. The conditions of the system may then change so 
that the phase displacement varies from 80 deg. (0.174 
power factor) to 30 deg. (0.867 power factor) without 
introducing a volt-ampere error of more than 10 per 
cent. 


A TYPICAL RELAY INSTALLATION 


Fig. 15A represents a composite picture of relays suit- 
able for application to a system as shown in Fig. 5. 
Impedance relays are used for protection against phase- 
to-phase faults, so that the maximum time of relay 
operation is three-quarters of a second. The average 
time will be much less than that and will approach very 
closely the timing obtained by parallel-line protection. 

Potential for these devices may be obtained from low- 
voltage potential transformers with suitable compensa- 
tors, from high-voltage potential transformers, or from 
a tap on the condenser bushing of the circuit breaker. 
The voltage thus obtained is higher than desirable, 
and must be reduced and its phase shifted by means of a 
small stepdown transformer and network, according to 
a method developed by J. F. Peters. 

The load conditions on the system here shown are 
assumed to be such that fault currents of less than full- 
load magnitude must be guarded against. For this 
reason, low-current setting impedance relays are used 
and‘,these relays are normally short-circuited by the 
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auxiliary relay contacts. The fault detector relays 
operate under conditions of either over-current or 
under-voltage to remove this short circuit from the 
impedance relay coils. The residual relay is used to 
obtain the selective timing necessary for protection 
against phase-to-ground fault. In addition to the 
inverse time residual relay, an instantaneous over- 
current relay has been added to increase the speed of 
operation over that afforded by the residual relay for 
certain fault conditions. For this particular applica- 
tion, a directional instantaneous over-current relay 
was necessary and the directional element has therefore 
been included in a separate case. 


Feb. 1928 


This protective scheme compares very favorably with 
the ideal system for interconnections as previously 
specified. It has the following advantages: 

1. The quick clearing of faults. 

2. System operating set-up does not affect relay 
operation. 

3. Relay system permits unlimited system exten- 
sions and revisions without necessitating increased 
relay timing. 

4. The relay system should necessitate little or no 
change on the installed relay equipment protecting 
the individual systems combined by the interconnection. 

5. Relays afford protection against bus faults. 

6. Back-up protection against faulty operation of 
relays or breakers is afforded by this system of 
protection. 

7. High-voltage potential transformers are not re- 
quired. The breaker equipped with bushing type 
current transformers supplies both current and potential 
for the relays. Potential may also be obtained from 
low-voltage potential transformers. 

8. The relay equipment is simple, standard, and 
economical. 


BEAM OF ELECTRONS 

SHOWS DIFFRACTION EFFECTS IN 

SCATTERING EXPERIMENTS 

REPORTED BY DR. DAVISSON TO PHYSICISTS 

Experiments conducted at the Bell Telephone 
Laboratories in New York, N. Y., have brought to light 
the fact that a moving beam of electrons partakes in 
some way of the nature of a wave motion. The work 
there by Dr. C. J. Davisson and Dr. L. H. Germer shows 
that electrons when reflected from a single crystal of 
nickel scatter in certain definite directions in a manner 
analogous to the crystal scattering of a beam of X-rays. 

“The scattering of X-rays by a crystal results in the 
production of strong scattered beams in just certain 
directions," Dr. Davisson stated, "and this fact has 
been explained always on the hypotheses that X-rays 
are an electromagnetic wave disturbance of the same 
sort as radio waves and visible light. Our experiments 
show that a beam of electrons gives these same effects. 
The inference seems to be that there is some sort of a 
wave-motion associated with the motion of a beam of 
electrons." 

The experiments showed that the observed wave 
length of the electron beam was exactly that which is 
predicted by the quantum theory as developed by 
L. De Broglie, E. Schroedinger and others. This 
wavelength is numerically equal to Planck's constant 
of action divided by the momentum of the electron. 
Describing the experimental method, Dr. Davisson 
explained that the source of the electrons was a hot 
filament just as in ordinary radio thermionic tubes. 
These were accelerated by a positive grid voltage which 
could be varied at will. The voltages used ranged from 
about 50 to 375. The beam of electrons impinged on a 
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nickel crystal, and some of them were absorbed in it; 
others were scattered back from the surface of the 
crystal. Of those scattered back, some come back 
without having lost any speed. A little collecting 
device was arranged so that it could be moved to va- 
rious positions in front of the 
° crystal to find how many 
electrons were scattered in 
the various directions with- 
out loss of speed. 

“The situation confronting 
physicists with regard to 
electrons is now something 
like the dilemma confronting 
the theory of light,” the 
speaker declared. “For 
many years all the facts con- 
cerning light could be ex- 
plained by assuming it to 

Fic. 1 be simply a wave motion. 

Then the quantum theory, in the hands of Planck, 
Einstein, and A. H. Compton, showed that radiation 
had to be regarded also as having something corpuscular 
about it. Similarly, for many years electrons were 
believed to be simply corpuscles of negative electricity. 
But now, recent developments in quantum theory, 
confirmed by these experiments, show that there is 
something wave-like about them." 

A full account of this work appears in the December 
1927, Physical Review and in the January 1928, Bell 
System Technical Journal. 

Fig. 1 shows the arrangement for causing a stream of 
electrons to strike the nickel incidence and the col- 
lector which could be moved around to measure the 
numbers of electrons scattered in different directions; 
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and Fig. 2, a typical set of experimental curves showing 
the gradual development of a spur of diffracted electrons 
at 50 deg. and 54 volts. The power curves show how 
this diffracted beam depends on the azimuth of the 
collector relative to the axes of the crystal structure. 


INSTITUTE AND RELATED ACTIVITIES 


Winter Convention Has Notable Program 


Great interest has developed in the Winter Convention of 
the Institute which will be held in New York City, February 
13-17, with headquarters at the Engineering Societies Building. 
The technical sessions are especially noteworthy and in addition, 
there will be lectures, inspection trips, medal presentations and 
social features. 


Technical Sessions 


The technical papers and lectures will include as subjects, 
eleetrophysies, dielectrics, operation of interconnected power 
systems, insulators, magnetism, electrical machinery, trans- 
atlantic telephony, telegraphy, loud speakers, automatic sub- 
stations, control and protective apparatus, synchronizing devices 
and arc welding. 

Details of the technical sessions are published in the 
accompanying program of events. 


Symposium on Interconnection 


Great interest is being manifested in the session on Tuesday 
morning, February 14, on the subject of operating interconnected 
power systems. This subject will be presented in papers by four 
outstanding engineering executives representative of different 
practises in four parts of the country. Prepared discussions 
will be presented by several other well versed engineers. 


Telephone Communication with London 


Telephone communication with the British Institution of 
Electrical Engineers, meeting simultaneously in London, is to 
be one of the outstanding features of the convention. This 
event is scheduled for Thursday morning, February 16. The 
session will open with two papers on transatlantic telephony 
as announced in the accompanying program. 

Following these papers there will be an exchange of greetings 
over the New York-London radiotelephone circuit between 
Bancroft Gherardi, President of the American Institute of Elec- 
trical Engineers, and Archibald Page, President of the British 
Institution of Electrical Engineers. Greetings will also be 
exchanged between Dr. F. B. Jewett, Vice President of the 
American Telephone and Telegraph Company, and President 
of the Bell Telephone Laboratories, in charge of the development 
work done in this country leading to the establishment of the 
transatlantic service, and Colonel T. F. Purves, Chief Engineer 
of the British Post Office, who has charge of the development 
work done in England in this matter. 

Arrangements are being made for these exchanges of greetings 
to be heard by those present at the session of the A. I. E. E. in 
New York, and also by the members of the Institution of Electri- 
eal Engineers, who will be having & regular afternoon meeting 
in London, simultaneous with the New York meeting. 

Following this two more technieal papers will be presented as 
shown in the program." 


Lecture by Dr. Swann 


An outstanding event will be a lecture on “The Earth's 
Eleetrie Charge," to be given by Dr. W. F. G. Swann on Monday 
evening, February 13. Dr. Swann, who is Director of the Bartol 
Research Foundation of the Franklin Institute, is an entertaining 
speaker as well as a high authority on subjects pertaining to 
eleetrophysies. 


Lecture by Dr. Norinder 
Dr. Harold Norinder, of Upsala, Sweden, well known in this 


country for his studies of lightning diseharges and other matters, 
will furnish one of the interesting points of the meeting. He will 
deliver a lecture in the session on the afternoon of February 14, 
his subject being ‘‘The Cathode Oseillograph as Used in the 
Study of Lightning and Other Surges on Transmission Lines." 


John Fritz and Edison Medals 


Two of the most highly desired rewards for engineering ac- 
eomplishments will be presented on the evening of Wednesday, 
February 15. The John Fritz Medal will be presented to General 
John J. Carty, and the Edison Medal to Dr. William D. Coolidge. 
The presentation eeremonies will inelude an address by Dr. 
Michael I. Pupin who will outline the achievements of Dr. 
Coolidge; the presentation of the Edison Medal by President 
Gherardi of the Ameriean Institute of Electrical Engineers, and 
the response of the medalist; the announcement of the John 
Fritz Medal award by Chairman J. V. W. Reynders of the Board 
of Award; an outline of the achievements of General Carty by 
Bancroft Gherardi; the presentation of the John Fritz Medal by 
Robert Ridgway, Chairman of the Board when the award was 
made, and the response of General Carty. 

Details of the award of the John Fritz Medal were published 
in the November JoURNAL, page 1290. An announcement of the 
award of the Edison Medal is published in the January JOURNAL, 
page 75. 


Inspection Trips 


Quite a number of inspection trips have been planned, most 
of which will be taken on Thursday afternoon, February 16, 
though some of the places may be visited at other times by pre- 
arrangement. Among the trips which are planned are those to 
the following places. ` 
132-kv. cable installation at Hell Gate Station of the United Elec- 

trie Light and Power Company. 

“Armor-Clad” switchgear—East 172nd street station of the 
New York Edison Company having only this enclosed 
type of construction. 

System operators switchboard, Waterside Station, New York 
Edison Company. 

132-kv. switching station (Hudson Station) and Kearny Station 
of Public Service Electric & Gas Company. 

Hudson Avenue Station and A-C. network equipment of Brook- 
lyn Edison Company. 

East River Station of New York Edison Company. 

Broadcasting studio of National Broadcasting Company. 

A-c. network switches of United Electric Light & Power 
Company. 

The Roxy Theater. 

The Electrical Testing Laboratories. 

Demonstration of television—Bell Telephone Laboratories. 

Telephotography—American Telephone & Telegraph Company. 

Steamship Mauretania. 

The Holland Tunnel. 

Ford Assembly plant, Kearny, N. J. 

Cable plant of Western Electric Co. 


Dinner-Dance 


That enjoyable social function, the annual dinner-danee, will 
be held on the evening of Thursday, February 16, in the main 
ball room of the Hotel Astor. This is an institution which needs 
no recommendation. It is sufficient to say that it will be held in 


152 


Feb. 1928 


the spacious Astor ball room, the meal will be excellent and ‘‘The 
Vagabonds,’’ one of the best dance orchestras in New York, will 
furnish the music. Tickets will be $6.00 per person. 


The Smoker 

A delightfully informal event will be the Smoker, to be held 
on Tuesday evening, February 14, in the Belvedere of the Hotel 
Astor. Every effort is being made to make the program for this 
evening unusually attractive, and at the same time to eliminate 
the confusion and crowding which have occurred in some former 
smokers. The committee feels that this can be done and without 
an increase in the former price of $2.00 per person. 


Reduced Railroad Rates 

Special railroad rates will be available to out-of-town visitors 
to the convention, under the certificate plan. Under this plan, 
each person should request a certificate when purchasing a one- 
way ticket to New York. Presentation of this certificate at 
Convention headquarters will entitle the holder to a half-rate 
fare for the return trip over the same route, provided 250 certifi- 
eates are registered at the Convention. 

When purchasing tickets members or guests should advise 
their ticket agents that they will attend the A. I. E. E. Conven- 
tion, and should ask for the certificates. Families of members 
attending the Convention are entitled to certificates also. Ona 
few limited trains the return tickets purchased at reduced rates 
will not be honored. Tickets must be purchased within a limited 
number of days prior to the meeting and return tickets must be 
used within a limited time after the meeting. The limiting dates 
depend upon the location of the purchaser. Information on 
these and other details may be obtained from ticket agents. 
Immediately upon arrival in New York, certifieates should be 
deposited with the endorsing officer at Convention headquarters. 


All Visitors Should Get Certificates 
Everyone should obtain a certifieate, whether he will use it 
or not, for failure to do so may deprive others coming long 
distances of the saving in railroad fare made possible by this 
provision. 
Hotel Reservations 


Requests for hotel reservations should be made at as early 
& date as possible. Applieation should be made directly to the 
desired hotel. 

Convention Committees 

The plans for the meeting are being handled by the following 
general committee and subcommittees: 

General Committee—G. L. Knight, Chairman; J. B. Bassett, 
H. P. Charlesworth, H. W. Drake, W. S. Gorsuch, H. A. Kider, 
E. B. Meyer, L. W. W. Morrow and R. H. Tapscott. 

Entertainment Committee—J. B. Bassett, Chairman; L. B. 
Bonnett, H. C. Dean, J. F. Fairman, A. H. Inglis, C. R. Jones and 
A. H. Kehoe. 

Dinner-Dance Committee—H. C. Dean, Chairman; A. B. Clark, 
C. R. Jones, J. F. Kelley and F. A. Muschenheim. 

Smoker Committee—J. F. Fairman, Chairman; R. E. Dennis, 
H. W. Drake and W. S. Gorsuch. 

Inspection Trip Committee—A. H. Inglis, Chairman; W. B. 
Kirke, L. W. McCullough, W. R. Smith and F. Zogbaum. 

Program 
Monday Morning, February 13 
Registration. 
Committee Meetings. 
Monpay, 2:00 P. M. 
Electrophysics and Dielectrics 
Technical Session, under auspices of Committee on Electro- 
physics, Vladimir Karapetoff, Chairman. 
Surge Impulse Breakdown of Air, J. J. Torok, Westinghouse 
Electric & Mfg. Co. 
Influence of Internal Vacua and Iqnization om the Life Dura- 
tion of Paper-Insulated, High-Tension Cables, Alexander 
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Smouroff and L. Mashkileison, Electrotechnical Institute of 
Leningrad. 

Approximate Solution for Electrical Networks, E. A. Guillemin, 
Massachusetts Institute of Technology. 

The Boltzmann-Hopkinson Principle of Superposition, F. D. 
Murnaghan, Johns Hopkins University. 


Monpay, 8:00 P. Mm. 


LECTURE 


The Earth’s Electric Charge, W. F. G. Swann, Director of Bartol 
Research Foundation, Franklin Institute. 


TueEspDAyY, 9:30 A. M. 


Interconnection and Its Effect on Power Development 


Technical Session, under auspices of Committee on Power 
Generation, W. S. Gorsuch, Chairman. 

The following papers and discussion constitute & symposium 
on present-day practise and new developments of interconnec- 
tion in various parts of the United States. Some of the points 
to be considered are: (a) Effect on Plant Capacity and Size 
of Generating Units; (b) Economics of Operation; (c) Operating 
Features; (d) Stability and Reliability; (e) Load Dispatching and 
Load Control; (f) Technique of Interconnection Operation; 
(g) Physical Facts as to Interstate Power. 

The Conowingo-Hydro-Electric Project of the Philadelphia 
Electric Company’s System—with Particular Reference to 
Interconnection, W.C.L. Eglin, The Philadelphia Electric Co. 

Progress and Problems from Interconnection in the Southeastern 
States, W. E. Mitchell, Georgia Power Co. 

Some Aspects of Pacific Coast Interconnections, P. M. Downing, 
Pacific Gas & Electric Co. 

Interconnection and Power Development in Chicago and the 
Middlewest, H. B. Gear, Commonwealth Edison Co. 

Discussion of the papers and the subject of interconnection 
in general will be presented by the following: 

Charles L. Edgar, Edison Electric Illuminating Company of 
Boston. 

A. C. Marshall, The Detroit Edison Co. 

John W. Lieb, New York Edison Company. 

James Lyman, Sargent & Lundy ,Inc. 

Farley Osgood, Consulting Engineer. 

E. C. Stone, Duquesne Light Co. 

G. N. Tidd, American Gas & Electric Co. 

L. W. W. Morrow, Electrical World. 

W.S. Lee, Southern Power Co. 

R. F. Schuchardt, Commonwealth Edison Co. 

C.F. Hirshfeld, Detroit Edison Co. 

F. A. Allner, Pennsylvania Water & Power Co. 


Tuespay, 2:00 P. M. 
Technical Session on Miscellaneous Subjects 

The Saturation Permeameter, S. L. Gokhale, General Electrie Co. 

Manufacture and Magnetic Properties of Compressed Powdered 
Permalloy, W. J. Shackelton, Bell Telephone Laboratories, 
and I. G. Barber, Western Electric Co. 

Effect of Humidity on Dry Flashover Potential of Pin-Type 
Insulators, J. T. Littleton, Jr., and W. W. Shaver, Corning 
Glass Works. 

The Cathode Oscillograph as Used in the Study of Lightning and 
Other Surges on Transmission Lines, Lecture by Harold 
Norinder. 

TueEspay, 8:00 P. M. 


Smoker and Entertainment 
WEDNESDAY, 10:00 a. M. 
Electrical Machinery 


Technical Session, under auspices of Committee on Electrical 
Machinery, F. D. Newbury, Chairman. 

Synchronous Machines—IV, R. E. Doherty and C.'A. Nickle, 
General Electric Co. 
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Calculation of Armature Reactance of Synchronous Machines, 


P. L. Alger, General Electric Co. 

Reactances of Synchronous Machines, R. H. Park and B. L. 
Robertson, General Electric Co. 

The Thermal Volume Meter, C. J. Fechheimer and G. wW. did 
Westinghouse Electric & Mfg. Co. 


WEDNESDAY, 2:00 P. M. 


Electrical Machinery 


. Technical Session, under the auspices of Committee on Electrical 
Machinery, F. D. Newbury, Chairman. 

Recent Improvements in Turbine Generators, S. L. Henderson and 
C. R. Soderberg, Westinghouse Electric & Mfg. Co. 

Design and Application of Two-Pole Synchronous Motors, D. W. 
MeLenegan and I. H. Summers, General Electric Co. 

Heat Losses in the Conductors of a D-C. Armature, W. V. Lyon, 
E. Wayne and M. L. Henderson, Massachusetts Institute of 
Technology. 

Effect of Transient Conditions on Application of D-C. Compound 
Motors, L. R. Ludwig, Westinghouse Electric & Mfg. Co. 


WEDNESDAY, 8:30 P. M. 
Presentation of John Fritz and Edison Medals. 


Tuurspay, 9:30 a. M. 


Communication 


Technical Session, under auspices of Committee on Communica- 
tion, H. W. Drake, Chairman. 
Transatlantic Telephony— The Technical Problem, O. B. Blackwell, 
American Telephone & Telegraph Co. 
Transatlantic Telephony—The Operating Problem, K. W. Wat- 
erson, American Telephone & Telegraph Co. 
Following these papers there will be an exchange of greetings 
over the New York-London radiotelephone circuit as described 
in"detail in a foregoing paragraph. 
Loud Speakers of High Efficiency and Load Capacity, C. R. 
Hanna, Westinghouse Electric & Mfg. Co. 
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Certain Topics of Telegraph Transmission Theory, H. B. Nyquist, 
American Telephone & Telephone Co. 


'ITHunsDAY, 1:30 AND 2:30 P. M. 
Inspection ‘Trips. 


THURSDAY, 7:30 P. M. 


Dinner-Dance. 
Fripay, 10:00 a. M. 


Control and Protective Equipment and Substations 


Technical Session, under auspices of Committee on Protective 
Devices, F. L. Hunt, Chairman. 

Automatic Control of Edison System, O. J. Rotty, United Electrie 
Light and Power Co., and E. L. Hough, General Electric Co. 

Protection of Supervisory Control Lines Against Overvoltage, 
Edward Beck, Westinghouse Electric & Mfg. Co. 

1926 Lightning Experience on 132-Kv. Transmission Lines, 
Philip Sporn, American Gas & Electric Co. 

Vacuum-Tube Synchronizing Equipment, T. A. E. Belt and N. 
Hoard, General Electric Co. 

Use of Condenser Type Bushing in Synchronizing, E. E. Spracklen, 
Ohio Public Service Co., and D. E. Marshall and P. O. 
Langguth, Westinghouse Electrie & Mfg. Co. 


Fripay, 2:00 P. M. 


Arc Welding 

Technical Session, under auspices of Committee on Electric 
Welding, J. C. Lineoln, Chairman. 

Effects of Surface Materials on Metallic Arc-Welding Electrodes, 
J. B. Green, Fusion Welding Corp. 

Arc Welding—Influence of Surrounding Atmosphere on the Arc, 
P. Alexander, General Ele»trie Co. 

Arc-Welded Structures and Bridges, A. M. Candy, Westinghouse 
Electric & Mfg. Co. 

Welding and Manufacture of Large Electrical Apparatus, A. P. 
Wood, General Electric Co. 


St. Louis Regional Meeting March 7-9, 1928 


[ The Regional Meeting to be held in St. Louis, March 7-9, 
1928, by the South Western District of the Institute, will offer 
many timely subjects in its technical program as well as very 
enjoyable social features. The Hotel Coronado has been chosen 
as an ideal headquarters for this meeting. 


TECHNICAL SESSIONS 


A selection of very interesting technical papers has been made 
for the meeting. The technical sessions will be divided into 
four meetings on the general subjects of electrical machinery, 
power systems (a and b), and communication. Only four papers 
are assigned to each session, with the idea of avoiding the crowd- 
ing of too many papers into a single meeting, which often means 
the suppression of interesting and instructive discussion. 

The titles of all papers are given in the accompanying program 
of events. 


INSPECTION TRIPS 


Thursday afternoon, March 8, has been set aside for inspection 
trips. These will include a visit to the new Cahokia steam 
generating station, with its large outdoor high-voltage substa- 
tions. Trips will also be made to some of the unique automatic 
stations in St. Louis, which are of the railway type, the three- 
wire d-c. Edison type, and the straight a-c. type. 


The various manufacturers of electrical apparatus will be 
open for inspection trips, as well as other industrial plants such as 
glass works, steel works, mines, ete. 

The new Bell Telephone Bnilding, w:th automatic switching 
equipment and telephotographic apparatus will also be available 
for inspection. 

LECTURE AND ENTERTAINMENT 


On Wednesday evening, March 7, there will be a special 
entertainment to be held at the Engineers’ Club Building. 
The first part of the entertainment will consist of a popular talk 
by F. W. Peek, Jr., on "Lightning" well illustrated by lantern 
slides and moving pictures. This will be followed by music and 
other entertainment. An orchestra will be provided for those 
who care to dance and all the facilities of the Engineers’ Club 
will be open to the guests. Refreshments will be served. 


DINNER-DANCE 


On Thursday evening, March 8, a dinner-dance will be held 
in the Pa Lido of the Coronado Hotel. 

There will be a very short address by Bancroft Gherardi, 
president of the Institute, followed by a well known humorist. 

The remainder of the evening will be devoted to dancing, 
using the famous Coronado Pa Lido, together with its large 
orchestra and entertaining features. 


Feb. 1925 


PROGRAM OF SAINT LOUIS MEETING 


WEDNESDAY MonNiING, Marca 7 
Registration 9:00 a. m. Committee Meetings 


Branch Conference and Student Technical 
Session 9:15 a. m. 


FRorEssoR Geo. C. SHAAD, Presiding 
WEDNESDAY, 12:15 P. M. 
Combined luncheon with St. Louis Electrical Board of Trade. 


Speaker Bancroft Gherardi, president A. I. E. E., Statler Hotel 
Ball Room. 


WEDNESDAY, 2:15 P. M. 
Hore, CORONADO 


Technical Session on Electrical Machinery 
A. E. Bettis, Presiding 


Address of Welcome, A. E. Bettis, Vice President, A. I. E. E. 
Southwestern District. 

Remarks by National President, Bancroft Gherardi. 

l. Magnetic Leakage and Fringing-Flux Calculations, W. L. 
Upson and E. L. Furth, Washington University. 

2. Squirrel-Cage Motors with Split Rings, 
Wagner Electric Corp. 

3. Electric Equipment for Oil and Gas Locomotives, A. H. 
Candee, Westinghouse Elec. and Mfg. Co. 

4. The Squirrel-Cage Motor, J. L. Hamilton, Century Electric. 


H. Weichsel, 


WEDNEsDAY, 8:00 P. M. 

Le-ture and special entertainment, Engineers’ Club Building. 
Music, dancing, games, refreshments. 

The lecture is by F. W. Peek, Jr. of the Transformer Engineer- 
ing Department, General Electrice Company, Pittsfield, Mass. 
Subject ^" Lightning." 

This is to be a popular talk, well illustrated with lantern 
slides and moving pictures. Ladies are invited. 


Tuurspay MonNiING, Marcu 8 


Technical Session 9:15 a. m. 
Power Systems “A” 
L. F. WoorsroN, Presiding 


9. The Public Utility Laboratory and Its Relation to Service, 
G. E. Meredith and D. D. Clark, Kansas City Power and 
Light Co. 

6. Recent De PETS in the Application of Demand- Metering 
Equipment, Stanley Stokes and Leslie V. Nelson, Union Electric 
Light and Power Co. 

1. Excitation Systems—Their Influence on Short Circuit and 
Marimum Power, R. E. Doherty, General Electric Co. 

8. Voltage Regulators, R. M. Carothers and C. A. Nickle, 
General Electric Co. 


THURSDAY, 12:15 P. M. 
Luncheon at Hotel Coronado. 


THURSDAY AFTERNOON 
Inspection trips arranged to suit the convenience of guests. 


Tuurspay, 7:00 P. M. 
Dinner- Dance in the Pa Lido of the Coronado Hotel. 


Fripay, Marca 9 


Technical Session 9:15 a. m. 
Power Systems “B” 
S. M. DE Camp, Presiding 

9. Development of Impedance Relays, H. A. McLaughlin and 
E. O. Erickson, Westinghouse Elec. and Mfg. Co. 

10. Automatic Switching of Incoming Lines and Panarea 
Supplying Power to A-C. Sub-Stations, A. E. Anderson, General: 
Ele-trie Co. 
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11. Quantitative Mechanical Analysis for Power-System Tran- 
sient Disturbances, R. C. Bergvall and P. H. Robinson, 
Westinghouse Elec. and Mfg. Co. i 

12. Vibration of Transmission-Line Conductors, Theodore 
Varney, Aluminum Company of America. 


FRIDAY, 12:15 P. M. 
Luncheon, Coronado Hotel. 


FRIDAY AFTERNOON 


Technical Session 9:15 p. m. 
SESSION ON COMMUNICATION 
B. D. Hutt, Presiding 


13. Vector Calculating Devices, M. P. Weinbach, University of 
Missouri. 

14. Planning Telephone Exchange Plants, W. B. Stephenson, 
Southwestern Bell Telephone Co. 

15. Tuned Radio-Frequency Amplifiers, 
Glasgow, Washington University. 
16. Lecture on Television, 

Laboratories. 


Professor R. S. 


H. E. Ives, Bell Telephone 


Regional Meetings at Baltimore and 


New Haven 


Two coming Regional Meetings of the Institute which promise 
to be of great interest are those to be held at Baltimore, Mary- 
land, April 17-19, and New Haven, Connecticut, May 9-11, 
respectively. 

For the Baltimore Meeting three technical sessions are planned 
on the subject of insulation, the Gould Street Station of the 
Consolidated Gas and Ele»trie Company and the Conowingo 
development of the Philadelphia Ele*tric Company. 

At the New Haven Meeting an important subject on the tezh- 
nical program will be the application of relays and the instru- 
ments and methods used in determining proper application. 

Further details on these meetings will be published in later 
issues of the JOURNAL. 


Tour Through Yellowstone Park Proposed 


to Follow Summer Convention 


A most enjoyable tour has been proposed for Institute members 
and guests to follow the Summer Convention of the Institute in 
Denver, June 25-29. The Yellowstone National Park, with its 
many scenic wonders, willbe the main objective of this trip but 
other attractive places will be included. The tour will be so 
planned that members will have to make no train, hotel nor 
sightseeing arrangements. About three weeks will be required 
for the tour by members from the East, inclusive of time spent 
at theconvention. . 

It is believed. that many Institute members will take ad- 
vantage of this unusual opportunity to visit without the 
burden of detail, and in the congenial company of fellow members, 
same of the most wonderful sights of this country. 

.In order that some idea may be obtained of the possible num- 
ber who would attend, everyone who might be interested in such 
a tour is requested to communicate with A. I. E. E. headquarters. 
Further information will be sent to those who are interested. 


SUMMER CONVENTION PROGRAM 


An exceptional program is being planned for the Summer 
Convention. Although no definite arrangement is possible at 
this early date the present plans indicate that there will be 
technical papers on electrical transportation, communication, 
operation of electrical equipment at high altitudes, electrical 
measurements of non-electrical quantities and other timely 
subjects. The latest developments in all lines of electricity 
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will be recorded in the annual reports of the Institute Technical 
Committees which will be presented. The local committee 
also promises some fine entertainment for the visitors. More 
complete information will be published in later issues of the 
JOURNAL. 


Midwest Power Conference in Chicago 


February 14-17 


The third annual Midwest Power Conference will be held with 
headquarters at the Hotel Stevens, Chicago, Illinois, on February 
14-17. An excellent program is planned with a number of out- 
standing speakers. All sessions will be open to interested 
engineers. An outline of the program is published below and 
further information may be obtained from G. E. Pfisterer, 
Secretary, Midwest Power Conference, 930 Monadnock Building, 
Chicago: 


Tuespay, FEB. 14 


8:30 a.m. Registration. 

10:30 a. m. Session. 

Address of Welcome, Sewell Avery, Pres. Commercial 
Club of Chicago. 

Address by Major Rufus W. Putnam, Chairman of 
Power Conference. 

Address. Power, the Background of Today’s Civili- 
zation, Speaker: Glenn Frank, Pres. Univ. 
of Wis. 

General Session. ‘‘Powers Accomplishments in 
Factory and Home." 

America's Part in the Romance of Power, W. A. 
Durgin, Dir. Pub. Relations, Com. Edison Co. 

Drudgery Banished from the Home, Mrs. J. D. 
Sherman, Pres. Gen’l Federation of Womens 
Club. 

How to Make the Burden Bearer Bear the Burden, 
Burke Corcoran, Secy. Elec. Assn. of Chicago. 


11:00 a. m. 


2:00 p. m. 


WEDNESDAY, Fes. 15 


General Subject: ‘‘The Relation of Power Develop- 
ment to Flood Control and Other River 
Problems." 

The General Flood-Control Problems on the Missis- 
sippi System, Gen. Edgar Jadwin, Wash., D. C. 

Problems of Storage for Flood Control and for Power 
Development, D. W. Mead, Madison, Wis. 

Irrigation and Power-Development Problems on the 
Colorado River, Col. Kelly, Buffalo, N. Y. 

The Tennessee River Survey, Maj. L. H. Watkins. 

Navigation and Power Development on the St. 
Lawrence River, E. A. Forward, Cons. Engr., 
Montreal, Can. 

The Combined Use of Water and Steam Power, 
F. A. Allner, Genl. Supt. Penna. Water & 
Power Co. 

Progress and Trend in Hydraulic Power Developments, 
H. A. Hageman, Chief Hydraulie Engr., Stone 
& Webster. 

Annual Banquet, Hotel Stevens. 


9:30 &. m. 


2:00 p. m. 


7:00 p. m. 


'THunsDAY, FEB. 16 


9:45 a. m. Session: '' Economies of Power Stations." 

Capital Costs with Relation to Economy of Central 
Stations, Alex Dow, Pres. Detroit Edison Co. 

High Pressure Operation, G. A. Orrok, Con. Engr., 
N. Y. City. 

Trend and Development in Steam | Generation, 
Thos. E. Murray of Thomas E. Murray, Ine. 
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1:00 p. m. Luncheon Symposium. 

Underground Transmission Developments and the 
General Effect Upon Reliability of Service, 
H. B. Gear, Commonwealth Edison Co. 

Overhead Transmissions, Geo. F. Humphrey, 
West Penna. Power Co. 

Equipment for Power Transmission, A. C. Monteith, 
Westinghouse Elec. & Mfg. Co. 


2:00 p. m. Inspection trips. 
Fripay, Fes. 17 
9:45 a.m. Session: Economics of Power Stations. (Fuel, 


Combustion, etc.) 

Combustion Control in Industrial Plants, T. A. 
Peebles, Hagan Corp. 

Combustion Control in Central Stations, Chas. H. 
Smoot, Smoot Engr. Co. 

The Effect of Steam Reheating, Stage Feed Water 
Heating, and Boiler Reheating on Steam Turbine 
Practise and Development, Edward Brown, 
Allis-Chalmers Co. 

Embrittlement of Boiler Plate, S. W. Parr and F. C. 
Straub, U. of Ill. 


Revised Section No. 7 A. I. E. E. Standards 


Now Available 


A new and considerably revised edition of Section No. 7, 
A. I. E. E. Standards for Alternators, Synchronous Motors and 
Synchronous Machines in General, has just become available. 
This new edition embodies the changes made by the Section 
Committee on Rating of Electrical Machinery and also includes 
the work of the Sectional Committee on Alternators, Synchronous 
Motors, ete. This latter committee, organized as was the Rating 
Committee under the auspices of American Engineering 
Standards Committee, has been engaged in the work of re- 
vision of the first edition of the Alternator Standards with the 
purpose of eventually recommending them to American Engineer- 
ing Standards Committee for adoption as American Standard. 

The principle changes involved in this revision deal with the 
rating of general purpose motors and the calculation of natural 
frequency of synchronous machines. The cast of the new 
edition has not been changed. It is 40 cents with a 50 per cent 
discount to A. I. E. E. members. Those interested in this or 
other Standards should communicate with the Secretary of 
Standards Committee, A. I. E. E. headquarters and request the 
"Index of Standards” which gives scope of each section, prices, 
and list of reports on future Standards. 
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AMERICAN ENGINEERING COUNCIL | 


THE ANNUAL MEETING, WASHINGTON, D. C. 

The Annual Meeting of the American Engineering Council 
was held in Washington, D. C., at the Mayflower Hotel, January 
9-11, 1928. The various national, state and regional engineering 
societies, constituting the membership of the Council, were 
praetieally all offieially represented, attendance of delegates and 
others interested being approximately one hundred. President 
Dexter S. Kimball, of Cornell University, presided. 

The following constitutes a brief summary of the more im- 
portant actions taken: 

Appointment was announced of a Flood Control Committee 
to work with Congress and to study the whole national situation 
with a view to preventing disasters such as have occurred along 
the Mississippi and in New England. 

G. S. Williams is chairman. Other members are: Baxter L. . 
Brown, St. Louis; John R. Freeman, Providence, R. I.; past. 
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president of the American Society of Civil Engineers; Arthur E- 
Morgan, president of Antioch College, Yellow Springs; Ohio. 
A fifth member is to be appointed. 

The Committee will study the reports of the Engineer Corps 
and the Mississippi River Commission, and thoroughly famil- 
iarize itself with the problem so that it may be prepared to recom- 
mend appropriate action by the organized engineering profession 
of the United States. 

The Committee was instructed to cooperate with the Flood 
Control Committee of the House of Representatives, and to 
present the attitude of the American Engineering Council at 
Congressional hearings and elsewhere. 

Opposition to the expenditure of public moneys for the Boulder 
Dam project, for the aid of commercial aviation, and for the 
development of agriculture, home economics and industry, was 
voiced in resolutions passed by the Council. 

Acting upon the recommendations of its Public Affairs Com- 
mittee, the Council voted its disapproval of the Swing-Johnson 
Bill, which provides for the construction of works, for the pro- 
tection and development of the Lower Colorado River Basin, 
and for the approval of the Colorado River Compact. 

The engineers objected to that provision of the Bill which 
establishes the ‘‘Colorado River Dam Fund” to receive advances 
from the Government not exceeding $125,000,000 on the ground 
that it involves Federal ownership and the sale of power. 

The Council opposed the Bill introduced in the House by 
Representative McLeod, providing governmental aid in com- 
mercializing aviation in the United States, its territories, and 
possessions, because ''it is contrary to the recommendations 
contained in the report on Civil Aviation prepared by American 
Engineering Council and the Department of Commerce." 

The Bill of Senator MeKellar to establish the Musele Shoals 
Commission was also condemned by the engineers. Among those 
who spoke in opposition to this measure was Dr. Harrison E. 
Howe, editor of ‘‘Industrial and Engineering Chemistry," and a 
member of the National Research Council. 

Discussion of the Bill of Representative Tillman brought out 
the unanimous opinion that the engineering profession should 
support a sound Federal program to assist agriculture, but that 
this Bill, which makes annual advances by the Government to 
develop agriculture, home economics and industry, does not 
coincide with the engineering point of view. 

At the end of eleven years, tbe yearly appropriations for these 
purposes, according to the provisions of the Tillman Bill, would 
aggregate $6,000,000. Further investigation of the whole 
problem was urged by the engineers. 

The Council voted to support the Bill of Senator Ransdell 
which would place the proposed National Hydraulic Laboratory 
in the Bureau of Standards. Other bills now pending in Con- 
gress would assign the Laboratory to the Engineers Corps and 
to the Mississippi River Commission. 

The Council favored in principle that section of the House Bill 
which provides for the establishment in the Department of Labor 
of a Bureau of Labor Statistics, but refused to endorse the pro- 
vision for the creation of a Safety Museum. 

It was also voted to oppose the passage of the House Bill which 
prevents the use of stop watches or time measure devices, and 
to support the House Bill establishing requirements affecting 
Government contracts. 


The engineers discussed the House measure which would 
create a commission to ascertain the feasibility of constructing 
the Nicaraguan Canal, and finally referred the question to the 
American Society of Civil Engineefs with a request for recom- 
mendations thereon. 

The Council adopted the report of its Committee on Street 
Signs, Signals and Markings, which has just completed a nation- 
wide survey of traffic conditions in more than one hundred cities 
with a population exceeding 35,000,000. 

The Committee, it was declared, has successfully accomplished 
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"the most comprehensive study yet made of traffic control 
devices.” Headed by W. B. Powell of Buffalo, N. Y., it enlisted 
the cooperation of more than 500 engineers, who reported vast 
discrepancies in the signs, signals and markings used throughout 
the country with little regard for standardization. 

The Committee, according to the Council’s announcement, 
has set up a recommended standard set of signs and established 
specific recommendations for the maintenance, color, material, 
location and method of illuminating these signs. 

As to signals, the report, it was said, points the way to simple 
standards for universal use. Other recommendations of the 
report "are aimed to aid cities in getting that type of traffic 
control best suited to their needs." A system of pavement and 
curb markings leading to simplieity and uniformity is also 
recommended. 

OFFICERS ELECTED 

The officers elected for the coming year were—President; 
Arthur W. Berresford, of New York, & past-president of the 
American Institute of Electrical Engineers; Vice-Presidents: 
I. E. Moultrop, of Boston; Gardner S. Williams, of Ann Arbor, 
Michigan; O. H. Koch, of Dallas, Texas; and L. P. Alford, of 
New York; Treasurer: Harrison E. Howe, re-elected; Executive- 
Secretary: L. W. Wallace, re-elected. 

The representatives of the A. I. E. E. present were—A. W. 


. Berresford, New York; John H. Finney, Washington, D. C.; 


M. M. Fowler, Chicago; H. M. Hobart, Schenectady; F. L. 
Hutchinson, New York; H. A. Kidder, New York;I. E. Moultrop, 
Boston; Farley Osgood, New York; Charles F. Seott, New 
Haven; C. E. Skinner, Pittsburgh; and Calvert Townley, 
New York. l 

The delegation selected to represent the A. I. E. E. upon the 
Administrative Board of the Council (in addition to President 
Berresford and Vice-President Moultrop), is composed of John 
H. Finney, M. M. Fowler, H. A. Kidder, Farley Osgood, Charles 
F. Scott, and C. E. Skinner. 


Kansas City Engineers Club Extends 
Welcome 


The Engineers Club of Kansas City extends a cordial invitation 
to all Institute members who may bein Kansas City at any time 
to visit the Club. A meeting with some form of program or 


e entertainment is held in the Roof Garden of the Aladdin Hotel 


every Monday noon. The Kansas City Section of the Institute 
and other local organizations are affiliated with the Engineers’ 
Club. 


Welding Meeting Held in Boston 


A joint meeting on welding was held December 14, 1927 
under the auspices of the Affiliated Technical Societies of Boston 
(Mass.), of which the Boston Section of the Institute is a member. 
Three sessions were held—morning, afternoon and evening,—at 
which the following 12 papers were presented: 

General Principles of the Various Welding Processes, by F. M. 
Farmer, Chief Engr., Electrical Testing Laboratories; 

Examples of Arc-Welded Steel Construction, by G. D. Fish, 
Consulting Engr., Westinghouse Electric & Mfg. Co.; 

Welding Trusses for Industrial Buildings, by Andrew Vogel, 
General Electric Co.; 

Pipe Line Welding from the Ozy-Acetylene Viewpoint, by 
LeRoy Edwards, Air Reduction Sales Co.; 

Pipe Welding and Other Recent Developments in Welding, by 
D. H. Deyoe, General Electric Co.; 

Thermit Pipe Welding, by R. L. Browne, Metal & Thermit 
Corp.; 

Replacing Castings by Steel Elements Cut to Shape by Automate 
Shape-Cutting Machines, by Dr. A. Krebs, General Welding and 
Equipment Co.; 
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The Metallurgy of Welding-Wire, by C. E MeCune, American 
Chain Co.; © 
Unit Stresses and Reliability as Applied to Structural Welding, 
by F. T. Llewellyn, Representative of A. S. C. E. on Joint 
Struetural Welding Committee; 
Applications of Projection and Multiple Welds, by W. T. Ober, 
Thomson Electric Welding Co.; 
Reclaiming a Cast-Iron Waterwheel Casing, by C. W. Babcock, 
Westinghouse Electric & Mfg. Co.; 
Atomic-Hydrogen Welding Process, by P. Alexander, General 
Electric Co. 
The annual Engineers Banquet was held in conjunction with 
the meeting. 
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R. B. Ransom has been appointed resident agent in charge 
of the Hartford office of the General Electric Co., succeeding 
Mr. Gregory. 

B. L. DELAck (Assoc.), has been appointed manager of the 
Schenectady plant of the General Electric Company as of 
January 1, 1928. 

E. A. WAGNER (Assoc.), has been appointed manager of the 
Pittsfield, Mass., plant of the General Electric Company, 
effective January 1, 1928. 

C. N. Grecory(Assoc.), as manager of the New Haven, Conn., 
office succeeds Frederic Cutts (Mem.) in the sales organization 
of the General Electric Co. 

Tuomas AHEARN, who is an outstanding figure in the activities 
of Ottawa, Canada, has just had the new honor conferred upon 
him of appointment to the Privy Council. 

R. M. Eaton on January 1, 1928, changed his position from 
superintendent of the Okonite-Callender Cable Company to 
superintendent and resident manager of the Hazard Manufac- 
turing Company Division of the Okonite Company. 

W ALTER H. Situ has resigned from his position as Railway 
Equipment with the Westinghouse Electric & Mfg. Company to 
join the engineering staff of the Reading Company in connection 
with the electrification of the Reading Terminal at Philadelphia. 

A. H. MaNwanING, who has served the Philadelphia Electric 
Company for some time, of late in the capacity of Engineer of 
Transmission and Distribution has retired from active service 
&nd will reside at Jenkintown, Pa. Mr. Manwaring joined the 
Institute in 1909. 

H. F. T. EnBEN (Assoc.), assistant vice president of the General 
Electric Company, retired on January 1, 1928, after more than 
40 years of service with that company. At the time of his 
retirement he was also vice chairman of the General Electric 
Co's manufacturing Committee. 

W. J. CANADA, formerly Eleetrieal Field Secretary for the 
National Fire Protection Association has just received appoint- 
ment as a staff officer of the National Electrical Manufaeturer's 
Association and all engineering matters affecting the entire 
membership will hereafter be correlated and direeted by him. 


Obituary 


Ralph M. Obergfell, Associate Electrical Engineer of 
Underwriters Laboratories and a member of the Institute since 
1912, died January 10, 1928, of pneumonia. He was born in 
Chicago, February 8, 1888, and received his technical education 
at Lewis Institute from which he graduated in 1911. Entering 
the employ of the Sanitary District of Chicago he was soon 
promoted to the position of assistant power house operator; 
in fact it was remarked that he was ‘‘always in line for further 
&dvancement." From childhood his record was one of sterling 
character. 

Harry Edgar Hayes, member of the Institute since 1893 and 
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of late with Charles H. Tenney & Company, Boston. Mass., died | 
at his home. Stoneham, Mass., December 2, 1927, from the result 
of a throat infection. 

Mr. Hayes was born at Madbury. N. H., Decca 12, 1865. 
When he was two years old the family removed to Boston, and 
Mr. Hayes was graduated from the Latin School there. He later 
attended Harvard College, graduating with the class of '88 and 
Massachusetts Institute of Technology, with the class of '90. 
He returned to M. I. T. for a vear as Assistant in Mechanical 
Engineering and later became Assistant Electrician of the 
American Telephone and Telegraph Companv. remaining in 
that capacity until 1907. In 1909 he took up the design and 
erection of buildings and study of plant layout for the Laconia 
Car Co., with which he was occupied until 1914. The following 
year he joined the force of the Electrical Testing Laboratory 
but in 1916 returned to the New England Section to: take up the 
underground work for the Salem Electric Light Company, 
Salem, Mass. With the Tenney & Company. Mr. Haves 
service was as inspector of underground construction for Lent 
and Power. 


Allen H. Moore, General Engineer of the General Electric 
Company, Schenectady and for some time the chairman of its 
Standardizing Committee, died Tuesday, January 10, at Albany, 
New York, after a brief illness. He was born at Rutland, 


* Vermont, and his general education was publie and high school 


followed by a 2-years’ academic course at the University of 
Vermont at Burlington and two years at Rose Polvtechnie 
Institute, where he took up electrical engineering. This he 
followed by student work in the factory of the Thomson-Houston 
Electric Company, Lynn, Massachusetts, upon the installation 
of lighting plants and later becoming ‘‘trouble man." He was 
then sent to Washington and later to the Pittsburgh offices. 
His work included the installation of plants in Canada and 
Mexico. He was also given charge of the Thomson-Houston 
Company’s exhibit at the Frankfort Exposition, Germany, after 
which he became chief engineer and manager of the factory of the 
Union Elektricitaets Gesellschaft, a company originally formed 
by the General Electric Company and German interests. Mr. 
Moore was put in responsible charge of the designing and 
manufacturing for the company, which built a-c. and d-e. 
generators and motors of all kinds, as well as railway equipment 
and heavy electrical apparatus. The greater portion of the more 
intrieate and important part of this design work was done by 
Mr. Moore, personally. In 1899 he went to London as general 
manager of works for the British Thomson-Houston Co., and in 
this capacity built and equipped the company's Rugby works. 
In 1901, however, he returned to the Engineering Executive 
Department of the General Electric Company, as assistant to 
Mr. E. W. Rice and chairman of the Standardizing Committees, 
whieh brought him in intimate contact with all the design 
engineering of the General Electric Company. He was a man 
of wide experience and of high worth. 


Elmer Ellsworth Farmer Creighton, an electrical engineer 
of the General Electric Company, and for years the Company's 
expert on lightning protection, died January 12 at Ellis Hospital, 
Schenectady, after a prolonged illness. He had been identified 
with the General Electric Company in this city since 1904 and 
was for a long period a close technical associate of the late 
Dr. Charles Proteus Steinmetz. 


Mr. Creighton was born April 11, 1873, at Vallejo, California. 
He was graduated in 1895 from Leland Stanford University w ith 
the B. S. degree and received from the same institution the 
degree of electrical engineer in 1897. He was special testing 
engineer for the Pacific Postal Telegraph Company at San 
Francisco from 1894 to 1895, and had served in 1895-6 as instruc- 
tor at Leland Stanford University. In the summer of 1897 he 
served as assistant to Dr. David Starr Jordan on the fur seal 
commission in the Pribilof Islands, Alaska. From 1898 to 1900 
he was &t the Sorbonne in Paris and was connected with the 
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Ecole Superieure d’Electricite as assistant to M. Andre Blondel 
in special research work. 

After his return from Paris in 1900, Mr. Creighton again 
taught for a brief period at Leland Stanford but in 1901 he came 
east and took a position as head of the experimental department 
of the Stanley Electric Manufacturing Company at Pittsfield. 
He was engaged thus until in 1904 the Stanley Company became 
part of the General Electric Company whereupon Professor 
Creighton came to Schenectady and was associated for the first 
time with Dr. Steinmetz who was then head of the electrical 
engineering ‘department at Union College. From 1904 to 1906 
he was assistant to Dr. Steinmetz in this department and it was 
during this interval that an experimental laboratory, conducted 
by these two and others of the college faculty, but designed to 
serve the needs of the General Electric Company, was established 
in Washburn Hall, Union College. Much pioneer work in the 
study of protective devices and methods for transmission systems 
was done in this laboratory. The researches continued at Union 
College until the fall of 1913, when the laboratory was moved to 
the Schenectady plant of the General Electric Company where 
it has since remained. It was at that timeplaced under the 
consulting engineering department of which Dr. Steinmetz was 
the head, and some years later it was consolidated with the 
Standardizing Laboratory to form the present General Engineer- 
ing Laboratory, in which department Professor Creighton was 
serving at the time of his death. 

During the nearly quarter century stretch from 1904 Professor 
Creighton had performed a great deal of high tension and 
lightning protection investigation. He had been an inventor of 
many protective devices for electrical systems including an 
aluminum lightning arrester, direct-current and alternating- 
current arresters, a compression chamber arrester, a dry-film 
arrester and concrete reactors, as well as other less important 
devices. . 

Professor Creighton served on many technical committees 
of the Institute, specifically the Meetings and Papers Committee 
and committees relating to protection; also on the American 
Engineering Standards Committee. He was a Fellow and 
member of the Society for the Promotion of Engineering Edu- 
eation, the American Association for the Advancement of 
Scienee, the American Society of Mechanical Engineers, the 
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FUTURE SECTION MEETINGS 
Cleveland 
Power Plant Development, by C. F. Hirshfeld, Detroit Edison 
Co. Electric League Room, Hotel Statler, 8:00 p. m. Feb- 
ruary 16. 


Joint meeting with Case School of Applied Science Branch. 


March 22. 
Columbus 

Modern Trend in LargeGenerating Apparatus, by F. D. Newbury, 
Westinghouse Electric & Mfg. Co. Film, entitled “From Coal 
to Electricity.” February 24. 

Joint dinner meeting with Engineers’ Club of Columbus. 
March 23. 

Detroit-Ann Arbor 

“Electricity in Modern Office Buildings," by George Wagschal, 

Consulting Electrical Engineer. February 21. 


Erie 
Commercial Aviation, by W. B. Stout, Stout Metal Airplane 
Co. February 21. 
Tendenciesin Modern Transportation, by N. W. Storer, Westing- 
house Electric & Mfg. Co. March 20. 
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American Physical Society, the American Electro-Chemical 
Society, the American Ceramic Society, the Société Francaise 
des Electricians, a Fellow of the Institute and Sigma Xi. 

Professor Cerighton had written many technical papers and 
was a frequent lecturer at colleges and before technical audiences. 
He held a number of medals. 


Addresses Wanted 


A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Anyone knowing the 
present address of any of these members is requested to communi- 
eate with the Secretary at 33 West 39th St., New York, N. Y. 

All members are urged to notify the Institute Headquarters 
promptly of any changes in mailing or business address, thus 
relieving the member of needless annoyance and also assuring the 
prompt delivery of Institute mail, the accuracy of our mailing 
records, and the elimination of unnecessary expense for postage 
and clerical work. | 
Wm. S. Barden, 514 Todd St., Wilkinsburg, Pa. 

H. S. Bedi, c/o Y. M. C. A., Elizabeth, N. J. 

A. B. Blatherwick, P. O. Box 857, Bremerton, Wash. 

David E. Carpenter, 136 Woodland St., Worcester, Mass. 
John F. Dreyer, Jr., Stevens Inst. of Tech., Hoboken, N. J. 

J. B. Entz, Beechmont Drive, New Rochelle, N. Y. 

Jos. E. Gartenman, Box 19, Eastside P. O., Providence, R. I. 
Geo. B. Germain, Westinghouse E. & M. Co., Chicago, Ill. 
King E. Gould, 3 William St., Cambridge, Mass. 

Joel Hakanson, 1935 Daly Ave., New York, N. Y. 

Ralph E. Ingersoll, 1110 Wood St., Wilkinsburg, Pa. 

George T. Lawson, 1644 43rd St., Brooklyn, N. Y. 

Joseph M. Lyden, Finkbine Guild Lbr. Co., Rockport, Calif. 
Samuel Parmley, P. O. Box 256, Gary, Ind. 

E. B. Schultz, 2024 Locust St., Long Beach, Calif. 


James P. Scott, 503 W. Michigan Ave., Jackson, Mich. 


S. D. Thordarson, 11514 East Ave. 36, Los Angeles, Calif. 
Wm. M. Van Sant, 531 Elm St., Reading, Pa. 

Leo J. Vonsovich, 1730 Hearst Ave., Berkeley, Calif. 

R. M. Wild, c/o Stone & Webster, Inc., Boston, Mass. 
Ralph Wilder, 1144 W. 51st St., Los Angeles, Calif. 


POU OU 


Lynn 

Hydroelectric Development and Interconnection in the Southern 
States, by W. E. Mitchell, Vice-President, Georgia Power Co. 
42 Centre Street, West Lynn. February 13. 

Local convention, with papers by members of the Thomson 
Research Laboratory, G. E. Co. 42 Centre Street. Feb- 
ruary 29. 

The Grand Canyon, Southeastern Utah, the Zion and Bryce 
Canyons, by Randall Jones. Ladies’ Night. First M. E. 
Church, City Hall Square. March 7. 


Niagara Frontier 
Latest Developments of Welding, by C. L. Ipsen, General 
Electric Co. February 10. 
Automatic Control of Substations by Means of Supervisory 
Control and Other Methods, by R. J. Wensley, Westinghouse 
Electric & Mfg. Co. March 2. 


Pittsburgh 
The Engineer in Industry, by W. S. Rugg, Vice-President, 
Westinghouse Electric & Mfg. Co. February 14. 


Vacuum-Tube Applications, by T. A. E. Belt, General Electric 
Co. March 13. 
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Pittsfield | 
Floods and Flood Control, by Dr. Frank Bohn. Masonic Temple. 
February 7. 
~ Heawiside's Operational Calculus, by Dr. E. J. Berg, Union 
University. Stanley Club Rooms. February 21. 
Conditions in China, by Dr. Tehyi Hsieh. Masonic Temple. 
March 6. 
St. Louis 
Superpower Transmission, by Robert Treat, General Electric 
Co. February 15. 
Television, by Dr. H. E. Ives, Bell Telephone Laboratories. 
March 21. 
Sharon 
New Developments in Supervisory Control, by R. J. Wensley, 
Westinghouse Electric & Mfg. Co. Moving pictures and 
demonstration. February 7. 

Elements of Vector Analysis for the Mechanical and Elec- 
trical Engineer, by Prof. V. Karapetoff, Cornell University. 
Lecture at 4:00 p. m.— Piano Recital at 8:00 p.m. February 25. 

Meeting in Y. M. C. A. Auditorium, Youngstown, O. Ad- 
dresses and lantern slides. Inspeetion of 132-kv. substation. 
Transportation in P. & O. busses. March 6. 

Vancouver 

Students’ Night at University of British Columbia. Feb- 
ruary 7. 

Impressions of a Recent Visit to Europe, by F. J. Bartholomew 
of Bartholomew, Montgomery & Co., Ltd. March 6. 


SECTION MEETINGS 


Atlanta 
Annual Dinner. The following officers were elected: Chairman, 
T. H. Landgraf; Vice-Chairman, W. F. Oliver; Secretary- 
Treasurer, S. C. Bleckley. September 30. Attendance 25. 
Business Meeting. Daniel H. Woodward was elected Secretary- 
Treasurer to succeed S. C. Bleckley. A luncheon preceded 
the meeting. November 25. Attendance 18. 


Boston 
All-day Meeting on Welding. (See details elsewhere in this 
issue). December 14. 
Television, by J. W. Horton, Bell Telephone Laboratories. 
Accompanied by moving pictures. January 11. At- 
tendance 460. 


Cleveland 


Horton, Bell Telephone Laboratories. 


Television, by J. W. 
eleviston, DY December 15. 


Illustrated by slides and moving pictures. 
Attendance 131. 

Columbus 

Manufacture of Carbon Brushes from Raw Materials, by W. C. 
Kalb, National Carbon Co.; 

Sound Control of Substations, by A. E. Williams, Columbus 
Section, and 

Radio Development, by Prof. A. F. Puchstein, Ohio State Uni- 
versity. Motion picture, entitled ‘‘Behind the Pyramids,” 
was shown. December 2. Attendance 25. 


i Denver 
The Problems of a Broadcasting Manager, by F. H. Talbot, 
Manager, KOA. December 15. Attendance 112. 
Erie 
The Romantic Development and Economics of Niagara Power, by 
. K. Bradbury, Niagara Falls Power Co. Illustrated 
with slides. December 20. Attendance 40. 
Fort Wayne 
Television, by H. M. Stoller, Bell Telephone Laboratories. 
Illustrated with slides and motion pictures. December 15. 
Attendance 185. 
Kansas City 
Power-System Stability, by A. D. Dobjikob, Westinghouse Elec- 
tric & Mfg. Co. December 5. Attendance 52. 
Los Angeles 


Vacuum Tubes in the Electrical Industry, by L. F. Fuller, General 
Electrice Co. Illustrated with slides. A dinner preceded 
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the meeting, at which Dr. Harold Norinder, Royal Board of 
Water Falls, Stockholm, Sweden, spoke on ‘‘Lightning and 
High-Voltage Surges on Transmission Lines.” January 6. 
Attendance 126. | 


Louisville 

An Engineering Paradoz, by Dean P. S. Anderson, University of 
Kentucky. Joint meeting with A. S. M. E. November 22. 
Attendance 63. 

Recent Developments in the Bell Laboratories, by L. S. O’ Roark, 
Information Manager. Illustrated. Joint meeting with 
A. S. M. E. and Engineers and Architects Club. December 
20. Attendance 115. 


Lynn 
Trends in Central Station Development, by G. A. Orrok, New 
York Edison Co. Illustrated with slides. December 14. 
Attendance 120. 
Age of Speed, by R. P. Capron, Norton Grinding Co. Illus- 
trated with motion picture. January ll. Attendance 175. 


Mexico 


The Hydraulic Side of the Tepuztepec Hydro-Electric Development, 
by G. Gibellini, Mexican Light & Power Co. December 6. 
Attendance 51. 


Milwaukee 


Engineering Principles Ad tee to Finances, by R. M. Laas, 


Morris F. Fox & Co. ecember 21. Attendance 75. 


Minnesota 
Engineers and Municipal Government, by A. C. Godward, 
pe Panning Engineer, Minneapolis. January 3. Atten- 
ance 20. 


New York 


Interconnection of Power Systems. (See details elsewhere in 
this issue.) January 13. Attendance 750. 


Philadelphia 
Transmission of Pictures, by W. E. Harkness, A. T. & T. Co. 
Illustrated with slides. A dinner preceded the meeting. 
December 12. Attendance 210. 


Pittsburgh 
Engineers Versus Salesmen—Who’s Ahead? by G. M. Gadsby, 
President, West Penn Power Co. Joint meeting with 
Engineers Society of Western Pennsylvania. Motion 
pictures. December 13. Attendance 250. 


Pittsfield 
Hot Cathode Power Rectifiers, by A. W. Hull, General Electric 
o Heats with slides. December 20. Atten- 
ance 75. 


Portland 
Flood Conditions in the Mississippi Valley, by Lieut. Col. G. R. 
Lukesh. Illustrated with slides. Joint meeting of Port- 
land Engineering Societies. December 13. Atten- 
. dance 150. 


Rochester 

Additions and Betterments to the Rochester Gas and Electric Cor- 
poration's System, by E. K. Huntington, L. R. Scott, and 

C. A. Woodruff. Illustrated by slides. December 16. 
Attendance 87. 


St. Louis 
Railway Electrification, by J. V. B. Duer, Pennsylvania Railroad 
bp llustrated with slides. December 22. Atten- 
ance 43. 


San Francisco 

Choice of Power Supply for Central Station Industry, by A. H. 
Markwart. August 25. Attendance 125. 

Talk by Baneroft Gherardi, National President, A. I. E. E. 
September l. Attendance 50. 

Recent Discoveries and Developments in the Art of Power Trans- 
mission, by R. D. Evans, Westinghouse Electric & Mfg. Co. 
A dinner preceded the meeting. Setpember 23. Atten- 
dance 65. 

Celebration of ‘‘First Centenary of Alessandro Volta. Joint 
meeting with Italy-America Society of San Francisco. 
November 4. Attendance 45. 

Inspection trip to Oakland Lamp Factory of the General Electric 
Company. December9. Attendance 105. 
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Schenectady 


Theory of Light Production in Gases, by Dr. S. Dushman, General 
Electric Co. and Hot-Cathode Neon Arcs, by C. G. Found, 
General Electric Co. Slides and demonstration. Decem- 
ber 16. Attendance 100. 


Seattle 
Design and Construction of the Chelan Plant, Dam and Tunnel, 


by V. H. Greisser, Washington Water Power Co. Illus- 
trated. dinner preceded the meeting. December 20. 
Attendance 119. 


Sharon 
New and Interesting Electrical Developments, by A. M. Dudley, 
Westinghouse Elec. & Mfg. Co. Talk by Larry Flint, 
newspaper man. banquet preceded the meeting. 
December6. Attendance 196. 
Spokane 
The Spokane A-C. Underground System, by Earl Baughn, Wash- 
ington Water Power Co. December 20. Attendance 32. 
Springfield 
Film, entitled ‘From Coal to Electricity,” was presented by 


Large A. I. E. E. Student Conference at 
Pittsburgh 


On January 10, 1928, one of the largest Student Branch 
conferences ever held in Pittsburgh brought together students 
from West Virginia University, Carnegie Institute of Technology 
and the University of Pittsburgh, to honor Mr. Bancroft 
Gherardi, President of the American Institute of Electrical 
Engineers. This student conference was beyond doubt a most 
successful and inspiring meeting. The afternoon was filled 
with events of interest to the students, including inspection trips 
through the laboratories of the Carnegie Institute of Tech- 
nology and the University of Pittsburgh, and luncheon at 
Carnegie Library Cafeteria. This was followed by an afternoon 
program in the Fellows Room of the Mellon Institute of the 
University of Pittsburgh. 'The program was filled with good 
talks and discussion by the students. The following papers 
were presented: 

The Value of Good English to an Engineer, W. E. Vellines, 
West Virginia University. 

An Incident in Electrical Engineering, R. R. Lockwood, 
Carnegie Institute of Technology. 

Hydroelectric Possibilities of South America, R. Vecino, Uni- 
versity of Pittsburgh. 

The Engineer as a Citizen, S. C. Hill, West Virginia University. 

Antenna Radiating Systems for Short Waves, R. S. Tener, 
Carnegie Institute of Technology. 

An Experience in Obtaining and Marketing a Patent, C. Cavery, 
University of Pittsburgh. 

How Shall We Stimulate the Interest and Enthusiasm of the 
Students in the Student Branch? C. L. Parks, West Virginia 
Unversity. Discussion was led by R. A. Ramson, Carnegie 
Institute of Technology, and K. A. Wing, University of 
Pittsburgh. 

How Can the Journal be Made of Greatest Value to the Student?, 
John E. White, Carnegie Institute of Technology. 

What Part Should the Faculty Take in Branch Activities?, 
R. P. Synder, University of Pittsburgh. 

At this time the chairman introduced Mr. F. J. Chesterman, 
Vice President and General Manager of the Bell Telephone 
Company of Pennsylvania. After a brief address Mr. 
Chesterman presented Mr. Charlesworth, Chairman of the 
Meetings and Papers Committee, who gave a short address on 
the value of such a conference to the future electrical engineer. 
Mr. Bancroft Gherardi, President of Amerivan Institute of 
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A. A. Norra: Consulting Engineer, Stone & Webster Co. 
The speaker also described by means of slides and motion 
ictures the hydro-electric development at Conowingo, 
aryland. Joint meeting: with Engineering Society of 
Western Massachusetts. ecember 13. Attendance 134. 


Toledo 


Theory and Practise in Transformer Operation for Modern Inter- 
connected Transmission Network, by W. A. Furst, Westing- 
house Electric & Mfg. Co. December 16. Attendance 50. 


Washington 
Research and Invention, by S. M. Kintner, Westinghouse Electric 
Mfg. Co. December 13. Attendance 105. 
Safety in Power-Plant Construction, by C. R. Beardsley, Brooklyn 
Ton Re Illustrated with slides. January 10. Atten- 
ance 165. 


Worcester 


The New Aircraft Carrier, by Commander Theodore G. Ellyson, 
U. S. S. Lezington. Joint meeting with other engineering 
societies. December 19. Attendance 175. 
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Electrical Engineers, and Vice-President of the American 
Telephone and Telegraph Company, was then introduced by 
Mr. Chesterman, and spoke on the various phases of individual 
development necessary for success. The students considered it 
quite an honor to have President Gherardi as their guest and 
to listen to his address. 

The conference was attended by 80 students. Of that num- 
ber, 40 students attended the dinner and meeting of the Pitts- 
burgh Section of the A. I. E. E. and the Electrical Section of the 
Engineers Society of Western Pennsylvania held that evening 
in the Chamber of Commerce Building in honor of President 
Gherardi. In connection with the evening meeting, Mr. G. B. 
Pyles, Chairman of the Student Branch, West Virginia Uni- 
versity, gave a report of the Student Conference held that 
afternoon. 

The other parts of the evening program were: 

Illustrated address on Trans-Altantic Radio, by President 
Gherardi. 

Symposium on A-C. Network Systems: 

Engineering Aspects, by C. T. Sinclair, Assistant Elec- 
trical Engineer, Byllesby Engineering and Management 
Corporation, Pittsburgh Branch. 

Operating Performance, by H. R. Searing, Assistant 
Electrival Engineer, United Electric Light and Power 
Company, New York City. 


BRANCH MEETINGS 


University of Arkansas 
Audio Amplification, by Prof. Loy Barton. 
tendance 36. . 
Armour Institute of Technology 
Joint meeting with A. S. M. E. November 18. Attendance 30. 


Standardization under Hoover, by W. A. Durgin. December 16. 
Attendance 30. 


California Institute of Technology 


Commercial Electric Motors, by H. C. Hill, General Electrie Co. 
Motion pictures, entitled ‘‘The Conductor,” and ''The Busy 


Body," wereshown. December9. Attendance 18. 


Carnegie Institute of Technology 
Televoz, by Robert Lockwood, student. December 7. Atten- 
dance 35. 
Case School of Applied Science 
Experiences with the Ohio Public Service Company, by S. E. Abell 


December 14. At- 
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The meeting was preceded by 
December 6. Attendance 28. 

Clemson Agricultural College 

Ventilation of the Holland Tunnel, by R. N. Anderson; 

Lightning Prevention, by J. F. Callaham ; 

The Giant of Broadcasting, by B. H. Cuttino, and 

Current Events, by W. H. Cuttino. December 1. Attendance 26. 
Panel Material for Switchboards, by F. F. Tice; 

Electrical Reproduction of Phonograph Records, by J. H. Clark; 
Televoz, by G. P. Cobb, and | 

Current Events, by A. P. Wylie. December 15. Attendance 24. 


University of Colorado 
Long Distance Telephone Transmission, by E. Hattrick, Trans- 
mission and Protection Engineer for Colorado, Mountain 
States Telephone Co. The paper was prepared by R. B. 
Bonney, Educational Director of that company. January 4. 
Attendance 45. 
University of Denver 
Some Hecent Work on Lightning Discharge, by J. N. Petrie. 
Motion pictures, entitled ‘‘The Moulder,” and ‘‘Liquid 
Air," were shown. December 16. Attendance 43. 
University of Florida 
Radio Broadcasting, by A. M. Skellet, Instructor in Electrical 
Engineering. October 31. Attendance 25. 
Motion picture, entitled ‘‘The Making of Armco Ingot Iron,” 
was shown. November 14. Attendance 35. 
The Mercury Vapor Process of Power Generation, by A. C. Dean, 
Secretary of the Branch. November 28. Attendance 20. 


Georgia School of Technology 

First Aid, by Jack Milan, First Aid Instructor for the Georgia 
Power Co. The speaker demonstrated the Schaefer method 
of artificial respiration. January 6. Attendance 53. 

Kansas State Agricultural College 

The Electronic Rectifier, by W. L. Garnett, student, and 

Electrical Current Events, by F. B. Volkel, student. Two films 
were shown —one of the K. S. A. C. and the other entitled 
“Land of Cotton." December 5. Attendance 86. 

Illumination, by Prof. O. D. Hunt; 

Electrical Current Events, by W. D. Nyhart, student, and 

Technical Talk, by Paul Ayres. Motion pieture, entitled 
"Light of the Race," was shown. December 19. Atten- 
dance 96. 


and W. E. Hoehn, students. 
& dinner. 


University of Kansas 


What Electricity Has Done for Mankind, by C. M. Ripley, 
General Electric Co. Illustrated with motion pictures. 
Joint meeting with Student Chapter, A. S. M. E. December 
13. Attendance 325. 


Lafayette College 
Motion pictures, entitled ‘‘60,000 Kw. Turbine-Generator Set,’ 
‘91,500 Kw. Cross-Compound Turbine-Generator Set, LL 
“100 Kw. Vacuum Tube," and ‘‘Coolidge Cathode Ray 
Tube." January 7. Attendance 20. 


Lehigh University 


Electrical Indicating Instruments, by A. F. Corby, Jr., Weston 
Electrical Instrument Corp. December 9. Attendance 85. 


Lewis Institute 


Business Meeting. Discussion of Regional Meeting at Chicago 
and future Branch ms. A. R. Sansone was elected 
Chairman to succeed L. F. Masonick who resigned. January 
10. Attendance 26. 


University of Maine 


A Summer with Westinghouse Electric & Manufacturing Com- 
any, by P. H. Trickey and G. R. Chappell, students. 
anuary 4. Attendance 19. 


Massachusetts Institute of Technology 


Motion pictures, entitled respectively '' Revelations by X-Rays,” 
and ‘‘Power Transformers, Their Development and Manu- 
facture," were shown. December 7. Attendance 40. 


Some Valuable Advice to the Students Regarding Their Future, 
by E. S. Mansfield, Supt. of the Operating Power Account- 
ing Department of the Edison Electric Illuminating Com- 

any of Boston. Motion picture, entitled ‘‘More Power to 
ou," was shown. A free supper preceded the talk. 
December 16. Attendance 250. 
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University of Michidan 


Imaginative Engineering, by Wm. Dreese, Lincoln Motors Co. 
December 9. Attendance 29. 


University of Minnesota 
Reserves in Central Station Industry for Maintaining Electrical 
Service, by H. E. Wulfing, Commonwealth Edison Co. 
November 15. Attendance 115. 


Business Meeting. John Kriehbaum appointed Branch Safety 
Representative. Decided to send C. L. Elliott, a junior, to 
Regional Meeting in Chicago with expenses paid by the 
Branch. November25. Attendance 8. 


Mississippi A. & M. College 


Life and Work of the Young Graduate in the Testing Laboratories 
of a Large Manufacturing Corporation, by Prof. Commander. 
L. H. Calloway, Chairman of the Program Committee 
announced plans for programs for the Spring semester. 
December 6. Attendance 28. 


University of Nebraska 


Dr. E. B. Roberts, Supervisor of Service to Engineering Schools, 
Westinghouse Electric & Mfg. Co., gave a talk on the choice 
of positions best adapted to the characteristics of individuals. 
Talks were also given by Mr. MeLaren and Mr. Morgan 
of the same company on production and sales methods re- 
spectively. Dean O. J. Ferguson gave a short talk to stim- 
ulate interest in Student enrolment. Prof. F. W. Norris, 
Couselor, announced that the District Conference on Stu- 
dent Activities will be held in Lincoln this year, probably 
early in March. November23. Attendance 89. 


University of Nevada 


Transformers, by W. C. Smith, Sales Engineer, General Electric 
rie oe Francisco. Illustrated. December 7. Atten- 
ance 41. 


Newark College of Engineering 


Schaefer Prone Pressure Method of Resuscitation, by Mr. 
Alexander, Public Service Electric & Gas Co. Motion 
picture, entitled ‘‘Modern Miracle," was shown. December 
18. Attendance 32. 

University of New Hampshire 
Television, by E. L. St. Clair, and 
High-Speed Circuit Breakers, by C. E. Tursehman. November 


16. Attendance 38. 
Constant Current Transformers, by G. P. Balch; D. Williams; 


HEIDE e Control by the Pyrometer-Potentiometer Method, by 
.Whitten; F. E. Beede, and 


Baum Principle of Transmission, by R. B. Wilson; L. E. Boodey. 
November 23. Attendance 37. 


The Development of the Radio Circuit, by P. Zottu; F. Drew; and 


Refrigeration, by H. B. Rose; R. W. Folsom. November 30. 
Attendance 39. 


Film, entitled ‘‘Nature’s Frozen Credits, " was shown. Janiary 
9. Attendance 39. 


College of the City of New York 
Inspection trip through the radio receiver factory of the Freed- 
Eisemann Corporation. December 15. Attendance 9. 
Conowingo Hydroelectric Development, by A. A. Northrop, Stone 
& Webster Co. Illustrated with slides and three reels of 
motion pictures, entitled ‘‘Conowingo.’’ Joint meeting wi 
A.S. C. E. and A. SS M. E. December 22. Attendance 72. 


University of Notre Dame 

Condensers in Radio Circuits, by G. P. Kennedy, and 

Development and Manufacture of Lubricating Oils, 
Kustner, Standard Oil Co. of Indiana. Illustrated with 
three reels of motion pictures. Refreshments served after 
the meeting. December 12. Attendance 101. 


Ohio University 


Problems of the Plant Manager, by Mr. Badger, Plant Man r 
of the Floodwood Station, South-Eastern Ohio Power Co 
Attendance 25. 


Ohio State University 


by C. G. 


December 7. 


Motion picture on the manufacture of insulators was shown. 


December 2. Attendance 30. 


Television, by R. A. Dellar, Bell Telephone Laboratories, Inc. 
Prof. F. C. Caldwell, Counselor, gave a brief history of the 
activities of the Branch throughout the twenty-five years 
sinee its organization. December 15. Attendance 55. 
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l ‘Pennsylvania State College 
Industrial Considerations, by F. C. Cramer, student; 
Electrical Developments, by V. C. Kauffman, and 
` Mechanical Developments, by Prof. C. L. Allen, Dept. of Mech. 
Engg. Prof. Allen also gave & report on the recent Power 
Show held in New York City. December 14. Atten- 
dance 48. 
University of Pennsylvania 

Business Meeting. October7. Attendance 53. 

Construction and Care of Electrical Instruments, by L. C. Corley, 
Weston Electrical Instrument Corp. Illustrated with 
slides. December 8. Attendance 19. 

University of Pittsburgh 

Proposed Government Control and Investigation of Public Utilities, 
by M. R. Scharff, Chief Engr., Byllesby Engineering and 
‘Management Corp. December l. Attendance 33. 

Copper Oxide Rectifiers, by P. R. Fisher, student, and 

Ventilation of Holland Tunnels, by P. E. Lagatolla, student. 
December 9. Attendance 45. 

Architecture of India, by M. R. Malhotra, student. Slides. 
December 16. Attendance 32. 

Princeton University 

Television, by W. Wilson, Secretary, and 

Mercury Boilers and Turbines, by W. Eakins, student. The 
following new developments were described by Prof. C. H. 
Willis: new type commutator; mercury arc rectifier; and the 
Vitaphone. December 8. Attendance 6. 

Rensselaer Polytechnic Institute 

Rice-Kellogg Exponential Loud Speakers, by Dr. E. W. Kellogg, 
Research Laboratories, General Electric Co., and 

Selenium Cell Application to Television, by. Dr. E. W. Kellogg. 
December 18. Attendance 255. 

Rose Polytechnic Institute 

Transformers, by Roy Reece, student. Illustrated. January 
11. Attendance 41. 

Rutgers University 


Motion pieture on the manufacture of insulation was shown. 
December 12. Attendance 22. 


University of South Dakota 


Electrification of Railroads, 
Attendance 7. 


by Mr. Hayward. December 7. 
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Ualversigy of Southern California 
The Repair-Ship '' Medusa," United States Navy, by Prof. Eyre. . 
November2. Attendance 40. 
Power Salesmanship, by Mr. Cockfield, Bureau of Power & Light 
of the City of Los Angeles. November 9. Attendance 34. 
Business Meeting. The chairman appointed a committee to 
work on attendance and membership. December 14. 
Attendance 25. 
Swarthmore College | 
The Engineer and Manufacturing Costs, by J. E. Hires, Hires, 
Castner and Harris, Inc. ecember 15. Attendance 22. 
Texas A. & M. College 


Some Simplified Methods for Solving for Transients in A-C. 
Circuits, by Prof. N. F. Rode. January 6. Attendance 85. 


University of Texas 


A motion picture of the Bell Telephone Laboratories and the 
Western Electrice Company, showing the history and de- 
velopment of the telephone and telephone equipment, was 
shown. December7. Attendance 12. 


Virginia Polytechnic Institute 


Organization and Functions of Our Local Branch, by Prof. 
Claudius Lee, Counselor. The following officers were 
elected: Chairman, M. B. Cogbill; Secretary-Treasurer, 
A. G. Collins. October 26. Attendance 31. 


State College of Washington 


The American Radio Relay League, by D. H. Sloan, student. 
December 1. Attendance 33. 


Washington University 


Storage Batteries in the Bell Telephone System, by, A. Pogorelski, 
student. December 15. Attendance 35. 


University of Washington 


The Development of Low Starting Current Induction Motors, by 
Carl Bernhard, student. Illustrated. Discussion of plans 
for the Open House. December 9. Attendance 24. 


Generators and Substations, by J. C. McDougall, Sales Engineer, 


Westinghouse Electric & Mfg. Co., Seattle. January 6. 
Attendance 31. 
University of Wisconsin 
Acoustics, by R. Norris, Burgess Laboratories. Accompanied 


y demonstration. December 14. Attendance 81. 


Engineering Societies Library 


The Library is a cooperative activity of the American Institute of Electrical Engineeré, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


tcal Engineers. 
library of engineering and the allied sciences. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 


most of the important periodicals in its field. Itis housed in the Engineering Societies Building, 29 West Thirty- 


ninth St., New York. 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


A merica. 


A rental of five cents a day, plus transportation, 18 charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 


those interested. 
understand clearly what is desired. 


In asking for information, letters should be made as definite as possible, so that the investigator may 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 5 p. m. 


BOOK NOTICES DECEMBER 1-31 1927 


` Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume respon- 
sibility for any statement made; these are taken from the preface 
or the text of the book. 

* All books listed may be consulted in the Engineering Societies 
Library. 

ANNUAL SURVEY OF AMERICAN CHEMISTRY, v. 2; July 1926 

July 1927. 


| Edited by Clarence J. West. Published for National Research 


Council by Chemical Catalog Company, N. Y., 1927. 415 pp., 
8by5in.,eloth. $3.00. 

This volume gives a brief but connected account of the work 
done by American chemists during the year, with references to 
the original publications. The 49 chapters into which the book 
is divided are each the work of a specialist in some field. The 
book will be most useful as a survey of the most recent discoveries 
and applications of chemistry, and as an indicator of lines appro- 
priate for further research. 

Although intended primarily for the chemist, many sections, 
such as those on aluminum, copper, iron and steel, nickel, water 
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and sewage, clay products, coal and coke, and glass are equally 
interesting to engineers and manufacturers. 
ESSENTIALS OF TRANSFORMER PRACTISE. 

By Emerson G. Reed. 2nd edition. N. Y., D. Van Nostrand 
Co., 1927. 401 pp., illus., diagrs., 9 by 6in., cloth. $5.00. 

In preparing this book, much of which origina y appeared in 
the Electric Journal the author has maintained a practical 
engineering point of view. Theory is discussed, so far as it bears 
directly on design and operation, the problems and methods of 
design are set forth, and questions of operation are treated. The 
new edition has been corrected and a large amount of new 
matter added. 

INDUSTRIAL ART AND THE MUSEUM. 

By Charles R. Richards. N. Y., Macmillan Co., 1927. 
102 pp., illus., 9 by 6in., cloth. $1.50. 

In this volume Professor Richards supplements his study of 
industrial museums by one upon museums of industrial art. 
The first half of the book gives an account of the beginnings of 
such museums, with accounts of the development and present 
status of the principal ones in Germany, France and England. 
A chapter is then given to the place occupied by industrial art 
in the museum system of this country. Short descriptions of 
museums in the other European countries are then given, 
followed by & chapter upon several important special museums. 


PROPAGATION OF ELECTRIC CURRENTS IN TELEPHONE AND 
TELEGRAPH CONDUCTORS. 

By J. A. Fleming. 4th edition. N. Y., D. Van Nostrand Co. 

1927. 422 pp., illus., diagrs., tables, 9 by 6 in.. cloth. $8.00. 


This treatise originated in courses of post-graduate lectures to 
practical telegraph and telephone engineers, given at the Uni- 
versity of London. It aims to present an account of our knowl- 
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edge of the phenomena connected with the propagation of 
electric currents in telephone and telegraph conductors, which 
will enable the engineer to follow the writings of investigators 
and to solve practical problems as they arise. This edition has 
been revised, and a new chapter added which treats of recent 
advances in this field. 


STRUCTURAL ENGINEERING; Stresses, Graphical Statics and 
Masonry. 
By George Fillmore Swain. N. Y., McGraw-Hill Book Co., 
1927. 525 pp., diagrs., tables, 9 by 6in., cloth. $5.00. 


In this volume, the third of the work, Dr. Swain treats of the 
theory of statically determined framed structures, and the theory 
and design of masonary structures. 

Both analytical and oe cin methods for treating framed 
structures are given, together with a comprehensive presenta- 
tion of the subject of pracy statics. In the treatment of 
masonry structures the fundamental principles are given and the 
methods of applying them shown, together with the theory of 
earth pressure. 

DER BETONSTRASSENBAU. 

By W. Petry. Ber. u. Lpz., Walter de Gruyter & Co., 1927. 

112 pp., illus.,6 by 4in., cloth. 1,50r. m. 


Up to 1914 Germany had built about 300,000 sq. mi. of con- 
crete roads. Their construction then ceased for ten years, but 
now has been resumed upon a large scale, 260,000 sq. m. having 
been built in 1926 alone. The present book first reviews briefly 
the history of concrete road building in Germany prior to 1920. 
A concise survey of construction in North America is then given, 
after which the general principles for the construction and 
maintenance of modern concrete roads are given and illustrated 
by a series of German examples. A tabulation of data on 
German road-building in 1925 and 1926 isincluded. 


| T - | 
B Engineering Societies Employment Service 


Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 
ing with the Western Society of Engineers. The service is available only to their membership, and is maintained as a coop- 
erative bureau by contributions from the societies and their individual members who are directly benefited. 

Officeas:—31 West 89th St., New York, N. Y.,——W. V. Brown, Manager. 
53 West Jackson Blvd., Room 1786, Chicago, IU., A. K. Krauser, Manager. 


57 Post St., San Francisco, Calif., N. D. 


ook, Manager. 


MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 
requests received after an interval of one month. Names and records will remain in the active files of the bureau for a 


p of three months and are renewallle upon request. 


MPLOYMENT SERVICE, 31 West 39th 
of the month. | 


Notices for this Department should be addressed to 


treet, New York City, and should be received prior to the 15th day 


OPPORTUNITIES.—A Bulletin of engineering positions available ts published weekly and is available to 
members of the Societies concerned at a subscription rate of $8 per quarter, or $10 per annum, payable in advance. Posi- 


tions not 


VOLUNTARY CONTRIB 


led pom tly as,a result of Pona in the Bulletin may be announce 


herein, as formerly. 


IONS.—Members obtaining positions through the medium of this service are 


invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year’s salary; temporary positions (of one month or less) 
three per cent of total salary received. The income contributed by the members, together with the finances appropriated 
by the four societies named above will it is hoped be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
to the Employment Service as above. Replies received by the bureau after the positions to which they refer have been 


filled will not be forwarded. 


POSITIONS OPEN 


"'ELECTRICAL ENGINEER OR PHYSI- 
CIST, firm in mathematics and a-c. theory. 
Must be practical and able to apply his knowledge 
in design department. Work along acoustical 
lines. Young man preferred. Salary $250 to 
$500 a month. Apply by letter. Location, 
near New York. X-4035-C. 


MEN AVAILABLE 


ELECTRICAL ENGINEER, 30, married, 
E. E. 1925. Eight years’ experience. Four 
years in supervisory capacity in transmission and 
distribution engineering: one year in production 
and five years in technical capacity; graduate 
of recognized technical college. Experience: 
development, planning, estimating, reports and 
investigations, substation design, technical and 
industrial research. Location preferred, Ohio 
or New York. B-7315. 


ELECTRICAL MECHANICAL ENGINEER, 
35, single. Honors degree electrical engineering, 
15 years' experience design, estimating and ap- 
plication of switching equipment including truck 
types. Capable, industrious, pleasing personality, 
wide general knowledge of engineering, able to 
direct others and accept superior responsibility. 
Would consider opening in firm manufacturing 
allied products where opportunity exists for 
advancement. Location, anywhere. C-3723-1328. 

ASSISTANT TO EXECUTIVE, 28. married. 
Graduate of M. I. T., electrical engineer; two 
years shop and sales office large electrical manu- 
facturer; two years assistant job engineer, firm 
of consulting engineers; two years purchasing 
agent same firm: capable of handling responsible 
work independently. New York City or New 
England preferred but not restricted. C-3912. 

ELECTRICAL ENGINEER, 36, single. 12 
years’ experience, including central station 


design, equipment manufacture and test. Expert 
on control systems. New York preferred. 
C-3905. 

GRADUATE ELECTRICAL ENGINEER, 
24, single. One year out of college. Desires 
work along theoretical lines in communication or 
distribution, with large company. Considerabzre 
theoretical ability. Some experience in manu- 
facture of telephone apparatus. Location pre- 
ferred. New York City. C-2967. 

RECENT GRADUATE, 24, married. Has 
had experience in substation operation and main- 
tenance One season as concrete inspector, two 
seasons as railway instrumentman. In latter 
as chief of party. Also has had experience in 
sales and publicity work. Location, immaterial]. 
C-3962-7 12-C-4. 

DIVISION OR LOCAL MANAGER, 48, 
married. Sales Engineer speciali/jing rural de- 
velopment past four years, very large company. 
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desires position, division or local manager where 
rural development is contemplated. Five years' 
erperience, local manager properties; 22 years, 
total electric utility experience, construction, 
operation, maintenance, merchandising. Mini- 
mum salary $3300. Location preferred, East, 
Middlewest, Southwest.  C-3966. 

RADIO ENGINEER, 28, single. Five years' 
experience in three of New York's leading broad- 
casting stations as executive. Thoroughly edu- 
cated. Have operator's license. Will go any- 
where. C-1108. 

SALES ENGINEER, 33, single, graduate 
mechanical, radio and business college, speaking 
several languages, extensively traveled Europe 
and Orient-Manchuria, India, Egypt, desires 
traveling or commercial or technical work where 
his experiences are valuable. Location preferred, 
Far East or anywhere. O-3917. 

DISTRIBUTION ENGINEER, 39, married, 
prominent Eastern public utility, creditable 
record twenty-two years’ responsible experience, 
now free to form new connection as engineer- 
executive, as personal assistant to outstanding 
executive or similar capacity; energetic, American. 
Location preferred, Central Atlantic or Midwest 
States; not outside of U. S. A. C-3963. 

DISTRIBUTION AND TRANSMISSION 
ENGINEER. Seven years’ experience with two 
large public utility companies, desires to make a 
new connection with a public utility, preferably 
in mid-western states. Broad experience in both 
overhead and underground distribution and 
transmission, including small substation design, 
estimating. scheduling, budgeting etc. B-9354. 

ELECTRICAL ENGINEER, 30, married. 
Graduate E. E. General Electric Test 135 years; 
electrician and foreman on industrial maintenance 
and construction 24 years; 34 years generating 
and substation construction, with come experience 
on station operation, distribution, rates and 
services. Location preferred, United States, 
Canada. B-7637. 

SALES ENGINEER, of highest caliber. 
Twelve years’ experience in selling and servicing 
of technical apparatus to Central Station and 
industrial syndicates in Pennsylvania, Ohio, 
W. Va.. and Western New York. Graduate Elec- 
trical Engineer with "thorough practical train- 
ing and wide commercial experience, including 
advertising. C-2764. 

CHIEF ELECTRICIAN OR ASSISTANT, 
28, wingle. Engineering education: 10 years’ 
electrical experience, including construction, 
central station operation and elevator manu- 
facture. Thoroughly informed theoretically and 
practically. Elementary Spanish and fluent 
French. South America or other foreign location 
preferred. C-3985. 

SALES ENGINEER, 31, married. Technical 
graduate B. E. E. with an additional] year in 
commerce college, principal subjects in marketing 
Group. Experience: one year estimator for 
electrical contractor and two years sales analyst 
for automobiie company. Location preferred, 
Middle West. B 9865. 

ELECTRICAL ENGINEER, 36, married. 
Graduate 1% years G. E. Test: 8 years substation 
maintenance and construction, familiar with 
automatic substations; 314 years superintendent 
substation and H. T. underground construction 
and maintenance. Location preferred, West or 
Middle West. C-3986. 

ELECTRICAL ENGINEER, 40. Twenty 
years’ experience in public utility and indus- 
trial engineering. Desires responsible position 
with utility or large industrial company having 
charge of the economical selection, layout and 
installation of electrical equipment. Middle 
West preferred. B-9485. 

TESTMAN, 25, single. Technical graduate 
(Sweden), Experience; in a chemical laboratory 
six months, on underground cable construction two 
years, on standardization and development of 
instrument and meters, two years and meter 
testing leas than one year. Location mmaterial. 
C-3911. 
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GRADUATE ELECTRICAL ENGINEER, 
29, single, seven years’ experience; A-1 designer 
and writer of specifications for electrical and 
mechanical equipment, installation in office 
buildings, schools, theaters and hospitals. Com- 
petant layout man for heating systems, expe- 
rienced in supervision of electrical and mechanical 
installations. Desires permanent position, New 
York City. C-2268. 

JUNIOR SALES ENGINEER, 22, single. 
Cornell graduate, E. E. '27, clean-cut, aggressive 
type. Interested in motors or fans and blowers. 
Willing to enter training course. Has had selling 
experience. Location, preferably New York 
territory. OC-3990. 

POWER PLANT ECONOMY ENGINEER, 
A. 8. M. E. and A. I. E. E., 26, single. Two years 
of general shop work, such as foundry, machine 
shop, forging and heat treatment, etc. Two years 
of general power plant experience, such as 
assembly and testing of steam and oil engines, 
turbines, their operation and maintenance, sub- 
station operation, etc. Location, California or 
anywhere... C-3978. 

ELECTRICAL ENGINEER, 26, single, Swiss, 
graduate Eidg. Technische Hochschule, Zuerich. 
1% year student course, special study in steel 


construction, handling of material. Location, 
Latin America. C-3987. 
RECENT GRADUATE, 23, single. Six 


months of railway signal work, consisting of 
remodeling interlocking plants, some pole line 
construction and installation of automatic cross- 
ings. Two years selling technical books in a 
college book store. Location immateríal. C-3981. 

ELECTRICAL ENGINEER, 26, five yeras 
mil! construction and maintenance; two years as 
master electrician; one year central station 
maintenance; three years G. E. Test. Qualified: 
Junior Power Engineer, Acceptance Tester, 
Automatic Machine Switching Specialist. Loca- 
tion, near Providence, R. I. C-3998. 

ASSISTANT ELECTRICAL ENGINEER, 
24, single. Graduate of recognized technical 
college. Three years’ experience in engineering 
department of a large public utility operating in 
the vicinity of New York City. Experience in 
general, broad but specializing in system pro- 
tection and relays. Location, New York City 
or vicinity. B-8793. 

DISTRIBUTION ENGINEER, graduate, 25, 
married. Two years’ experience in estimating, 
design, construction, maintenance distribution 
systems. Also valuation and investigation elec- 
trical systems. C-4001. 

EXECUTIVE ENGINEER, 44, married, 
Protestant, seeks responsible position where 24 
years’ experience in the industry would appeal. 
Many years with Westinghouse and Crocker- 
Wheeler. Departmental manager for five years, 
ten years’ experience design of a-c. and d-c. 
machinery; latterly considerable sales experience. 
Unusually broad outlook on problems of the 
industry. C-30. 

ELECTRICAL AND MECHANICAL EN- 
GINEER, graduate, 31, married. 9 years’ 
experience including shop, experimental develop- 
ment, field service, electrical and mechanical 
design, application, reports, sales-engineering, 
coordination ideas, efforts of others. Particularly 
automatic substations, heavy traction. Engi- 
neering executive or engineering assistant to 
executive requiring analytical] thought, good 
judgment. Conscientious, hard worker capable 
assuming responsibility. C-3913. 

POWER PLANT ENGINEER, earning around 
$12,000 annually past few years, will invest 
$10,000 to $25,000 with services if conservative 
opportunity justifles. B-4363. 

ASSISTANT EXECUTIVE, 30, married. 
Degrees E. E. and B. S. Business training. 
Eight years' diversifled electrical and mechanical 
experience. Supervision four years. New equip- 
ment design and development.  Transmis- 
sion and distribution. Some sales experience. 
Desires connection with manufacturing, consulting 
or commercial organization requiring executive 
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ability. New York preferred, other locations 
considered. B-7315. 

GRADUATE ELECTRICAL ENGINEER, 
married. Wishes to obtain position in educational 
work in electrical engineering. Practical ex- 
perience includes electrical testing and measure- 
ments, power distribution and distribution 
system maintenance, patent practise in United 
States and foreign countries in acoustics, radio 
and allied branches of electrical engineering, some 
teaching experience. B-9639. 

OPERATING ENGINEER. Operation, main- 
tenance, construction hydroelectric plants, sub- 
stations, transmission lines, pumping plants, 
machine, electric and meter shops, thirteen years. 
Navy electrician, four years; steam, electric 
engineer, two years. International Correspon- 
dence School. Navy Electrical School. Univer- 
sity of Wisconsin, extension department, mathe- 
matics. Alexander Hamilton, modern business. 
Prefer western location. Salary according to 
responsibilities. C-3888. 

ELECTRICAL ENGINEER, 24, single, 1927 
graduate, B. S. degree in E. E., desires permanent 
position with public utility or manufacturing 
company dealing in electrical material. Has had 
five years’ practical experience. Location, Chi. 
cago. OC-306067-738. 

JUNIOR ENGINEER, 23, single. Opportunity 
for advancement desired by electrical-mechanical 
graduate. Has had varied experience: surveying. 
highline, substation, switchboard construction. 
Earned college expenses working in power plant; 
installing, maintaining equipment and wiring 
bulldings. Location, anywhere in United States. 
C-4008-1624. 

ELECTRICAL ENGINEER. graduate in 
E. E., 15 years’ experience. G. E. Test, anthra- 
cite coal flelds, large New York State power 
company, testing maintenance, inspection, elec- 
trical drafting and construction of power-houses. 
substations and transmission lines. Some steel 
millexperience. C-4012. 

GRADUATE. ELECTRICAL ENGINEER, 
26, single. Two years’ central station engineering 
experience with Westinghouse, also Westinghouse 
graduate student course. Desires permanent 
position with either a public utility or industrial 
concern. Location, immaterial. C-3901-81-C-1. 

EXECUTIVE ENGINEER, married. Tech- 
nical trained electrical engineer with 15 years’ 
experience steam generating stations, construction, 
operation, maintenance, distribution; desires 
position as superintendent, 30,000- to 50,000- kw. 
station: or similar responsible post. Speaks 
Spanish: knows native labor. Location, any- 
where, but preferably foreign. C-1372. 

ELECTRICAL ENGINEER, 34, single, de- 
gree E. E. Desires position with engineering 
concern or public utility requiring executive 
ability. Ten years’ experience covering engi- 
neering, design and valuation of power plants, sub- 
stations, transmission and distribution lines. 
Location, East. B-389. 

GRADUATE ELECTRICAL ENGINEER 
with seven years’ experience as superintendent of 
hydroelectric, rotary converter. and mill electrical 
equipment, installations, operation and mainte- 
nance. Capable organizer, experienced in handling 
men. Desires position with large manufacturing 
concern or public utility as electrical superinten- 
dent, engineering manager, or in engineering 
department with opportunity for advancement 
along executive lines. C-4013. 

ELECTRICAL ENGINEER, 20 years’ ex- 
perience. Graduate, 40. Specialist electrical 
applications. Experienced construction, instal- 
lation. Just completing installation 12,000 hp 
in motors, 12,000 kw. in turbo-generators and 
modernizing 5000 hp. in old motorized equipment 
large paper mill. Increased production 33 to 50 
per cent. Designed, developed successful drives, 
equipment for paper mills. Also steel mill 
experience. B-195. 

METER SPECIALIST, graduate E. E., 29, 
married. Ten years’ experience in general 
meter, relay and test engineering with public 
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utilities. Five years executive. Also con- 
siderable experience in distribution, power and 
industrial. engineering. Location, immaterial. 
C-4017. 

ELECTRICAL ENGINEER, American born, 
Christian, 42. Broad experience in design, 
development and practical manufacture of electri- 
cal apparatus and instruments. Eighteen years’ 
experience in electrical and mechanical engineering 
and manufacturing work. Thorougly familiar 
modern factory organization and administration. 
Executive, control of manufacturing labor and 
technical men. B-2721. 

TECHNICAL GRADUATE, Bliss Electrical 
School 1922, 25. Experienced in meter testing 
both single and polyphase. Also experience in, 
steel mill electrical construction and maintenance. 
Location, immaterial. B-7404. 

DRAFTSMAN, 26, married. . Graduate engi- 

neer, three years’ drafting experience on municipal, 
hydroelectric and copper smelter projects and 
three years’ plant experience as supervisor, desires 
position as draftsman with progressive concern, 
with chance for advancement. Location, Middle 
West. C-4015. 
, CONSTRUCTION FOREMAN, 34, married. 
Fifteen years' central station experience, including 
underground high tension cable installations. 
Technical high school graduate, two years night 
engineering. A man who really understands his 
work and can supervise high class installations. 
B-8839. 

GRADUATE ELECTRICAL ENGINEER, 
28, single, 43; years’ varied experience with two 
large public utility companies. Familiar with 
overhead distribution as to layout, maintenance, 
operation and construction. Some experience 
with gas distribution. Familiar with rates. 
Have done some research and statistical work. 
Prefer position as executive's assistant. Location 
preferred, United States. Good references. C-4027. 

ELECTRICAL ENGINEER, 24, married, 
graduate, transformer design, construction ex- 
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where initiative, application analytical ability 
wil insure possibilities for development and 
advancement. Location, east or middlewest. 
C-4018. 

ELECTRICAL ENGINEER, A. 1. E. E. and 
A. S. M. E., 39, single. 18 years’ experience. 
office and field, design and construction, steam 
and hydroelectric generating stations. substations, 
transmission lines, distribution systems.industrial 
power applications and maintenance in plants and 
buildings. Also testing experience. C-3587. 

SALES ENGINEER, 30, married. Five years’ 
sales experience, backed by five year factory and 
fleld service with Westinghouse. Technical 
graduate. Desires sales position where enginecring 
experience will be helpful. Location, vicinity of 
New York City. C-3990. 


ELECTRICAL ENGINEER, 30, graduate, 
single, wishes employment with a public utility 
or engineering company in Canada. Broad and 
thorough experience in the design, construction, 
and operation of substations, and transmission 
and distribution systems. Excellent organizing 
and administrative experience and ability. At 
present. employed as division engineer with large 
American utility. C-661. 


VALUATION ENGINEER, 29, with executive 
ability to assume responsibility. Electrical En- 
gineering graduate; 3 years in charge of ap- 
praisal work on numerous large industrial con- 
cerns; experience in equipment installation, 
building construction cost analysis, engineering 
reports and estimating. Location preferred, 
Pacific Coast States. C-4030. 


GRADUATE ELECTRICAL ENGINEER 
desires position with an industrial flrm or public 
utility. Two year Westinghouse test course. 
Two years’ distribution experience. Three years 
as assistant to electrical engineer of an industrial 
company. Five years’ experience on design and 
construction of substation and power plants. 
B-8379. 


MAINTENANCE ENGINEER, technical 


Journal A. I. E. E. 


operating in sub-stations and power stations. 
More recent experience in textile mills, as assistant 
to mechanical superintendent covering layouts 
for new work and changes. including blower 
systems. lighting, power, heating and ventilating 
and general mill maintenance. B-3794. 

SALES ENGINEER, 37, married. Technical 
graduate, twelve years’ experience in the develop- 
ment, production and sale of railway equipment, 
including power saving, lubrication, and draft 
appliances. Has had extensive experience in 
preliminary surveys, tests and installations. 
Location, immaterial. B-6873. 


ENGINEER, A. S. M. E. and A. I. E. E., 32, 
married, engineering: graduate. Planning. 
scheduling, estimating, budgetary, rate study. 
Some operating and design experience: seven years 
utility and four years industrial; available as 
assistant or department head. Now with large 
utility. B-9676. 


ELECTRICAL CONSTRUCTION OR 
OPERATING ENGINEER, 39, marrled. Wide 
experience in electrical construction and operation. 
Sixteen years as division engineer, general super- 
intendent of railways, power plants and sub- 
stations. Four and one-half years foreign con- 
struction service. Adaptable and diplomatic. 
Spanish spoken. Location preferred, States or 
Latin America. C-886. 


ENGINEER, technical graduate, 34, single, 
ten years’ experience; testing, writing specifica- 
tions, designing, development and executive work. 
Would like development work in vicinity of 
New York City, where new ideas would be of 
value. B-6970. 


ASSISTANT TO OPERATING SUPER- 
INTENDENT, electric utility or traction com- 
pany. 28, married, electrical graduate Worcester 
Polytechnic Institute, 15 months Westinghouse 
course railway and power work in shops, office 
and field; 274 years on new electrification, 
Cleveland, Ohio. 15 months appraisal engincer 
on distribution, transmission and railway, Ten- 


perience: one year purchasing department 

large public utility; now in charge electrical design graduate in electrical engineering. Experience nessee. Permanent position with future. Avail- 

of automatic welding machines, desires position covers installation and repairing of apparatus and able immediately. C-3997. 
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ASSOCIATES ELECTED JANUARY 23, 1928 Electrical Engineering Dept., University of BUEHNER, ROBERT  OTJEN, Electrical 
Cincinnati, Cincinnati, Ohio. Engineer, American Steel & Wire Co., 


ANDERSON, ELMER F., Testman, General 
Electric Co., Schenectady; for mail, Scotia, 
N. Y. 

ARNOLD, ERNEST EVERETT, Substation 
Operator, Bureau of Power & Light, 1125 
Bureau of Power & Light Annex Bldg., 
Los Angeles, Calif. 

ATKINSON, JAMES WILLIAM, Deputy Elec- 
trical Engineer, Head Office, British Engine- 
Boiler & Electrical Insurance Co.. Ltd., 
Fennel St., Manchester, Eng. 

BAKER, HAROLD HENRY, Testing Engineer, 
Electrical Machinery Dept., Royal Indemnity 
Co., 150 William St., New York, N. Y. 

BALDWIN, GURTH, Electrical Contractor, 
1105 State St., Erie. Pa. 

*BALET, JOHN, Student Engineer, E. L. 
Phillips & Co., Ocean Ave., Rockville Centre; 
for mail, Pelham, N. Y. 

BATE. HARRY REGINALD C., Electrical 
Engineer, Mazapil Copper Co. Ltd., 
Aranzazu. C. del Oro, Zacatecas, Mex. 

BATTEN, WENDELL BLAKE, Laboratory 
Foreman, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh; for mail. Wilkinsburg, Pa. 

*BAUER, PAUL S., Student, Harvard Univer- 
sity, Cruft Laboratory, Cambridge, Mass. 

BEALES, JOHN T.. Jr.. Specialty Construction 
Work, Beales Radio Elec. Co., San Anselmo; 
for mail, Berkeley, Calif. 

*BELL, DELAMAR TURNER. Teaching Fellow, 


BENSON. ARTHUR W., Testing Dept., 
Westinghouse Elec. & Mfg. Co., Springfield, 
Mass. 

BERNARD, WALTER, Engg. Dept., Habirshaw 
Cable & Wire Corp., Yonkers, N. Y. 

BILLINGS, PAGE A.. Electrical Engineer, 
General Electric Co., 920 Western Ave., 
West Lynn; for mail, East Lynn, Mass. 

BINNIE. WILLIAM COLE, Chief Electrician, 


Consolidated Mining & Smelting Co., 
Sullivan Concentrator, Chapman Camp, 
B.C., Can. 


BOGGS, JOHN I, Valuation Engg. Dept., 
Mountain States Tel. & Tel. Co., 800 14th 
St., Denver, Colo. 

BOLLOW, ALBERT JOHN, Jn. Student 
Engineer, General Electric Co., 1 River Road, 
Schenectady, N. Y. 

*BONAN NO, JOSEPH LOUIS, Engineer, Radio 
Corp. of America, 70 Van Cortlandt Park, 
South, New York; for mail, Forest Hills, 
N.Y. 

BROWN, GEORGE HENDERSON, Tester, 
New York Edison Co., 92 Vandam St., 
New York, N. Y. 

*BRUNNER, CARL A., Student, Elec. Test 
Course, Consolidated Gas & Electric Co., 
Madison St. Bldg., Baltimore. Md. 

*BRYANT. WALTER L., Jr., Student Enzinser, 
General Electric Co.. 1 River Road, Schenec- 
tady, N, Y. 


Waukegan. Ill. 

*BURRALL, HERBERT STERLING. Thoat- 
rical Elec:rician, Brooklyn Little Theatre, 
122 St. Felix St., Brooklyn. N. Y. 

*CARLSON, C. PAUL. Telephone Equipment 
Developmeat, Bell Telephone Laboratories, 
Inc., 463 West St.. Now York, N. Y.: for 
mail, Englewood, N. J. 

CARNEGIE, ANDREW, 
Pennsylvania-Ohio Power 
Youngstown. Ohio. 

CARRION, RICARDO ENRIQUE, Traveling 
Electrician, National Railways of Mexico, 
Estacion de Colonia-Depto.. Elect. y Teleg., 
Mexico City, Mex. 

CHAMPLAIN, CHARLES H., Works Manager, 
Westinghouse Elec. & Mfg. Co.. Sharon, Pa. 

CHILES, JOHN HUNTER, Jnr., Engineer, Dis- 
tribution Transformer Engg. Dept.. Westing- 
house Elec. & Mfg. Co., Sharon, Pa. 

CLAPP, NEWMAN BRYANT, Jr., Asst. Fore- 
man, Westinghouse Elec. & Mfg. Co., East 
Springfield Works, East Springfleld: res., 
Holyoke, Mass. 

CLARK, ALBERT M., General Electric Co., 
39 E. Genesee St., Buffalo, N. Y. 

COHN, BYRON EMANUEL, Instructor, Dept. 
of Physics, University of Denver, University 
Park, Denver, Colo. 


CONLON. RAYMOND F., Draftsman, Roch- 


Power, 
Co., 


Supt. of 
& Light 


Feb. 1925 


Uu 


ester Gas & Electric Corp., 86 Andrews St., 
- Rochester, N.Y. - 

CONNOR, JOHN FRANCIS, Motor Testing, 
Westinghouse Elec. & Mfg. Co., East Spring- 
field, Mass. 

CONRAD, RALPH WILLIAM, Tester, Westing- 
house Elec. & Mfg. Co., East Springfield; 
for mail, Springfield, Mass. 

COOK, WALLACE L., President, Reliable 
Electric Co., 3145 Carroll Ave., Chicago, Ill. 

COOLEY, CHARLES R., Chief Electrician, 
Vulcanite Portland Cement Co., Easton, Pa. 

DENARDO, JAMES D., Tester, Installation 
Dept., Western Electric Co., Inc., 1060 
Broad St., Newark. N.J. 

DERESIENSKI, ALBERT 8., Tester, Westing- 
house Elec. & Mfg. Co., East Springfield; 
for mail, Willimansett, Mass. 

DOMENZAIN, SALVADOR F., Electrical En- 
gineer, Distribution Dept., Mexican Light 
& Power Co., Ganta No. 20, Mexico, D. F., 
Mex. 

DONKIN, BYRAN, Student Engineer, General 
Electric Co.; for mail, International General 
Electric Co., Schenectady, N. Y. 

DUFAULT, JOHN ALEXANDER, Appraisal 
Engineer, Tennessee Utilities Commission, 
727 Power Bldg., Chattanooga, Tenn. 

DURGIN. RALPH, Asst. Engineer, General 
Electric Co.. 42 Centre St., West Lynn; for 
mail, Lynn, Mass. 

EAMES, HAROLD F., Small Motor Tester, 
Westinghouse Elec. & Mfg. Co., Page Blvd., 
Springfield, Mass. 

EATON, TEMPLE OSMAN, Testing, Dept., 
General Electric Co., 1 River Road, Schenec- 
tady, N. Y. 

EIDEM, EARL LORCK, Designer, Public 
Service Co. of Northern Illinois, 72 W. Adams 
Sst., Chicago. Ill. 

ELLIOTT, DOUGLAS A., Student, Columbia 
University, New York, N. Y.; for mail, 
Orange, N.J. 

*EVIEN, HAAKON MUUS, Research Assistant, 
California Institute of Technology, Pasadena, 
Calif. 

*FAIRBURN, ABRAHAM J. B., Instructor in 
Electrical Engineering, Cooper Union, Hewitt 
Bldg., New York, N.Y. 

FINNEN, W. J., Mechanical Engineer, Engg. 
Dept., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

*FISHMAN, SOLOMON, Instructor in Electric- 
ity, Newark College of Engineering, 367 
High St., Newark, N.J. 

FORTIER, RALPH LAWRENCE, Test Equip- 
ment Designer, Westinghouse Elec. & Mfg. 
Co., East Springfield; for mail, Springfield, 
Mass. — 

*FULLER. MELVILLE WHITAKER, Junior 
Engineer, Victor Talking Machine Co., 
Camden, N. J.; for mail, Mt. Airy, Phila- 
delphia, Pa. 


GARTHUS, IRA BENJAMIN, Office Engineer, 
Northern States Power Co., 15 So. 5th St., 
Minneapolis, Minn. 


GOOLD. HOWARD PARKER, Small Motors 
Tester, Westinghouse Elec. & Mfg. Co., 
Page Blvd., Springfleld, Mass. 

GRIBBLE, ARTHUR JAMES, Testing Dept., 
General Electric Co.; for mail, International 
General Electric Co., Schenectady, N. Y. 


GRUMBLY, WILLIAM T., Tester, New York 
Edison Co.. 92 Vandam St. New York; 
for mail, Brooklyn, N. Y. 


HAAS, CLARENCE HARVEY, Instructor of 
Electricity, Los Angeles City Schools, 451 
N. Hill St., Los Angeles, Calif. 


*HAENDLER, ANTON THEODORE, Test 
Man, Edison Electric Illuminating Co. of 
Boston, 1165 Massachusetts Ave., Roxbury; 
for mail, West Roxbury, Mass. 

HAGEN, ALBERT M., Asst. Electrical Engineer, 
standard Underground Cable Co., Perth 
Amboy, N.J. | 
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HAGENGUTH, JULIUS H., Student Engineer, 
Transformer Engg. Dept., General Electric 
Co., Pittsfleld, Mass. 

HALSTEAD, G. W., Jr., Student Engineer, 
General Electric Co., Schenectady, N. Y. 

*HAMPE, GEORGE WILLIAM, Testing Dept., 
Commonwealth Edison Co., 28 Wacker Drive, 
Chicago, Ill. 

HART, EUGENE A., Sales Engineer, Pacific 
States Electric Co., 385 E. 2nd St., Los 
Angeles, Calif. 

*HARTMAN, FRANK CHARLES, Test Work, 
General Electric Co., 103 Nott "Terrace, 
Schenectady, N. Y. 


HEATHCOTE, HERBERT PRAY. Motor 


Tester, Westinghouse Elec. & 
Page Blvd., Springfield, Mass. 

HERRICK, WILLIAM JAMES, Motor Tester, 
Westinghouse Elec. & Mfg. Co., Springfield, 
Mass. 

*HESSE, ALEXANDER NEDELKOVICH, 
Engineering Assistant, New York Edison Co., 
327 Rider Ave., Bronx; for mail, Jamaica, 


Mfg. Co., 


N.Y. 
HOCHMILLER, CARL, Electrical Designer, 
Stone & Webster, Inc., 49 Federal St., 


Boston; res., Cambridge, Mass. 

HOWE, K. L. Electrical] Engineer, Westing- 
house Elec. & Mfg. Co., 800 Lloyd Bldg. 
Seattle, Wash. 

JOHNSON, HARRY RICHARD, Works & 
Road Engineer, Member of Firm, Schneider 
Electrical Works, 1108 Farnam St., Omaha, 


Nebr. 

*JOHNSON, J. KELLY, Instructor in Electrica] 
Enginecring, Columbia University, New 
York. N. Y. 


KENNEDY. L. P., Salesman, General Electric 
Co., 1314 Oliver Bldg.. Pittsburgh. Pa. 
KENNY, BRIAN M., Asst. to Supt., Scarboro 
Hydro-Electric System. Council Chambers, 

Birch Oliff; for mail, Toronto, Ont., Can. 

KING, BRUCE L., Member of Firm. King Bros., 
718 So. Clinton St., Syracuse, N. Y. 

*KLEIST, MYRON RAYMOND, Student, 
Armour Institute of Technology, Chicago, Ill. 

KRATZER, JOHN J., Chief Electrician, Lehigh 
Portland Cement Co., Fogelsville Plant, 
Allentown: for mail, Wescoesville, Pa. 

KRIEG, HAROLD C., Small Motor Curve 
Tester. Westinghouse Elec. & Mfg. Co., 
East Springfield: res., Springfield, Mass. 

LANGDON, HOWARD JOHN, Electrical Engi- 
neer & Contractor, 640 Fort St., Victoria, 
B. C., Can. 

LANGGUTH, PAUL O., Design Engineer, 
Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh; for mail, Wilkinsburg, Pa. 

LANGORD, ALFONSO M., Design Engineer, 
Duquesne Light Co., 435 6th Ave., Pitts- 
burgh, Pa. 

*LEERBURGER, FRANKLIN J., Apprentice 
Engineer, Duquesne Light Co., 435 6th Ave., 
Pittsburgh, Pa. 

LICHT, HENRY M., Service Manager, Williams 
Hardware Co., Streator, Ill. 

LINDSAY, RICHARD W., Engineer of Methods 
& Materials, Mountain States Tel. & Tel. 
Co., 402 Administration Bldg.. Denver, Colo. 

*LISSMAN, MARCEL ALFRED, Electrical 
Engineer, Western Precipitation Co., 1016 
W. 9th St., Los Angeles, Calif. 

LITTLE, CHARLES S., General Electric Co., 
39 E. Genesee St., Buffalo, N. Y. 

LONGOBARDI, BATHOLOMEW GEORGE, 
Tester, New York Edison Co., 243 A. Reid 
Ave., Brooklyn, N. Y. 

*LOWRY, LEWIS R., Member of Technical 
Staff, Bell Telephone Laboratories, Cliffwood, 
N.J. 

*LUTGEN, CONRAD JULIUS, Asst. Engineer, 
Outside Plant Bureau, Brooklyn Edison Co., 
380 Pearl St., Brooklyn. N. Y. 

*LYONS, JOHN McKUNE, Student Engineer, 
General Electric Co., River Works, 920 
Western Ave., West Lynn: for mail, Lynn, 
Mass. 


*MURPHY. MARION E. 
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*XMACCARTHY, DONNELL D., Instructor, 
School of Electrical Engineering, Cornell 
Unífversity, Franklin Hall, Ithaca, N. Y. 

MAHAL, BASANT SINGH, Asst. Foreman, 
Elec. Dept. Heavy Repair Workshops, 
Mechanical Transport, Chaklala, Rawalpindi, 
India. l 

MERRY, ROBERT EDWARD, Student Engi- 
neer, Testing Dept., General Electric Co., 
Schenectady, N. Y.; for mail, Toronto, Ont., 
Can. 

MESSIER, WILFRID JOSEPH, Experimental 
Motor Tester, Westinghouse Elec. & Mfg. 
Co., Page Blvd., East Springfield; res., 
Holyoke, Mass. l 

*METCALF, CHARLES NELSON, General 
Tester, Testing Dept., New York Edison 
Co., 92 Vandam 8t., New York; for mail, 
Hartsdale, N. Y. 

MEUREN, WALTER HENRY, Rola Co., 498 
Moss Ave., Oakland, Calif. 

MONKHOUSE, WALTER ISAAC, Ass't. Elec- 
trical Engineer, Dept. of Public Works, 
Brisbane, Queensland, Australia. 

*MOORE, SAMUEL EARLE, Engineer, Rural 
Service Dept., Chester Valley Electric Co., 
258 E. Main St., Coatesville, Pa. 

Junior Engineer, 
Bell Telephone Laboratories, Inc., Chicago., 
Til. 

NEWHOUSE, HOMER EARL, Electrical Engi- 
neer, Westinghouse Elec. & Mfg. Co., Page 


Blvd., East Springfield; res., Springfield, 
Mass. 
*NEWTON, EDWARD TAYLOR, "Technical 


Dept., American Brass Co., 414 Meadow St., 
Waterbury, Conn. 

NICKERSON, OGDEN, Construction Dept., 
General Electric Co., 230 S. Clark St., 
Chicago, Ill.; for mail, New Carlisle, Ind. 

NOYES, JAMES A., Asst. Operator, Turner 
Falls Power Co., Turner Falls; res., Spring- 
field, Mass. 

*NULL, FAY EDISON, Electrical Engineer, 
Western Union Telegraph Co., 195 Broadway, 
New York, N. Y.; for mail, Leonia, N. J. 

*O'DWYER, JOHN M., Student Engineer, 
Southern Sierras Power Co., Riverside, Calif. 

OWEN, ROBERT HANCOCK, Engineer in 
charge KOA, General Electric Co., 1370 
Krameria St., Denver, Colo. 

*PARSONS, RICHARD B., Elec. Engg. Dept., 
Narragansett Electric Lighting Co., Provi- 
dence, R. I. | 

PETTYJOHN, JOHN GOODE, Testing Dept., 
General Electric Co., 1 River Road, Schenec- 
tady, N. Y. 

POWELL. ROBERT WENDELL, Testing Dept., 
General Electric Co., 1 River Road, Schenec- 


tady, N. Y. 

REI, PAUL FRANCIS, 3675 Broadway, New 
York, N.Y. 

RONEY, CLYDE ELLIS, Sales Engineer, 
Westinghouse Elec. & Mfg. Oo., 2303 


Kennedy St., N. E., Minneapolis, Minn. 

RUSH, PHILIP ELIAS, Instructor id Electrical 
Engineering, University of Pittsburgh, 207 
Thaw Hall, Pittsburgh; for mail, Wilkins- 
burg, Pa. 

RUSSOMANDO, ALFONSO M., General Elec- 
tric Co., 308 Summer Ave., Newark, N. J. 

*SABBAGH, ELIAS MORSHED, Graduate 
Assistant, Michigan State College, East 
Lansing, Mich. 

SAHGAL, SUKHBASHI RAM, Assistant Elec- 
trical Engineer, Public Works Dept., Secre- 
tariat, Fort, Bombay, India. 

SALVATORI, HENRY, Chlef of Geophysical 
Exploration Party  (Seismograph), Geo- 
physical Research Corp. 65 Broadway, 
New York, N. Y.; for mail, Tulsa, Okla. 

SCHAEFER, EDWARD J., Electrical Engineer, 
General Electric Co., Fort Wayne, Ind. 

SEDGWICK, ATWOOD, FOSTER, Engineer, 
Central Hudson Gas & Electric Corp.. 611 
Broadway, Kingston, N. Y. 
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SMALL, WILLIAM HENRY H., Electrical 
Tester, Westinghouse Electric & Mfg. Co., 
East Springfield; for mail, Springfield, Mass. 

SMALLEY, MATTHEW F., Meter Engineer, 
Ohio Power Co., 606 2nd St., S. E., Canton, 
Ohio. 

SMITH, HARRY BROMILOW, Testing Dept., 
General Electric Co., Erie; for mail, Lawrence 
Park, Erie, Pa. 

SMITH, LAWRENCE W., Chief Draftsman, 
English Electric Co. of Canada, St. Cath- 
arines, Ont., Can. 

*SMITH, REYNOLDS EUGENE, Asst. Engi- 
neer, Public Service Co. of Northern Illinois, 
1335 Edison Bldg., 72 W. Adams St., Chicago, 
Ill. 

*SOLODOFF, VASILY JACOB, Estimator, 
Engg. Dept.. Westchester Lighting Co., 
First St. & First Ave., Mt. Vernon, N. Y. 

SPANBAUER, RAYMOND J., General Electric 
Co., 39 E. Genesee St., Buffalo, N. Y. 

SPENCER, DONALD NIELANDS, General 
Manager, Guatemala Gold Dredging Co., 
Morales, Guatemala, C. A. 

STEVENS, CHARLES VERNON, District 
Sales Manager, Locke Insulator Corp., 
1317 Oliver Bldg., Pittsburgh, Pa. 

TAYLOR, JOHN BYRD, Asst. Power Engineer, 
Appalachian Electric Power Co., Lynchburg, 
Va. 

*TIPTON, EARL WALTER, Electrical Engineer, 
Transformer Engg. Dept., Westinghouse 
Elec. & Mfg. Co., Sharon, Pa. 

*TOWNER, ORRIN WILSON, Radio Apparatus 
Development Dept., 311-B, Bell Telephone 
Laboratories, 463 West St., New York, N. Y. 

TUCK, HARRY PLAYFORD, Westinghouse 
Elec. & Mfg. Co., East Pittsburgh, Pa. 

VON AHN, ADOLPH J., Superintendent. Enter- 
prise Electric Works, 654 Mission St., San 
Francisco, Calif. 

WALLIS, CHARLES WILLARD, Student 
Engineer, General Electric Co., Lynn, Mass. 

WALLIS, CLIFFORD M., Student Engineer, 
General Electric Co., River Works, Bldg. 
86, Lynn, Mass. 

WARTH, STANLEY, Div. Transmission Engi- 
neer, Southern Bell Tel. & Tel. Co., Jackson, 
Miss. 

*WEEDFALL, WILLIAM WALLACE, Carrier 
Systems Engineer, Southwestern Bell Tele- 
phone Co., 801 Wholesale Merchants Bldg., 
Dallas, Texas. 

*WENTZ, EDWARD CHARLES, Electrical 
Engineer, Transformer Engg. Dept., Westing- 
house Elec. & Mfg. Co., East Pittsburgh; 
for mail, Wilkinsburg, Pa. 

*WILLIAMS, WILLIAM ROWE, Distribution 
Engineer, Northern States Power Co., 
Minot, No. Dakota. 

*WILSEY, KENNETH CHARLES, Test Engl- 
neer, New York Edison Co., 92 Vandam St., 
New York; for mail, Brooklyn, N. Y. 

*WINTER, FRANCIS EDWARD, Student 
Engineer, General Electric Co., Schenectady, 
N. Y. 

WISE, RAYMOND OWEN, Research Assistant, 
Bell Telephone Laboratories, Inc., 463 West 
St., New York, N. Y. 

*WOLL, WILLARD M.. Cadet Electrical 
Engineer, Northern Indiana Public Service 
Co., Hammond, Ind.; for mail, Chicago, Ill. 

*WOOD. JAMES, Jr., 206 E. 36th St., New York, 
N.Y. 

YOUNG, GLENN 8., Industria! Engineer, 
Kansas City Power & Light Co., 1330 Grand 
Ave., Kansas City, Mo. 

Total 143. 

*Formerly enrolled Students, 


ASSOCIATES REELECTED 
JANUARY 23, 1928 
BEALE, STANLEY H., Electrical Engineer. 
Aluminum Co. of American, Massena, N. Y. 
MURPHY, HOWARD E., Electrical Engineer, 
Stone & Webster, Inc., 49 Federal St., 
Boston, Mass. 


INSTITUTE AND RELATED ACTIVITIES 


MEMBERS ELECTED JANUARY 23, 1928 
BALL, THOMAS FAUNTLEROY, Vice-Pres- 
ident, Rowe, Ball & Sumwalt, Inc.: Head, 
Electrical Engineering Dept., University of 
South Carolina, Columbia, 8. C. 
CARPENTER, LOUIS G., Consulting Engineer, 
702 1st National Bank Bldg., Denver, Colo. 
CATE, CARROLL LEE, Consulting Engineer. 
1111 Beaver Hall Hill, Montreal, P. Q., Can, 


HIND, BERT S., Electrical Superintendent, 
Andes Copper Mining Co., Casilla B, Potrer- 
illos, via Antofagasta, Chile, So. Amer. 

LAWRENCE, JOHN HENRY, Vice-President, 
Thomas E. Murray, Inc., 55 Duane &8t., 
New York, N. Y. 

RICHARDSON, HARVEY J., Tata Hydro- 
Electric Power Supply Co., Ltd., Bombay, 
India. 

SCHAELCHLIN, WALTER, Electrical Engi- 
neer, Control Engg. Dept., Westinghouse 
Elec. & Mfg. Co., East Pittsburgh, Pa. 

TREVINO, GUSTAVO L., In charge, Long Lines 
Dept., Mexican Tel. & Tel. Co., Donato 
Guerra 13, Mexico, D. F., Mex. 


TRANSFERRED TO GRADE OF FELLOW 
JANUARY 23, 1928 


SEARING, EMERY DeFOREST, Advisory 
Engineer, Portland Electric Power Co., 
Portland, Oregon. 

SIMONS, DONALD M., Development Engineer, 
Standard Underground Cable Co., Pitte- 
burgh, Pa. 


TRANSFERRED TO GRADE OF MEMBER 
JANUARY 23, 1928 

AMY, ERNEST V., Engineer, Radio Corporation 
of America, New York, N. Y. 

COLEMAN, HARRY C., Manager of Marine 
Engineering, Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

CREIM, B. W., Electrical Engineer, Modesto 
Irrigation District, Modesto, Calif. 

FRAMPTON, ARTHUR H., Assistant Electrical 
Engineer, Hydro Electric Power Comm., 
Toronto, Ont. Canada. 

HANNON,J.WALTER, General Supt. of Plant, 
Indiana Beil Telephone Co., Indianapolis, 
Ind. 

HUND, AUGUST, Electrical Engineer, U. S. 
Bureau of Standards, Washington, D. C. 

KINNARD, ISAAC F., Electrical Engineer, 
General Electric Co., West Lynn, Mass. 

KLINE, C. HOWARD, Assistant Engineer, 
General Electric Co., Pittsfield, Mass. 

LARSEN, C. J., Consulting Engineer, Automatic 
Elec., Inc., Chicago, Ill. 

MARSHALL, NORMAN, Mfg. and Consulting 
Engineer, Bridgeport, Conn. 

McANGE, WILLIAM N., President, Inter- 
Mountain Telephone Co., Bristol, Tenn. 


McCULLOUGH, PHILLIP M., Vice President 
and Chiief Engineer, Mexican Telephone & 
Telegraph Co., Mexico, D. F. Mexico. 


NOBLE, PAUL O., Engineer in charge D. C. 


. Apparatus Dept., General Electric Co., 
Fort Wayne, Indiana. 
ORCUTT. GUY H., Electrical Engineer, 


Michigan Alkali Co., Wyandotte, Mich. 
TILLOTSON, C. C., Electrical Engineer. United 
Verde Copper Co., Clarkdale, Arizona. 
VANDERVOORT, GERALD A., General Supt., 

N. B. E. P. Comm., St. John, N. B. Canada. 
WATERS, JAMES 8., Instructor in Electrical 
Engineering. Rice Institute, Houston, Texas. 
WEST, HARRY R., Electrical Engincer, General 
Electric Co., Pittsfield, Mass. 
WINTERER, HORACE K., Commercial Engi- 
neer, General Electric Co., Los Angeles, Cal. 
WRIGHT, PAUL L. Member of Technical 
Staff, Bell Telephone Labs., New York. 
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RECOMMENDED. FOR TRANSFER 


At its meeting held January 18, 1928, the Board 
of Examiners recommended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should be filed 
&t once with the National Secretary. 


TO GRADE OF FELLOW 


PIERCE, DANA, President, Underwriters' Lab- 
oratories, Chicago, Ill. 


TO GRADE OF MEMBER 


ANDERSEN, JOHAN M., President, Albert 
and J. M. Andersen Mfg. Co., Boston. Mass. 

BLIEM, HOWARD M., Associate Electrical 
Engineer, U. S. Bureau of Reclamation, 
Denver, Colorado. 

BOYCE, BENJAMIN K., Chief Engineer, N. Y. 
Telephone Co., Albany, N. Y. 

COTTER, WILLIAM F. Radio Engineer, 
American Bosch Magneto Corp., Springfield, 
Mass. 

DICKINSON, LEONARD P., Prof. of Electrical 
Engineering, University of Vermont, Burling- 
ton, Vt. 

DRAPER, GEORGE W. E., District Switch- 
board Specialist, General] Electric Co., New 
York, N. Y. 

EDGAR, HARRY T., Division Manager, Stone 
& Webster, Inc., Boston, Mass. 

FIELD, HORACE H., Secretary in charge of 
Research and Investigation for various 
Working Committees of N. E. L. A. and ite 
Divisions, Chicago, Ill. 

GASTONGUAY, EMILE, Manager, 
Gold Mines Co., Thane, Alaska. 

GEORGE, LEROY E., Distribution Engineer, 
Philadelphia Electric Co., Philadelphia, Pa. 

HUNTER, THOMAS M., Engineer and Sales 
Manager, American Transformer Oo.. 
Newark, N. J. 

KEISER, MORRIS, Electrical Engineer, L. H. 
Wentz Oil Division, Ponca City, Okla. 
LAGERSTROM, DAVID R., Asst. to Supt. of 
Pr., Ht. & Lt., General Electric Co., Schenec- 

tady, N. Y. 

LIPPINCOTT, DONALD K., Electrical Engi- 
neer, Charles S. Evans, Patent Attorney, 
San Francisco, Cal. 

MAHOOD, EDWIN T., Engineer. Southwestern 
Bell Telephone Co., Kansas City, Mo. 

MIDGLEY, HARRY, Switchboard Engineer, 
British Thomson Houston Co., Ltd., London, 
N. W., England. 

MURDOCK, ALFRED W., Assistant Engineer, 
Hydro-Electric Pr. Com., Toronto, Ont., 
Canada. 

O'BANION, ALBERT LEE, Instructor in Elec- 
trical Engineering. Cornell University, Ithaca, 
N.Y. 

ROE, FREMONT L., Phoenix, Arizona. 

RUBEL, WALTER G., Transmission Engineer, 
Mountain States Tel. & Tel. Co., Denver, 
Colorado. 


VANDERSLUIS, WARREN M., Electrical 
Engineer, Chicago Terminal Improvement, 
Illinois Central Raílroad, Chicago, Ill. 

YUILL, ALEXANDER C. R., Consulting Engi- 
neer, Vancouver, B. C., Canada. 


Alaska 


APPLICATIONS FOR ELECTION 


Applications have been received by the Secre- 
tary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a grade higher than Asso- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Sccretary before February 29, 1928. 

Abakumoff, K. V., Texas Power & Light Co., 
Dallas, Texas 
Abbott, L., Stone & Webster, Inc., Boston, Mass. 


Ahlstroem, K. E., Stone & Webster, Inc., Boston, 
Mass. 


Feb. 1928 


Arnell, J. C., Brooklyn Edison Co.. Brooklyn, 
N.Y. 

Arvidson, C. E., Commonwealth Power Corp.. 
Jackson, Mich. l 

Babcock, F. H., General Electric Co., New York, 
N. Y. 

Bailey, R. A., Detroit Edison Co., Detroit, Mich. 

Basu, S. K., General Electric Co., Pittsfield, Mass. 

Beardslee, R. W., Appalachian Electric Power 
Co., Huntington, West Va. 

Beedy, H., Western Electric Co., Chicago, Ill. 

Blake, Ivan A., Stone & Webster. Inc., Boston, 
Mass. 

Blomquist. E. A., Rensselaer Polytechnic ln- 
stitute, Troy, N. Y. 

Bonham. W. E.. Wostinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 


Bonner. J. R.. Electrical Contractor, Alturas, 
Calif. 

Brandt, R. H., General Electric Co., Schenectady, 
N.Y. 

Brevoort, H. W., New York Edison Co. New 
York, N. Y. 


Brookins. H. H., Westinghouse Elec. & Mfg. Co.. 
East Pittsburgh. Pa. 

Brownlee, W. N.. Stone & Webster, Inc., Boston, 
M ass. 

Cawdrey. M. M., Columbia Engg. & Mgt. Corp., 
Cincinnati, Ohio 

Chiofale, F. P., Brooklyn Edison Co., Brooklyn, 
N.Y. 

Chitty. H. R., Jr., Home Tel. & Tel. Co., Spokane, 
Wash. 

Clark, K. B., Burlington Public Elevator Co., 
St. Joseph, Mo. 

Cozzens, B., San Jose. Calif. 

Cummings. H. S., Stone & Webster, Inc., Boston, 
Mass. 

Davidson, J. I., Montana Power Co.. Butte, Mont. 

Davis. G. W., Penn-Ohio Power & Light Co., 
Andover, Ohio 

Deimel. F. H., Pacific Tcl. & Tel. Co., San Rafael, 
Calif. 

Ekey, F.J.. Cuuer-Hammer Mfg. Co., Milwaukee, 
Wis. 

Eppley. I. C., Columbia Engineering & Manage- 
ment Corp., Dayton. Ohio 

Errickson. J. E.. Camden Coke Co., Plant of 
Public Service Elec. & Gas Co., Camden, 
N.J. 

Evans, E. A., General Electric Co., Schenectady, 
N.Y. , 

Fellows, W. H., Jr., Potomac Electric Power Co., 
Washington, D.C. 

Fenstermacher, G. D., Allentown School District, 
Allentown, Pa. 

Ficker, O. E.. Pennsylvania Power Co., Sharon, 
Pa. 


Fischer, Hyman, 723 5th Ave., San Francisco, 
Calif. 
Fisher, S. G., Stone & Webster, Inc., Boston, 


Mass. 

Foulk, N.. Chicago Fuse Co., Philadelphia, Pa. 

Frey, A. E., Pacific Power & Light Co., Ken- 
newick, Wash. 

Goldman, A. S., General Electric Co.. Schenec- 
tady, N.Y. 

Greisser, V. H., (Member). Washington Water 
Power Co.. Spokane, Wash. 

Grodkiewicz. W. R., General Electric Co., Cin- 
cinnati. Ohio 

Gross, P. T.. Aluminum Co. of America. Cleve- 
land, Obio 

Hartmann. H. G.. General Electric Co.. Phila- 
deiphia, Pa. 

Harvey. E. W.. Westinghouse Elec. & Mfg. Co., 
Kansas City, Mo. 

Heitkamp. 1. H.. Toledo Edison Co., Toledo, Ohio 


Henschel, C. J.. Chas. J. Henschel Co. Inc., 
New York, N. Y. 

Herbst, P. J., Victor 
Camden. N.J. 

Hicks. M. H.. Carolina Power & Light 
Asheville. N. C. 

Hillier, R. E. W., British Columbia Elec. Hwy. 
Co.. Vancouver, B. C., Can. 


Talking Machine Co., 


Co.. 
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Hoard, N. F., General Electric Co., Schenectady, 
N. Y. 

Hoffman, R. A., Cutler-Hammer 
Milwaukee, Wis. 


Mfg. Co., 


Hogan, B., Homestake Mining Co., Lead, So. 
Dakota 

Hopkins, A. R., Day-Fan Electric Co., Dayton, 
Ohio 


Howell, W. L., Columbus Railway, Power & 
Light Co.. Columbus, Ohio 

Hughes, E. D., Scranton Electric Co., Scranton, 
Pa. 

James. W. H., Public Service Electrice & Gas Co. 
of N. J., Newark, N.J. 

Jamieson, R. J., Pennsylvania Power Co., Sharon, 
Pa. 

Joesting, F. D., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Johnson., R. J., General Electric Co., Schenectady, 


N.Y. 

Kelley, A. E., Stone & Webster, Inc., Boston, 
Mass. 

Knapp, F. H., General Railway Signal Co., 


Rochester, N. Y. 

Kuechle, T. F., Central High School, Columbus, 
Ohio 

Lackie, W. J., Stono & Webster, Inc., Boston, 
Mass. 


Lang, A. G., (Member), Hydro-Elec. Pr. Comm. 


of Ontario, Toronto, Ont., Can. 

Lipscomb, E. W., Western Union Telegraph Co., 
Dallas, Texas 

Little, G. M., (Member), Westinghouse Elec. & 
M fg. Co., Pittsburgh, Pa. 

Lull. A. D., General Electric Co., Philadelphia, Pa. 

Macey, R., The Macey Sign Co., Ltd., Toronto, 
Ont., Can. 

Macferran, Mabel, Southern California Edison 
Co., Alhambra, Calif. 

Maddocks, J. H., Stone & Webster, Inc., Boston, 
Mass. 

Maghenheimer, F., Jr., New York Edison Co., 
New York, N. Y. 

Maloney, C. W., Stone & Webster, Inc., Boston, 
Mass. 

Manson, H. E., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh. Pa. 

Masin, F., Jr., Electrical Testing Laboratories, 
New York, N. Y. 

May, M. S., Speer Carbon Co, St. Marys, Pa. 

Menmuir, J. B., General Electric Co., Pittsfield, 
Mass. 

Minero, H., Public Service Production Co., 
Newark, N.J. 

Moon, W. H., National Malleable & Steel Casting 
Co., Sharon, Pa. 

Morris, F. L., New England Tel. & Tel. Co., 
Springfleld, Mass. 

Motto, C. E., Edison Storage Battery Co., 
Washington, D. C. 

Nagle, G. S., New York Edison Co., New York, 
N.Y. 

Noyes, E. A., Potomac Electric Power Co., 
Washington, D.C. 

Odell. N. S., Rochester Gas & Electric Corp., 
Rochester, N. Y. 

Olmsted, F. A., Stone & Webster & Blodgett, 
Boston, Mass. 

Otte, E. C., Delta-Star Electric Co., Chicago. 


Ill. 

Perez, C. A., Carolina Power & Light Co., Raleigh, 
N.C. 

Perkins, C. G., Stone & Webster, Inc.,' Boston, 
Mass. 

Perkins, E. W., Stone & Webster, Inc., Boston, 
Mass. 

Powell, R. E.. Western Electric Co., Inc., Kearny. 
N.J. 

Rauth, A. W., Commonwealth Power Corp., 
Jackson, Mich. 

Reed. R. A., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 


Richterkessing. F. H., Nachod & U.S. Signal Co., 
Louisville, K y. 

Roberts, G. T., Pennsy vlvania Power Co., Sharon, 
Pa. 
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Rodriguez, L. E., Teacher, Electrical Subjects, 


Chicago, Ill. 

Romander, H., General Electric Co., Schenectady, 
N.Y. 

Rose, E. B., New York Edison Co., New York, 
N.Y. 


Rowley, J. F., Binghamton Light, Heat & Power 
Co., Binghamton, N. Y. 

Salus, F., Stone & Webster, Inc., Boston, Mass. 

Sanford, F. E.. Union Gas & Electric Co.. Cin- 
cinnati, Ohio 

Scheuch. G. C., Potomac Electric Power Co., 
Washington, D. C. 

Schmitt, E., Commonwealth Edison Co., Chicago, 


Ill. 

Schrier, D. P., Scranton Electric Co., Scranton, 
Pa. 

Schweppe. W. A., University of Minnesota, 


Minneapolis, Minn. 

Sedgwick, K. G., Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 

Seigal, J. A., New York Telephone Co., New York, 
N. Y. 

Setzer, M. W., Canadian School of Electricity, 
Montreal, P. Q., Can. 

Smith, C. L., Rochester Gas & Electric Corp., 
Rochester, N. Y. 

Smith, G. V., Bell Telephone Laboratories, 
New York, N. Y. 

Smith, H. C., Southern California Edison Co., 
Los Angeles, Calif. 

Smith. P. C., International Nickel Co. of Canada, 
Ltd., Frood Mine, Ontario, Can. 

Snead. S., Proprietor, Radio Service, Milwaukee, 
Wis. 

Southard, F. L, Stone & Webster, Inc., Boston, 
Mass. 

Starr, E. W., Worcester Polytechnic Institute, 
Worcester, Mass. 

Stellrecht, W. A.. Graham & Norton, 
New York, N. Y. 

Swanson, E. H., New York Edison Co., New York, 
N.Y. 

Swiedom, K. L., West Texas Utilities Co., Abilene, 
Texas 

St. Auburn, W. M., Associated Gas & Electric 
Co., Oneonta, N. Y. 

Taylor. J. W. R., (Member), Canadian Westing- 
house Co., Ltd., Toronto, Ont., Can. 

Thompson, R. M., 318 Westminster Road, 
Brooklyn, N. Y. 

Toussieng, C. P., Pacific Tel. & Tel. Co., Spokane, 
Wash. 

Vance, C. L., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Vandegrift, J. A., Coplay Cement Mfg. Co., 
Coplay, Pa. 

Verwoert, H. C., General Electric Co., Schenec- 
tady, N. Y. 

Villafana, R., F. F. C. C. Nacionales de Mexico, 
Estac., Colonia, Mexico D. F., Mex. 

von Hoorn, F. G., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Walker, J. R., U. S. Bureau of Reclamation, 
Denver, Colo. 

White, W. L., Stone & Webster, Inc., Boston, 
Mass. 

Whiting, L. 
Mass. 

Williams, C. S., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Wolfe, A. W., 601 N. 13th St., Allentown, Pa. 

Wolfe, I. D., 663 South West Temple St., Salt 
Lake City, Utah 

Worth, A. M., Brooklyn Edison Co., Brooklyn, 


Inc., 


M., Stone & Webster, Inc., Boston, 


N. Y. 

Wotherspoon, H. H , M. Klein & Sons Chicago, 
Hl. 

Worthington, E., Stone & Webster, Ine., Boston, 
Mass. 


Wright, R. S., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 
Total 135. 
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Foreign 


Dev, S. R., Military Power House, Ferozepore 
Cantt., Punjab, India 

Hayden, A. J., Electrical Contractor, Otahuhu, 
N.Z. 

Macaulay, J. H., Bombay, Baroda & Central 
India Rwy. Co., Dohad, India 

Robinson, T. L., City of Salford Electricity Dept., 
Salford, Eng. 

Serra Negra, F. 8., (Member), Rede de Viacao 
Sul Mineira, Cru Leiro, Sao Paulo, Brazil, 
S. Amer. 

Wightman, H. C., (Member), Rawalpindi Electric 
Power Co., Ltd., Rawalpindi. Punjab, India 

Total 6. 


STUDENTS ENROLLED 


Abe, Tadao, Toyko Imperial University 

Abe, Tadashi, University of Denver 

Abele, Raymond J., University of Detroit 

Alley, Rembert C., Louisiana State University 

Altstadt, Alois, Marquette University 

Ames, Fred W., Stanford University 

Anderson, Lynn T., University of Nebraska 

Appleman, Wilbur R., University of Illinois 

Atkinson, F. Wilmer, Ohio State University 

Baker, Robert A., Lehigh University 

Barlow, D. Brooks, Princeton University 

Baum, Roy N., Iowa State College 

Beck, Richard J., Brooklyn Polytechnic Institute 

Belcher, Alexander G., University of Colorado 

Blessing, Henry L., Ohio State University 

Braun, Raymond W., Northeastern University 

Brock, John P., University of Denver 

Brokenicky, Charles, University of Nebraska 

Brooks, Paul J., Ohio Northern University 

Buchanan, Ellis E., Iowa State College 

Buchinger, William, University of Detroit 

Buckley, Freeman C., Mississippi Agri. & Mech. 
College 

Campbell, Charles R., Jr., Unlon College 

Cantor, Arthur B., New York University 

Ceranic, Nicholas C., Ohio University 

Chardoul, N. E., Iowa State College 

Chisholm, Marshall $S.. State 
Washington 

Chytraus, Elmer R., University of Utah 

Ciaburri, Nicholas, Harvard University 

Clemens, Vincent A.. University of Illinois 

Cleveland, Raymond W., Northeastern University 

Cockrell, Ernest A., Marquette University 

Cohen, Joseph, University of Denver 

Constantinides. Willard, Stevens Institute of 
Technology 

Conway, Everett W., West Virginia University 

Cooper, Dale S.. University of Denver 

Crane, George R., Calif. Institute of Technology 

Criss, Francis W., Mississippi Agri. & Mech. 
College 

Critchett, Carl A., Ohio University 

Daiger, G. Pierce, Johns Hopkins University 

Davis, Keith T., University of Nebraska 

de Beer, Leopold. Mass. Institute of Technology 

De Carlo, Joseph A., University of Denver 

Demas, George N., Columbia University 

Dewell, Dwight A.. Iowa State College 

Diehnel, Franklin E., Oklahoma A. & M. College 


College of 
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Dimmick, Glenn L., University of Missouri 

Dowden. Alfred L., Mass. Institute of Technology 

Dubielzig, Richard C., University of Wisconsin 

Eastman, Luther J., Calif. Institute of Technology 

Elissalde, Marcel H., Louisiana State University 

Engalitcheff, John. Johus Hopkins University 

Engelhardt, Robert J., Iowa State College 

Fassnacht, Robert J., College of the City of New 
York 

Fendley, Louis M., University of Kentucky 

Finefrock, Benjamin F., Jr., Pennsylvania State 
College 

Gaer, Sam, Brooklyn Polytechnic Institute 

Garn, Harry R., Ohio Northern University 

Gauthey, Jules L., Johns Hopkins University 

Gilman, Frederick C., Stevens Institute of Tech. 

Glaska, John M., University of Notre Dame 

Greenfield, Eugene W., Johns Hopkins University 

Greenwood, George E., University of Michigan 

Griadasoff. Leonid 1., University of Washington 

Gummo, Ralph L., Ohio Northern University 

Gussow, Leonard H., Cornell University 

Guyatt, Cecil W., Lehigh University 

Haase, Henry W., Marquette University 

Hamilton, J. Arthur, Pennsylvania State College 

Hang. Albert A., Lehigh University 

Hart, George F., Marquette University 

Heidbreder, J. Fred, University of Michigan 

Henderson, Thomas H., Louisíana State Univ. 

Hicks, Fred H., Lafayette College 

Hindert, Lawrence A., Iowa State College 

Hoppe, Frederick M., Marquette University 

Houston, William J., Rose Polytechnlc Institute 

Howells, Thomas, Jr., Pennsylvania State College 

Hower, John S., Jr., Cornell University 

Hughes, James S., Georgia School of Technology 

Iber, Arthur K., University of Cincinnati 

Iglehart. Marion M., Johns Hopkins University 

Israeli, Samuel, College of the City of New York 

Joyner, Henry, Louisiana State University 

Jukes, Vincent J., Ohio University 

Kelly, Robert L., Johns Hopkins Universi y 

Kendrick, Samuel W., University of Missouri 

Kenney, Clarke, Ohio University 

Kiep, Julien A., Lehigh University 

Kimball, Gordon S.. Stanford University 

Klatzko, Daniel, College of the City of New York 

Klingelhoeffer, Royden H., University of 
Pennsylvania 

Knapp. J. Robert, Iowa State College 

Knezacek, John J., University of Nebraska 

Kraushaar, Werner, University of Detroit 

Kundel, Tewes. lowa State College 

Lamb. James. University of Detroit 

Law, Russell. lowa State College 

Lawton, Elliott J., University of Missouri 

LeDuc, Clarence, Marquette University 

Leithead. Robert C., University of Washington 

Levin. Arnold. Armour Institute of Technology 

Lewis, Davis D., Haverford College 

Little. Martin B., Iowa S: ate College 

Low. John S., Stanford University 

Luckey. Robert W.. University of Nebraska 

Lundeen. Robert K., lowa State College 

Maurer, George, Marquette University 

May, Metticus W.. Jr.. Mississippi Agri. & Mech. 
College 
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McClure, A. Marce, University of Colorado 
McCormick. Kynard, lowa State College 
McDonald, Thomas B., Rice Institute 
McFarland, Walter C.. University of Denver 
McKinley, James R., Louisiana State University 
Merrifield, Burr E., Kansas State Agri. College 
Meyer. Merl, Oklahoma A. & M. College 

Miller, Rudolph. Marquette University 
Millmann, Eugene H., Marquette University 
Moseley, Ralph L., Louisiana State University 
Mottorn. Jacob P.. Pennsylvania State College 
Musgrove, Albert M., Jr., Johns Hopkins Univ. 
Nicholson, Alfred J., University of Nebraska 
Nowacki, Leo M., Harvard University 

Pastore, Iniel, Drexel Institute 

Pendleton, John E., lowa State College 

Petrie, Joseph N., University of Denver 

Pfeffer, Aloysius A., Jr., Marquette University 
Plummer, William E., Johns Hopkins University 
Polk, Stanley C., University of Detroit 

Poole, George D., Ohio Northern University 
Ratzman, Harold A., Marquette University 
Reichert, George C., Marquette University 
Reichert, Harold E., Marquette University 
Reynolds, Richard W., Texas A. & M. College 
Rohrig, Carl E.. Iowa State College 

Roper, Richard M., Kansas State Agri. College 
Roy, J. A. St. Omer. George Washington Univ. 
Saylor, Elbert RB., University of Nebraska 
Schang, Stephen J., University of Detroit 
Schoolfleld. Harrison H., Jr., Stanford University 
Schwartz, Lyle H., lowa State College 

Scott, Roger M., Brown University 

Scott, Wood H., Louisiana State University 
Sederholm, Alfred A., Iowa State College 
Shapaker, Henry W., Marquette University 
Shive. Ray L.. Pennsylvania State College 
Sinnott, Joseph F., Harvard University 
Somerville. Gareth G., University of Kansas 
Spahr, Vincent B., Pennsylvania State College 
Springhetti, Joseph, University of Detroit 

Steffe. Robert P., Pennsylvania State College 
Stewart, J. M., Louisiana State University 
Stokely, Robert G., Louisiana State University 
Stracencr, William H., Louisiana State University 
Stroehle, John C., University of Colorado 

Taft, Leonard W., Northeastern University 
Theriault, John E., University of Detroit 

Thomas, Ralph A.. Ohio University 

Thompson, Z. V., Clemson Agri. College 
Thomson, Cameron A., University of Wisconsin 
Torvik. Edwin B.. Oregon Agricultural College 
Treseder, Donald W.. Iowa State College 

Trump. John G.. Brooklyn Polytechnic Institute 
Tyler. Ransom. University of Wisconsin 

Warren, S. Reid, Jr., University of Pennsylvania 
Weber, Frank D., Marquette University 

Wehrle. A. Porter. lowa State College 
Wendegatz, Lester G., Marquette University 
Wert, Charles M., University of Kentucky 

West. William P., Clemson Agricultural College 
Wiechers, Benton T.. University of Wisconsin 
Williams, George M.. Iowa State College 
Williamson, Clair A., University of Kansas 
Wooster, Mallery O., University of Maryland 
Yamaguchi, Usaburo. Tokyo Imperial University 
Tota’ 175. 
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OFFICERS A. I. E. E. 1927-1928 


President 
Bancrost GHERARDI 


Junior Past Presidents 


C. C. CHESNEY M. I. PUPIN 
Vice-Presidents 
H. M. HOBART O. J. FERGUSON 
B. G. JAMIESON E. R. NORTHMORE 
GEORGE L. KNIGHT J. L. BEAVER 
H. H. SCHOOLFIELD A. B. COOPER 
A. E. BETTIS C. O. BICKELHAUPT 
Managers 
Jonn B. WHITEHEAD I. E. MOULTROP 
J. M. BRYANT H. C. Don CARLOS 
E. B. MERRIAM F. J. CHESTERMAN 
M. M. FOWLER F. C. HANKER 
H. A. KIDDER E. B. MEYER 
E. C. STONE H. P. LIVERSIDGE 
National Treasurer National Secretary 
GEORGE A. HAMILTON F. L. HUTCHINSON 
. Honorary Secretary 


RALPH W. PoPE 


LOCAL HONORARY SECRETARIES 


T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 

H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House, 
11 Castlereagh St., Sydney, N. S. W., Australia. 

P.;M. Servos, Rio de Janeiro Tramways, Light & Power Co., Rio de Janeiro, 
Brazil. 

Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 

A.S. Garfield, 45 Bd. Beausejour, Paris 16 E., France. 

P. W. Willis, Tata Power Companies, Bombay House, Bombay, India. 

Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

P. H. Powell, Canterbury College, Christchurch, New Zealand. 

Axel F Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon- Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I. E. E. COMMITTEES 


(A list of the personnel of Institute committees may be found in the January 
issue of the JOURNAL.) 


GENERAL STANDING COMMITTEES AND CHAIRMEN 


Executive, B. Gherardi 

FrxAMCE, H. A. Kidder 

MrRETINGS AND Papers, H. P. Charlesworth 
PuBLICATION, E. B. Meyer 

COORDINATION OF INSTITUTE ACTIVITIES, G. L. Knight 
Boarn OF EXAMINERS, E. H. Everit 
SEcTIONS, W. B. Kouwenhoven 

STUDENT BRANCHES, J. L. Beaver 
MexBERSHIP, E. B. Merriam 
HEADQUARTERS, G. L. Knight 

Law, C. O. Bickelhaupt 

Pusuic PoLicy, H. W. Buck 

STANDARDS, J. Franklin Meyer 

Epison Mepat, M. I. Pupin 


INSTITUTE AND RELATED ACTIVITIES 
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CODE OF PRINCIPLES OF PROFESSIONAL CONDUCT, John,W. Lieb 
COLUMBIA UNIVERSITY SCHOLARSHIPS, W .I. Slichter 

AWARD OF INSTITUTE Prizes, H. P. Charleswortn 

SareTY Copes, J. P. Jackson 


SPECIAL COMMITTEES 


ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ARTS, J. P. Jackson 
LICENSING oF ENGINEERS, Francis Blossom 


TECHNICAL COMMITTEES AND CHAIRMEN 


AUTOMATIC STATIONS, Chester Lichtenberg 

COMMUNICATION, H. W. Drake 

EDUCATION, P. M. LINCOLN 

ELECTRICAL MACHINERY, F. D. Newbury 

ELECTRIC WELDING, J. C. Lincoln 

ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Vinal 
ELECTROPHYSICS, V. Karapetoff 

INSTRUMENTS AND MEASUREMENTS, Everett S. Lee 
APPLICATIONS TO IRON AND STEEL PRODUCTION, A. G. Pierce 
PRODUCTION AND APPLICATION OF LiGHT, Preston S. Millar 
APPLICATIONS TO MARINE Work, W. E. Thau 
APPLICATIONS TO MINING Work, W. H. Lesser 

GENERAL Power APPLICATIONS, A. M. MacCutcheon 
Power GENERATION, W. S. Gorsuch 

PowER TRANSMISSION AND DISTRIBUTION, Philip Torchio 
PRorEcTIVE Devices, F. L. Hunt 

RESEARCH, F. W. Peek, Jr. 

TRANSPORTATION, J. V. B. Duer 


A. I. E. E. REPRESENTATION 


(The Institute is represented on the following bodies; the names of the repre- 
sentatives may be found in the January issue of the JOURNAL.) 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL 
AMERICAN BUREAU OF WELDING 
AMERICAN COMMITTEE ON ELECTROLYSIS 
AMERICAN ENGINEERING COUNCIL 
AMERICAN ENGINEERING STANDARDS COMMITTEE 
AMERICAN MARINE STANDARDS COMMITTEE 
AMERICAN YEAR Book, ADVISORY BOARD 
BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 
CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE 
COMMITTEE OF APPARATUS MAKERS AND USERS, NATIONAL RESEARCH COUNCIL 
COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS 
ENGINEERING FOUNDATION BOARD 
Joun Fritz MEDAL BOARD oF AWARD 
JoiNT COMMITTEE ON WELDED RAIL JOINTS 
JOINT CONFERENCE COMMITTEE OF Four FOUNDER SOCIETIES 
LIBRARY BOARD, UNITED ENGINEERING SOCIETY 
NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 
NATIONAL FIRE WASTE COUNCIL l 
NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 
NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF ENGINEERING SECTION 
THE NEWCOMEN SOCIETY 
RADIO ADVISORY COMMITTEE, BUREAU OF STANDARDS 


SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BoARD OP INVESTI- 
GATION AND COORDINATION 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ILLUMINATION COM- 
MISSION 


WASHINGTON AWARD, COMMISSION OP 


LIST OF SECTIONS 


Name Chairman Secretary 

Akron A. L. Richmond W. A. Hillebrand, Ohio Insulator 
Co., Akron, Ohio 

Atlanta T. H. Landgraf D. H. Woodward, Amer. Tel. & 
Tel. Co., 938 Hunt Bldg. 
Atlanta, Ga. 

Baltimore W.B.Kouwenhoven R. T. Greer, Madison St. Building, 

altimore, . 

Boston E. W. Davis W. H. Colburn, 39 Boylston St., 
Boston, Mass. 

Chicago B. E. Ward L. J. Vanhalanger, Conway Build- 
ing, Chicago, Ill. 

Cincinnati R. C. Fryer Leo Dorfman, Westinghouse Elec. 
& Mfg. Co., Cincinnati, Ohio 

Cleveland A. M. Lloyd E. W. Henderson, 1088 Ivanhoe 
Road, Cleveland, Ohio 

Columbus F. C. Nesbitt W. E. Metzger, Interurban Termi- 
nal Bldg., Columbus, Ohio 

Connecticut A. E. Knowlton R. G. Warner, Yale University, 
New Haven, Conn. 

Denv A. L. Jones R. B. Bonney, Telephone Bldg., 

i J P. O. Box 960, Denver, Colo, 

Detroit-Ann Arbor F. H. Riddle Prof. A. H. Lovell, University of 
Michi seve Ann Arbor, Mich. 

Brie L. H. Curtis C. P. Erie County Elec. 


Co., Bac “Ba. 


Name Chairman Secretary 

Fort Wayne P. O. Noble F. W. Merrill, General Elec. Co., 
Fort Wayne, Ind. 

Indianapolis-Lafayette C. A. Fay Herbert Kessel, Fairbanks Morse 

Co., Indianapolis, Ind. 

Ithaca R. F. Chamberlain H. H. Race, Cornell University, 
Ithaca, N. 

Kansas City S. M. DeCamp B. d George, anis City Pr. & 

t. Co., Kansas City, Mo. 

Lehigh Valley M. R. Woodward G. S Brooks, Pennsylvania Pr. 
& Lt. Co., '901 Hamilton St., 
Allentown, Pa. 

Los Angeles L. C. Williams H. L. Caldwell, Bureau of Light & 
Power, Los Angeles, ; 

Louisville D. C. Jackson, Jr. W.C. White, Souther Bell Tel. & 
Tel. Co., Louisville, K 

Lynn W. F. Dawson V. R. Holmgren, Gen. Biec. Co., 

j Bldg. 64 G, Lynn, Mass. 

Madison J. T. Rood H. J. Hunt, D. W. Mead and 
C. V. Seastone, State Journal 
Bldg., Madison, Wis. 

Mexico B. Nikiforoff Luque, Providencia 530. 
‘Colinia Del Valle, Mexico, D. 
Mexico 

Milwaukee John D. Ball Wm. J. Wisconsin Tel. 


Ladwig 
Co., 418 eie. a Milwaukee, 
Wis. 
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Name 
Minnesota 
Nebraska 
New York 
Niagara Frontier 
Oklahoma 


Panama 
Philadelphia 
Pittsburgh 
Pittsfield 
Portland, Ore. 


Providence 


Rochester 


St. Louis 
San Francisco 


Saskatchewan 


Schenectady 


Chairman 
J. E. Sumpter 
N. W. Kingsley 
L. W. W. Morrow 
L. E. Imlay 
Edwin Kurtz 
L. W. Parsons 


I. M. Stein 
W. C. Goodwin 
H. O. Stephens 
J. E. Yates 
F. N. Tompkins 


R. D. De Wolf 


L. F. Woolston 
W. L. Winter 
J. D. Peters 


T. A Worcester 


INSTITUTE AND RELATED ACTIVITIES 


LIST OF SECTIONS— Continued 


Secretary 


Gilbert Cooley, Rice & Atwater. 
St. Paul. Minn. 

Roy Hagen, General Electric Co., 
Omaha, Nebraska 

J. B. Bassett, General Elec. Co., 
120 Broadway, New York, N. Y. 

E. P. Harder, 205 Electric Build- 
ing, Buffalo, N. Y. 

B. A. Fisher, Oklahoma A.& M 
College, Stillwater, Okla. 

M. P. Benninger, Box 174, Balboa 
Heights, C. Z. 

R. H. Silbert, 2301 Market St., 
Philadelphia, Pa. 

H. E. Dyche, University of Pitts- 
burgh, Pittsburgh, Pa. 

F. R. Finch, General Electric 
Co., Pittsfield, Mass. 

L. M. Moyer, General Electric 
Co., Portland, Ore. 

F. W. Smith, Blackstone Valley 
R & Electric Co., Pawtucket, 


C. C. Eckhardt, Igrad Condenser 
x Miu. Co., 26 Ave. D, Rochester, 


L. P. Van Houten, 2670 Washing- 
ton Boulevard, St. Louis, Mo. 
A. G. Jones, 807 Rialto Bldg., San 

Francisco, Calif. 

W. P. Brattle, Dept. of Tele- 
phones, Telephone Bldg., Re- 
gina, Sask., Canada 

R. F. Franklin, Room 301, Bldg. 
No. 41, General Elec. Co., 
Schenectady, N. Y 


Journal A. I. E. E. 


Name Chairman Secretary 

Seattle C. R. Wallis Ray Rader, Puget Sound Pr. & 
Lt. Co., Seattle, Wash. 

Sharon L. H. Hill H. B. West, Westinghouse Elec. 
& Mfg. Co » Sharon, Pa. 

Southern Virginia W. S. Rodman J. H. Berry, 1338 Rockbridge 
Ave., Norfolk, Va 

Spokane L. R. Gamble James B. Fisken, Washington 
Water Power Co., Lincoln & 


Springfield, Mass. 


Syracuse 
Toledo 


Toronto 


Urbana 


Utah 


Vancouver 


Washington, D. C. 


Worcester 


Total 52 


LIST OF BRANCHES 


C. A. M. Weber 


C. E. Dorr 
T. J. Nolan 
C. E. Sisson 


Trent, Spokane, Wash. 


B. V. K. French, American Bosch 
Magneto Corp., Springfield, 
Mass. 

F. E. Verdin, 615 City Bank Bldg.. 
Syracuse, N. Y. 

Max Neuber, 1257 Fernwood Ave., 
Toledo, Ohio 

F. F. Ambuhl, Toronto Hydro- 
Elec. System, 226 Yonge St. 
Toronto, Ont., Canada 


J. O. Kraehenbuehl J. m Tuthill, 106 Transportation 


g. University of Illinois, 
bile. Ill. 


Daniel L. Brundige C. B. Shipp, General Electric Co., 


A. C. R. Yuill 


M. G. Lloyd 


Salt Lake City, Utah 


J. Teasdale, British Columbia 
Elec. Railway Co., Vancouver, 
B. C., Canada 


H. E. Bradley, Potomac Elec. 
Pr. Co., 14th & C Sts., N. W.. 
Washington, D. C. 


Guy F. Woodward F. B. Crosby, Morgan Construc- 


tion Co., 15 Belmont St., Wor- 
cester, Mass. 


Counselor 
l Name and Location Chairman Secretary „Member ot Faculty) 
Akron, Municipal University of, Akron, Ohio............. ccc cc cece nn C. R. Delagrange P.W Bierman J. T. Walther 


Alabama Polytechnic Institute, Auburn, Ala..... 
Alabama, University of, University, Ala 
Arizona, University of, Tucson, Ariz 
Arkansas, University of, Fayetteville, Ark 
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Gary Mitchell 
W. H. Mann, Jr. 


Armour Institute of Technology, 3300 Federal St., Chicago, Ill................ L. J. Anderson 
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y............. James Brown 
Bucknell University, Lewisburg, Pa...................eeceeeeee hon G. B. Timm 
California Institute of Technology, Pasadena, Calif.................. eee J. W. Thatcher 
California, University of, Berkeley, Calif.... 0.0.0... ccc ccc ccc cece cece eee hn John F. Bertucci 
Carnegie Institute of Technology, Pittsburgh, Pa...........c cece cess ccccecas N. D. Cole 
Case School of Applied Science, Cleveland, Ohio.............. ecce eere G. J. Currie 
Catholic University of America, Washington, D. C......... ccc cece cece ee nnn J. V. O'Connor 
Cincinnati, University of, Cincinnati, O..........ccccccc cece cccscecconcscecs C. E. Young 
Clarkson College of Technology, Potsdam, N. Y..............e eese ne G. L. Rogers 
Clemson Agricultural College, Clemson College, S. C.................. —— wk A. P. Wylie 
Colorado, University of, Boulder, Colo..............cceeceeeeeeen J. A. Setter 
Colorado State Agricultural College, Fort Collins, Colo............... ecw eee Harold Groat 
Cooper Union, New York, N. Y......... ccc ccc cece cece reece cceeesesencees E. T. Reynolds 
Denver, University of, Denver, Colo......... eee] G. K. Baker 
Drexel Institute, Philadelphia, Pa... .. cc ccc cece cece hh nn J. E. Young 


Duke University, Durham, N. C 
Florida, University of, Gainesville, Fla 
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O. T. Colclough 
W. H. Johnson 


Georgia School of Technology, Atlanta, Ga............... eee — eee ee J. A. Hart 


Idaho, University of, Moscow, Idaho 
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R. G. Elliott 


Iowa State College, Ames, lowa......... ccc cc cc cc cc cw cc cece cece re cecececs W. H. Curvin 
Iowa, State University of, Iowa City, Iowa...........eeeeeeeeeeeesooeeeee t F. L. Kline 
Kansas State College, Manhattan, Kansas.............- RE UE ENS RAE P A R. D. Bradley 
Kansas, University of, Lawrence, Kans...........0.cccccccccccccccccccccecs R. M. A!spaugh 
Kentucky, University of, Lexington, Ky...........ccccccccccccccceces ee awe H. M. Otto 
Lafayette College, Easton, Pa......... ccc cc ce ce ec ee ee nn e john W. Dagon 
Lehigh University, Bethlehem, Pa........... cc cc cece eee c ccc cc cccces DRM H. C. Towle, Jr. 
Lewis Institute, Chicago, Ill...............eceeeeeeeeee een sirenlerin A. R. Sansone 
Louisiana State University, Baton Rouge, La.................. eee R. C. Alley 
Maine, University of, Orono, Maine.............. cece ce cece cece oos R. F. Scott 
Marquette University, 1200 Sycamore St., Milwaukee, Wis.............. eee J. R. Adriansen 
Massachusetts Institute of Technology, Cambridge, Mass................. eee W. M. Hall 
Michigan State College, East Lansing, Mich............ eee an K. E. Hunt 
Michigan, University of, Ann Arbor, Mich.......... 0... cc cece ces ccccccccecs L. J. VanTuyl 
Milwaukee, Engineering School of, 415 Marshall St., Milwaukee, Wis.......... Joseph Havlick 
Minnesota, University of, Minneapolis, Minn.............. eee eee nn G. C. Brown 
Mississippi Agricultural & Mechancal College, A. & M. College, Miss.......... H. M. Stainton 
Missouri School of Mines & Metallurgy, Rolla, Mo............0.00000: .....H. H. Brittingham 
Missouri, University of, Columbia, Mo..... 0. cc cw cc cc cc eret ns C. E. Schooley 
Montana State College, Bozeman, Mont............cccccccccccccccccceccces W. F. Kobbe 
Webraska, University of, Lincoln, Neb.......... cece ccc ce cer ehm rn W. A. Van Wie 
Nevada, University of, Reno, Nevada......... cc ccc ce ce cc cece ton K. K. Knopf 
Newark College of Engineering, 367 High St., Newark, New Jersey ..... ...... E. S. Bush 


New Hampshire, University of, Durham N. H...............- ecce nnn RARO 


S. S. Appleton 


P. E. Sandlin 


J. M. Cardwell, Jr. 


Audley Sharpe 
Dick Ray 

H. T. Dahlgren 
F. W. Campbell 
A. C. Urffer 

J. G. Kuhn 
Nathan C. Clark 
J. R. Britton 

R. C. Taylor 

R. H. Rose 

W. C. Osterbrock 
J. S. Loomis 

W. J. Brogdon 
H. R. Arnold 
Howard Steinmetz 
Wilfred Henschel 
L. L. Booth 

C. J. Backman 
F. A. Bevacqua 
A. C. Dean 

O. P. Cleaver 

F. B. Peterson 
W. H. Stark 

M. B. Hurd 

E. C. Shenk 

W. A. Wolfe 

D. M. James 

H. W. Lovett 


W. D. Goodale, Jr. 


. M. Berg 
enry Joyner 
. W. Jones 
. J. Lavigne 
. F. Krantz 
. W. Luther 

. E. 
. F. 
"E e 
. S. 


m e 


Reichle 
Brundage 
Hawkins 


qa ap 


Keith Davis 

Clark Amens 
Henry L. Harrison 
H. B. Rose 


W. W. Hill 


J. C. Clark 

W. B. Stelzner 
D. P. Moreton 
Robin Beach 
W.K Rhodes 
R. W. Sorensen 
T. C. McFarland 
. C. Dennison 
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. MacKavanaugh 
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LIST OF BRANCHES— Continued. 


Name and Location Chairman 
New York, College of the City of, 130th St. & Convent Ave., New York, N. Y.... Joseph Leipziger 


New York University, University Heights, New York, N. Y................... J. F. Torpie 
North Carolina State College, Raleigh, N. C........ me J. C. Davis 
North Carolina, University of, Chapel Hill, N. C......sssesssssscsecoscrosooe D M. Holshouser 
North Dakota, University of, University Station, Grand Forks, N. D........... Alfred Botten 
Northeastern University, 316 Huntington Ave., Boston 17, Mass.............. L. A. Smith 
Notre Dame, University of, Notre Dame, Ind................ PEASE IET S Charles Topping 
Ohio Northern University, Ada, O.......s..ssssesssosesesososoososesesess: john Simmons 
Ohio State University, Columbus, O...............ceeeeeeeeeooooooeroeet os A. B. Crawford 
Ohio University, Athens, OQ... oso e 4 RU ORS VENSKR RAV Vor UR URL ee Clarence Kelch 
Oklahoma A. & M. College, Stillwater, Okla................... een ee Benny Fonts 
Oklahoma, University of, Norman, Okla......... —————— n € Dick Mason 
Oregon State College, Corvallis, Ore..............eeeeee enn cota bac J D. Hertz 
Pennsylvania State College, State College, Pa........... eee on Carl Dannerth 
Pennsylvania, University of, Philadelphia, Pa............. eee etn ...Wm. H. Hamilton 
Pittsburgh, University of, Pittsburgh, Pa........... cc cc cece eter reece enaces K. A. Wing 
Princeton University, Princeton, N. J... ... ccc ccc cc cc ccc ences ceccens (OO. R. W. MacGregor, Jr. 
Purdue University, Lafayette, Indiana......... ccc cece weer cree cece case sces H. L. Lindstrom 
Rensselaer Polytechnic Institute, Troy, N. Y....... ccc cc cc ce cee cee eseees W. F. Hess 
Rhode Island State College, Kingston, R.I....... 0c. cc cc cc cee cee ene C. F. Easterbrooks 
Rose Polytechnic Institute, Terre Haute, Ind......... cc ccc ecw eee eee eere Arthur Drompp 
Rutgers University, New Brunswick, N.J.........c cece cece cece rene cecnceee N. A. Kieb 

Santa Clara, University of, Santa Clara, Calif...... 0... cc cc ct cc cw eee ett R. P. O'Brien 
South Dakota State School of Mines, Rapid City, S. D.............. eere . . D. A. White 
South Dakota, University of, Vermillion, S. D................eeeeeeeen nnn Stanley Boegler 
Southern California, University of, Los Angeles, Calif................ eene Lester Bateman 
Stanford University, Stanford University, Calif.................. —— n D. E. Chambers 
Stevens Institute of Technology, Hoboken, N. J............. eee nnn (eO. W. N. Goodridge 
Swarthmore College, Swarthmore, Pa.............. ccc cece eese on ... T. C. Lightfoot 
Syracuse University, Syracuse, N. Y.............eeeeeeoeeoeososevosvoossovs E. D. Lynde 
Tennessee, University of, Knoxville, Tenn............ee ccc ccc cc tnn J. R. McConkey 
Tezas, A. & M. College of, College Station, Texas........... eese J. L. Pratt 
Texas, University of, Austin, Texas........ ccc ccccccccccsccvces atone Gnas halen G. E. Schade 
Utah, University of, Salt Lake City, Utah......... eee eeeseessoososococcoos C. E. White 
Virginia Military Institute, Lexington, Va...........ccccccccccece tX TEE F. Barkus 
Virginia Polytechnic Institute, Blacksburg, Va.........cccccccessccccsacccacs M. B. Cogbill 
Virginia, University of, University, Va.........cccccccccccsvccces esos oss. H. D. Forsyth 
Washington, State College of, Pullman, Wash......... €—— (vík.s e ersnae a Harry Wall 
Washington University, St. Louis, Mo...............e eren Seco oco R. L. Belshe 
Washington, University of, Seattle, Wash............ PRX C E ERE ecosecoss. Wm, Bolster 
Washington and Lee University, Lexington, Va.............. m ...... R. E. Kepler 
West Virginia University, Morgantown, W. Va.......eeeeosococcecceceecee. Ge B. Pyles 
Wisconsin, University of, Madison, Wis........ccscccccccccccccccvccvesesess John Sargent 
Worcester Polytechnic Institute, Worcester, Mass..........e eese eee se A. M. Tarbox 
Wyoming, University of, Laramie, Wyoming....... Wane Waule weed tenes a ss E O a Yates 


Yale University, New Haven, Conn........csscccccccccccvcscssccsssecsccss W, Je Brown 


Total 95 


INSTITUTE AND RELATED ACTIVITIES 


Secretary 


A. H. Rapport 
R. J. Fluskey 
T. C. Farmer 
W. C. Burnett 
Nels Anderson 
C. S. Porter 
George Conner 
Verl Jenkins 

L. G. Stewart 
H. W. Giesecke 
Jerry Robertson 
S. Hannon 
Richard Setterstrom 
W. J. Gorman 
S. R. Warren, Jr. 
R. H. Perry 

W. Wilson 

H. A. Hartley 
S. B. Morehouse 
Charles Miller 
J. F. Payne 

J. E. Conover 
C. E. Newton 
Robert Mytinger, Jr. 
L. E. Crowell 

L. F. Slezak 

T. L. Lenzen 

S. J. Tracy 

W. F. Denkhaus 
R. C. Miles 

R. L. Harvey 
H. W. Whitney 
L. R. Bagwell 
junior Petterson 
E. F. James 

A. G. Collins 

C. H. Davis, Jr. 
E. G. Peters. 

J. G. Mazanec, Jr. 
Arthur Peterson 
Bernard Yoepp 
C. C. Coulter 
Leonard Saari 
M. A. Swanson 
E. C. Moudy 
W. T. Kelly, Jr. 


Counselor 
(Member of Faculty) 


Harry Baum 

J. Loring Arnold 
C. W. Ricker 

P. H. Daggett 
D. R. Jenkins 
Wm. L. Smith 

J. A. Caparo 

I. S Campbell 
F. C. Caldwell 

A A. Atkinson 
Edwin Kurtz 

F. G. Tappan 

F. O. McMillan 
L. A. Doggett 

C. D. Fawcett 
H. E. Dyche 
Malcolm MacLaren 
A. N. Topping 
F. M. Sebast 
Wm. Anderson 
C. G. Knipmeyer 
P. S. Creager 

A. D. Hinckley 
J. O. Kammerman 
B. B. Brackett 
P. S. Biegler 

T. H. Morgan 

F. C. Stockwell 
Lewis Fussell 

C. W. Henderson 


C. A. Perkins 
C. C. Yates 

J. A. Correll 
J. F. Merrill 
S. W. Anderson 
Claudius Lee 
W. S. Rodman 
R. D. Sloan 
H. G. Hake 

G. L. Hoard 
R. W. Dickey 
A. H. Forman 
C. M. Jansky 
H. A. Maxfield 
G. H. Sechrist 
C. F. Scott 
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INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


DIGEST OF CURRENT INDUSTRIAL NEWS 


NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 


Outdoor Station Equipment.— Bulletin GEA-748A, 20 pp. 
Describes G-E bus supports for outdoor service. General 
Electric Company, Schenectady, N. Y. 

Floodlighting.—Bulletin GEA-439A, 10 pp., is titled “A 
Short Cut to the Solution of Floodlighting Problems," General 
Electric Company, Schenectady, N. Y. 

Circuit Breakers.—Bulletin 580, 20 pp. Describes an ex- 
tensive line of enclosed circuit breakers, of three distinct types, 
each type having its own particular application. Roller-Smith 
Company, 12 Park Place, New York. 

High Potential Fuses.—Bulletin 200A, 20 pp. Describes 
the S & C high potential fuse and its applications. Capacities 
are 2,200 to 132,000 volts, 16 to 400 amperes. Schweitzer & 
Conrad, Inc., 4435 Ravenswood Avenue, Chicago, Ill. 

Oil Fuse Cutouts.—Bulletin GEA-732A, 10 pp. Describes 
D & W oil fuse cutouts, type D. These are used primarily for 
the protection of distribution and small power transformers. 
General Electric Company, Schenectady, N. Y. 

Pole Line Hardware.—Catalog 28, 192 pp. Describes a 
comprehensive line of pole line hardware and construction 
specialties used by electric light and power companies, telephone 
companies and railroad companies. The catalog has been de- 
signed as areference book and contains many useful construc- 
tion methods of primary and secondary distribution. Hubbard & 
Company, 62nd St. and A. V. R. R., Pittsburgh, Penn. 

Time Recorder.—Bulletin 1127, 8 pp. Describes the new 
Esterline-Angus time recorder which records the actual time and 
duration of occurrences. It has wide application in the electrical 
field; in power plants, for recording the time when switches or 
valves are opened and closed; in automatic substations, to record 
the operation of circuit breakers and automatic switches, the 
stopping and starting of equipment, etc.; and on street lighting 
circuits, where electric service companies are required to provide 
instruments which record when each circuit is in operation. 
Esterline-Angus Company, Indianapolis, Ind. 

Ground Tester.—Bulletin 1165, 12 pp. Describes the ‘‘Meg- 
ger” ground resistance tester, a new direct-reading electrical in- 
strument for testing the resistance to earth of ground connections. 
It is entirely self-contained, requiring no external eurrent supply 
or any auxiliary apparatus whatever, except two ground rods 
and flexible leads. The test is made in one operation and with 
only one reading. The result is indicated directly on the sched- 
ule, which reads like a voltmeter. No adjustment or calculations 
are necessary. James G. Biddle, 1211 Arch Street, Philadelphia, 
Penn. 


NOTES OF THE INDUSTRY 


Corning Glass Works, Corning, N. Y., has appointed 
Thomas S. Wood as representative, with headquarters in the 
Polson Building, Seattle, Washington, to handle only the sale of 
Pyrex insulators in the states of Oregon and Washington. 

The Wadsworth Electric Manufacturing Company, 
Covington, Ky., manufacturers of switehes and meter protective 
devices, announces the election of Roy Cosbey as director and 
secretary to fill the vacancy caused by the death of Richard J. 
Dibowski. Mr. Cosbey for the past four years has been comp- 
troller of the company. 

New Large Portable Blower.—The Martindale Electric 
Company, 1254 West 4th Street, Cleveland, Ohio, has recently 
developed the ‘‘Martindale’’ portable super-blower with 27 in. 
water column pressure. The new blower is claimed to be about 
twenty-five per cent stronger than their former ‘‘Imperial”’ 
super-blower. 


New Ohio Brass Office in South.—The Ohio Brass Com- 
pany, Mansfield, Ohio, announces the opening of an office in the 
Healy Building, Atlanta, Georgia, to render better service to the 
trade in the southeast, and it will be used as headquarters by 
K. V. Farmer, H. H. Hoxie, J. A. Whatley and G. W. Willis, 
sales representatives of the company in that part of the country. 

Norma-Hoffmann Bearings Corporation, Stamford, 
Conn., announces the resignation of A. H. Grayburn, assistant 
secretary and assistant treasurer. He will assume an important 
executive position with the Hope Engineering and Supply 
Company, of Mount Vernon, Ohio and New York City. A. H. 
Ritter, New York district manager goes to Stamford as assistant 
secretary and will be succeeded in New York by F. W. Mesinger 
from the Stamford office. Norman Bell, assistant sales manager, 
has also been made assistant secretary. 

Changes in Roller-Smith Personnel.—The Roller-Smith 
Company, 12 Park Place, New York, makers of instruments, 
relays and circuit breakers, has added S. H. King to its sales force 
in New York City. Albert Milmow, Charlotte, N. C., has been 
appointed exclusive agent for the states of North and South 
Carolina. M. B. Mathley, Monadnock Building, Chicago, has 
been appointed exclusive agent for the Chicago territory, 
superseding M. Frankel. W. J. Schuhmann, who has been 
connected with the New York office for many years as sales 
engineer, has been transferred to the company’s works at 
Bethlehem, Pa. 

New Branch Offices for Allis-Chalmers.— The Allis- 
Chalmers Manufacturing Company, Milwaukee, has opened a 
new district sales office at Phoenix, Arizona, located in the 
Heard Building, with J. B. Cooper as manager. Mr. Cooper’s 
headquarters were formerly in Los Angeles. A branch office 
has been opened at San Antonio, Texas, in the Frost National 
Bank Building, with Earle R. Hury in charge. Another branch 
office is also being opened at Grand Rapids, Michigan, in the 
Weiss Service Building, in charge of G. C. Culver. 

Cutler-Hammer Opens Pacific Coast Offices.— The 
Pacific Coast offices of the Cutler-Hammer Manufacturing 
Company, Milwaukee, will be handled by their own sales 
Offices, at 970 Folsom Street, San Francisco; 229 Boyd 
Street, Los Angeles; 2204 First Avenue, South, Seattle. The 
new sales district will be in charge of Fred H. Oberschmidt, a 
member of the Cutler-Hammer organization for over fifteen 
years. Associated with him at the San Francisco headquarters 
will be A. A. Tuffert and George P. Stone. Thomas N. Bristow 
will be in charge of the Seattle office, and Edward G. Nelson of 
the Los Angeles office. Complete stocks of standard items in the 
Cutler-Hammer line will be carried at all Pacific coast offices. 

National Carbon Opens New Branch Sales Offices.— The 
carbon sales division of the National Carbon Company, Inc., with 
general sales headquarters in Cleveland, has announced the open- 
ing of branch sales offices to be located at the present brush ser- 
vice plants of the company at 357 West 36th Street, New York; 
551 West Monroe Street, Chicago, and Arrott Power Bldg. No. 3, 
Barker Place, Pittsburgh. Complete sales and service organiza- 
tions have been established at each office, and the customers of 
the company have been requested to address all orders and in- 
quiries for carbon brushes and other carbon specialties to the 
nearest branch sales office. The following appointments have 
also been announced: J. A. Hammond, assistant manager in 
charge of carbon brush and specialty sales. Mr. Hammond will 
be located at the headquarters office at Cleveland; E. R. Geib, 
assistant manager in charge of sales of illuminating carbons, 
who will be located in Cleveland; J. L. Green, district manager 
in charge of the branch office at Chicago; V. J. Nolan, district 
manager in charge of the branch office at Pittsburgh; J. B. 
Collins, sales engineer in charge of the branch office at Birming- 
ham, Ala. 
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Transatlantic 
Meeting 

Time and distance were annihilated in a spectacular 
way when, for the first time in history, two gatherings 
of engineers, one in New York and the other in London, 
talked freely and easily to each other, and their remarks 
were heard by hundred of people gathered in the audi- 
toriums in both cities as readily as if all the speakers 
were on the same platform. 


A new era in the communication art was thus inaugu- 
rated during the Winter Convention of the American 
Institute of Electrical Engineers at which a joint session 
with the British Institution of Electrical Engineers was 
held. The occasion marks an important milestone in 
the history of engineering achievements, and adds 
further luster to the already brilliant accomplishments 
in the records of the participating societies. (A full 
account of this meeting appears elsewhere in this issue.) 


It was not without a feeling of awe that the New 
York audience awaited the salutation of the Chairman, 
3000 miles away, but the messages came from across 
the ocean so promptly, clearly and naturally that the 
novelty of the demonstration would hardly have been 
recognized if the locations of the speakers had not been 
known. 


Itis particularly gratifying and appropriate that these 
two great engineering societies, separated by the vast 
expanse of the Atlantic Ocean but bound together by the 
common ties of advancement of science, invention and 
engineering in the field of electricity for the good of 
mankind, should be the first to come together in this 
new form of international assembly, made possible 
through the developments in one of the branches of our 
own profession. 

The deep significance and far-reaching importance 
of this meeting were reflected in the eloquent remarks 
of those who addressed the joint session, and in the 
resolution adopted at the meeting. 

The following resolution was adopted subsequently 
by the Board of Directors of the Institute: 

WHEREAS: On February sixteenth, 1928, there was held a 
Joint Meeting of the British Institution of Electrical Engineers, 
its attending members and guests being assembled at twenty- 
eight Victoria Embankment, London, England, with the Ameri- 
can Institute of Electrical Engineers, convened in the Engineer- 
ing Auditorium, New York, U. S. A., during which all of the 
proceedings were rendered perfectly audible to both assemblies 
by means of land and transoceanic communication channels made 


available through the cooperation of the American Telephone 
and Telegraph Company and the British Post Office; and 


WHEREAaS: This extraordinary demonstration, the first of its 
kind in history, was successfully accomplished only by the 
perfectly concerted efforts, not only of the American Telephone 
and Telegraph Company and the British Post Office, but also 
of all of the individuals concerned in its preparation; therefore 
it is 

ReEsouveD: That the Board of Directors of the American 
Institute of Electrical Engineers, on behalf of those members and 
guests whose privilege it was to attend the Joint Meeting, and 
also on behalf of the entire membership of the Institute, hereby 
expresses its thanks and its recognition of the efficiency, public 
spirit, and high technical achievement of these cooperating 
organizations as evidenced by this event; and especially extends 
its thanks and congratulations to the many technical assistants 
and workers without whose intelligent and faithful labors this 
proof of advance in applied science would have been impossible. 


Engineering 
Education 

A publication that will be of great interest to both 
practising engineers and engineering educators was 
issued in December 1927 by the Board of Investigation 
and Coordination of the Society for the Promotion of 
Engineering Education as Bulletin No. 13, entitled 
‘Opinions of Professional Engineers Concerning Educa- 
tional Policies and Practises.”’ 


As an important part of the general investigation of 
engineering education, special inquiries were made 
among a considerable number of the more influential 
engineers who are members of the national societies 
corresponding to the five principal divisions of engineer- 
ing education. The lists of members used were chosen 
after consultation with the special committees and 
secretaries of the societies, and the societies cooperated 
in conducting the inquiries. 

The results of a complete detailed analysis of nearly 
1100 returns, including those from 271 prominent 
electrical engineers, are presented in this Bulletin. 
Parts I, II, and III relate to engineering education in 
general, containing “a summary of general inferences 
and conclusions, a summary of opinions on a group of 
specific educational issues, and a summary of opinions 
concerning the extent and means of the influence of the 
engineering profession in engineering education.” Parts 
IV to VIII inclusive contain the results of the inquiries 
in each of the five principal divisions of engineering 
education and selected comments submitted by engi- 
neers of each group. . 

Conclusions derived from the replies of the electrical 
engineers are that electrical engineering curricula 
should not be sharply differentiated from those in other 
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divisions, and that the broad base of the curriculum 
should include mathematics, physics, English, drawing, 
mechanics, mechanics of materials, heat power engi- 
neering, hydraulics, economics, shop practise, and 
business law. The majority opinion is that economics 
should be emphasized but should be taught in engineer- 
ing courses rather than separately. Only a small 
minority favored distinct curricula in certain divisions 
of electrical engineering. A larger influence in engineer- 
ing education by the national societies was favored by 
many. 

Copies of Bulletin No. 18 may be obtained from the 
Lancaster Press, Lancaster, Pennsylvania, at a nominal 
price of thirty centseach. Titles and prices of previous 
bulletins and reports published by the Board of Investi- 
gation and Coordination may be found in the JOURNAL 
for January 1927, page 83, and September 1927, 
page 858. 


Some Leaders 
of the A. I. E. E. 


William LeRoy Emmet, vice-president of the Insti- 
tute 1900-1902, was born at Pelham, New York, 
July 10, 1859. In 1881 he was graduated from 
the U. S. Naval Academy and remained in the Navy 
for two years thereafter. For thirty years he worked 
earnestly and enthusiastically toward one goal—the 
mastery of obstacles that appeared to lie between 
engineering theory and its practical application. In 
this endeavor, he showed tenacity and fearlessness, 
his practical knowledge of operating conditions enabling 
him to weather discouragement. Apparent failure in 
principle only led Mr. Emmet to study details, for in the 
fullness of this knowledge he felt confident that he could 
perfect the fundamentals. In the analysis of a situa- 
tion, either mechanical or human, Mr. Emmet was a 
master worker. 

His was untiring energy and diligence of application. 
To offers of high salaries and positions of executive 
importance he turned a deaf ear, preferring to remain 
among the yet unsounded engineering problems rather 
than assume the direction of the better explored endeav- 
ors. In 1887 he joined the Sprague Electric Company, 
then coping with electric railroad developments in 
Richmond, Va., Harrisburg, and other cities through- 
out the country. In 1889 he was sent to Pittsburgh 
to superintend the Sprague Electric Company’s 
installation, one of the largest electric railroad opera- 
tions of the time. Mr. Emmet, with his characteristic 
determination, tackled the work, rewound motors, 
reinsulated coils, devised new methods of attaching 
the brushes—methods which afterward became historic 
in electrical development—and invented a new system 
of insulating armature coils. 

In 1890 Mr. Emmet went with the Westinghouse 
Electric & Mfg. Co., but only for a short time. During 
his work with the Sprague Co., the R. D. Nuttall did 
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much work from his designs on trolleys and electric 
railway devices used either in the Sprague Co. work or 
sold by Emmet to the Westinghouse Co. and to Electric 
Railways. This led to the Nuttall Co’s. later activity 
in this field. About this time he was granted several 
patents on trolley devices and other supplies which 
later proved their worth in this field of application. 
Next he went to Buffalo to become electrical engi- 
neer for the Buffalo Railway Company, but went on 
almost immediately to Chicago as district engineer for 
the Edison General Electric Company, just formed. 
In 1892, this company transferred him to their New 
York Office and started him in as engineer in charge of 
the Foreign Department, later, again transfering 
him to the Lighting Department, where his most 
important professional work was begun. In was in 
1900 that Mr. Emmet started his work in the develop- 
ment on the Curtis steam turbine, and in 1902 the first. - 
500-kw. machine was installed in Newport, R. I. with 
great success. Three months later this was followed 
by a four-stage 3000-kw. machine which gave much 
greater economy and really put the turbine operations 
upon a firm basis, and by the end of the year, the first 
and famous 5000-kw. machine was installed in Chicago. 
It soon became of worldwide fame. Mr. Emmet was 
the first to point out the great importance of high 
vacuum in the operation of the turbine; he also 
initiated the use of the turbine for ship propulsion (1907) 
first, in two fireboats in Chicago, and in 1909 the first 
proposition was made to the United States Government 
for the operation of battleships. Of his work in the 
early development of a-c. generators, Mr. Emmet once 
stated that his greatest difficulty was the hunting of 
alternators operated in parallel by reciprocating engines. 
This apparent defect in the electrical apparatus he 
traced to the engine governors, but with a few changes 
which he suggested in the design, the trouble was 
speedily overcome. The first successful operation of 
a-c. generators was in Omaha, where 48-pole, 300-kw. 
machines were installed. In his turbine work, Mr. 
Curtis was of great assistance and support to Mr. 
Emmet. For the year 1919, he was the recipient of 
the Edison Medal for his "invention and development 
of electrical apparatus and prime movers.” 

Mr. Emmet has over a hundred patents on electrical 
and kindred apparatus to his credit. Heisa member of 
the American Philosophieal Society, the Society of 
Naval Architects and Marine Engineers, the National 
Academy of Sciences and has contributed much to 
technical literature, both by way of papers and longer 
works. 
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Surge Impulse Breakdown of Air 
BY J. J. TOROK* 


Associate, A. I. E. E. 


Synopsis.—This paper describes a phenomenon which is used 
as a method of studying the development of high-voltage sparkover. 
Ithas been found thatif a voltage which rises very rapidly to a value 
more than sufficient to cause breakdown, if continuously applied, is 
impressed upon a sphere-gap and this is very quickly reduced to a 
low value, luminous streamers are produced instead of the usual 
inlense spark. These streamers can be observed with the eye and 
can be recorded on a photographic plate by the use of a quartz lens. 

The phenomenon described and recorded is of intense interest 


EVERAL attempts have been made to extend the 

theory of ionization by collision, as developed by 

Townsend,’ to account for the time lag of sparks. 
None has been successful in accounting for time lags 
of a shorter period than 10-7 seconds, which experi- 
menters such as Pedersen,5 Peek? and Burawoy" find to 
exist at atmospheric pressures and large gap lengths. 
For the study of impulse characteristics, etc. 

For the study of impulse characteristics of gaps and 
other apparatus, it is necessary to have a controllable 
source of high-voltage impulses. Surges are usually 
produced artificially by discharging condensers through 
a resistance by means of a sphere-gap. The voltage 
piles up across the resistance which gradually discharges 
the condenser. The discharge may be a damped 
oscillation or a d-c. impulse, depending upon the value 
of the constants of the circuit. A surge generator of 
this nature, which the author used in studying time 
lags of sparks, was fully described by D. F. Miner.! 


VISUAL EVIDENCE OF TIME LAG 


The study of time lag demands a knowledge of wave 
form of the impulse obtained from the surge generator. 
While attempting to determine the wave front of 
steep waves by reflection methods, the author noticed 
that occasionally a glow resembling a corona discharge 
occurred between the 75-cm. spheres used as a mea- 
suring gap. It has been generally accepted in low- 
frequency work that the sphere-gap flashover takes 
place without the initial corona formation that precedes 
a needle-gap flashover. The observance of this glow 
discharge led to a special study of the conditions under 
which it occurred. | 

The surge generator was connected directly to a trans- 
mission line 50 ft. long as shown in Fig. 1. The end of 
the line was grounded, thus causing the voltage at G, 
(75-em. spheres) to be suddenly reduced when the wave 
reflected from the grounded end reached G;; con- 


*Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 

1. For references see Bibliography. 

Presented at the Winter Convention of the A. I. E. E., New York, 
N. Y., February 18-17, 1928. Complete copies upon request. 


because it presents the intermediate stages between the initiation of 
and the actual flashover between the spheres. 
The effect on time lag of flashover, with special reference to the state 
of ionization of the gas previous to flashover, is also discussed. 
Beside giving information on the mechanism of development of 


.sparkover, this method of ‘‘suppressed discharge" has been used to 


determine the nature of the electrostatic field about insulators and 


between electrodes of various shapes. 
+ * x * * 


sequently, the voltage impressed on G; rose very steeply 
and then dropped very sharply as a result of the reflec- 
tion at the end of the line. Under these conditions, 
when trying to measure the crest of the voltage with a 
75-cm. sphere-gap at G;, a glow, instead of a spark, 


Fic. 1—DiAGRAM FoR USING TRANSMISSION LINE 


appeared between the two spheres. This phenomenon 
showed that the voltage was reduced so quickly to a 
negligible value after ionization began that a complete 
spark was prevented from forming. 


IMPROVEMENT OVER TRANSMISSION LINE 


The voltage wave impressed upon the sphere-gap 
was then of the nature shown in Fig. 2. The ionization 


Time 


Fir. 2—GENERAL SHAPE OF WAVE IMPRESSED ON SPHERE-G APS 


by collision would probably start before E, but the 
developed spark might not occur until point f was 
reached, due to the time lag of the sphere-gap. If the 
voltage was brought to zero somewhat faster, the 
developed spark might not occur at all, even though the 
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air between the spheres would be sufficiently ionized 
to cause a luminous glow. Since the wave shape 
obtained in this way had such a flat top, conditions were 
quite critical and therefore any slight overvoltage or 
decrease in the spacing of the spheres caused a complete 
breakdown, while if the voltage did not quite come up 
to that for which the spheres were set, no luminous 
discharge would occur at all. A less critical arrange- 
ment was found by using a second sphere-gap, G, Fig. 3, 


Fic. 3—METHOD FoR UTILIZING SPHERE-Gap INSTEAD OF 
TRANSMISSION LINE 


instead of the grounded transmission line. This 
circuit was a great improvement over the original 
one, as it was much more flexible. By varying the 
setting of the second sphere-gap G,, it was possible to 
obtain a photograph of the discharge in the first gap 
Gin any stage of its development. The second sphere- 


Fic. 4 


Fic. 4—A TYPICAL SUPPRESSED DISCHARGE IN WHICH CATHODE 
IS GROUNDED 


Fra. 5—SuPPREsskED DISCHARGE WITH ANODE GROUNDED 


Fig. 5 


gap reduced the voltage to a negligible value much more 
rapidly than was possible with the transmission line 
where the wave front was the controlling factor. An 
example of a discharge across the first sphere-gap 
obtained in this way is shown in Fig. 4. 

From the known characteristics of the surge front, 
a fair conception of the time required for a streamer to 
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bridge a 40-cm. gap was obtained. This time, using 
75-cm. spheres, was found to be of the order of 10-* 
seconds. The wave used had a rate of rise of approxi- 
mately 5000 kv. per microsecond. "Thus, knowing the 
sphere-gap settings (and their corresponding static 
sparkover voltages) at which suppressed discharges 
first appear and the maximum separation at which 
complete sparkover is obtained, the time elapsing 
between the two periods can easily be found. 


SUPPRESSED DISCHARGES 


Discharges of the nature shown in Fig. 4, or “‘sup- 
pressed discharges" as they might be termed, give 
much information concerning the process of breakdown. 
The bright streamers on the ungrounded positive 
sphere in Fig. 4 span only a portion of the distance 
between the spheres. The rest of the gap is bridged by 
a light purple haze. Differences in intensities of lumi- 
nosity of various portions of the field indicate, inarough 
way, that the state of ionization is not uniform through- 
out. It is probable that the bright anode streamers 
have already the properties of arcs, while the haze 
extending from the ends of the streamers to the cathode 
is still a glow discharge. Evidently, then, the break- 
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Fig. 6—FORMATION OF STREAMERS IN SPACE BETWEEN 
ELECTRODES 


down starts at the most intense portion of the field 
(assuming a uniform density of free electrons through- 
out the field) and progresses into the field until it meets 
a streamer developing from the electrode of opposite 
polarity. In the case of sphere-gaps, when one sphere 
is grounded, the gradient at the surface of the un- 
grounded sphere is much higher than the gradient on 
the grounded sphere. This fact is clearly illustrated 
by Figs. 4 and 5. In Fig. 4 the cathode is grounded, 
while in Fig. 5, the anode is grounded. The streamers 
on the grounded sphere have developed but little, 
showing a weak field at that point. These figures 
indicate rather clearly that a spark develops from a 
dark current to a glow discharge which in turn assumes 
the properties of an arc at points where the current 
densities are highest. 

Suppressed discharges have been obtained on gaps 
varying from 0.25-cm. to 75-cm. spacing. 6.25-cm. 
spheres were used for voltages ranging below 100 kv. 
crest, then for potential ranging between 100 kv. and 
500 kv., 50-cm. spheres were utilized. For all voltages 
above 500 kv., 75-cm. spheres were used. While 
observing these discharges on small spacings, (0.25 em. 
to 2-cm.), several discharges occurred which had their 
intense streamers in the center with a faint glow ex- 
tending from both ends to the electrodes. Fig. 6 
illustrates this phenomenon. 
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This type of discharge was obtained only after several 
lower-voltage surges, not resulting in breakdown of the 
air, were impressed on the spheres. Several explana- 
tions for the phenomenon were considered, the following 
two being the most logical; first, that the location of 
the first streamer is a matter of probability, and the 
resulting variability in its location becomes more 
marked as the initial number of free electrons in the 
field diminishes; second, that a current of air carries 


Fic. 7—ELectropEs Usep To OBTAIN HoMOGENEOts FIELD 


out the air ionized by application of voltage below the 
breakdown value, replacing it with air containing the 
normal number of free electrons. The surface friction 
prevented the air next to the electrodes from being 
swept out. When a surge of higher amplitude than the 
rest was applied, the air in the center of the gap became 
ionized to a higher degree than that at the surface, 
due to the greater initial number of free electrons at 
that point. As ionization progressed, a streamer 
formed in the center, but before it could reach either 


Fig. 8—ScHEME FOR De-IoNiziNa AiR BETWEEN SPHERES BY 
CONDENSER POTENTIAL 


electrode, the voltage was reduced by the suppressing 
gap. 

Should the second explanation be correct, it would 
mean that the breakdown, (at least with very steep 
surges and normally ionized field), is not produced by 
electrons traversing the entire field but that each portion 
of the field is ionized separately by the local ions, 
these sections being joined together as the streamer 
progresses. 

Using spherical electrodes this phenomenon was 
reproduced quite often, t. e., 1 out of 10 times. Again 
when the field distribution is considered it is difficult to 
attribute this type of suppressed discharge to prob- 
ability. The highest gradient is at the surface of the 
spheres, while the gradient at the center is appreciably 
lower; thus the velocity of the electrons and positive 
ions will be higher near the surface than in the center 
and more electrons will be produced there. With 
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higher density of free ions near the surface, the prob- 
ability of the arc originating at the center would be 
much less. When however, electrode of the type 
shown in Fig. 7 was used, the phenomenon occurred 
3 out of 10 times, the gradient throughout the field 
being more nearly homogeneous than with spheres, 
which gives the probability theory more weight. 


THE EFFECT OF VARYING THE INITIAL DENSITY 
OF IONS 


The original number of ions in the field can be varied 
by two means,—controlling a source of ionization and 
by drawing the free ions out of the field. The latter 
can be effected by impressing a constant voltage below 
breakdown value on the electrodes. In applying the 
first method, soft X-rays were used to ionize the field. 
The set-up used is shown schematically in Fig. 8. 
Gaps G; and G, had a constant potential impressed 
upon them, which in this case is always the condenser 
charging potential E. When G, broke down the two 
banks of condensers were thrown in series, impressing 
2 E on gaps G2, Gs, and G,. In this manner, surges were 
applied to sphere-gaps which were constantly excited. 
Under these conditions the number of ions in the field 
just before breakdown was reduced to a very small 
quantity. G, was set slightly above the breakdown 
value of G, so that G, would break down before Gs. 
G, was used to measure the voltage and, under suitable 
conditions, would show suppressed discharges appearing 
across G;. The results of this test are tabulated in 
Table I. Under these conditions, suppressed discharge 
at G, could rarely be obtained, and even then, the glow 
at the ends of the streamers was very faint. The 
maximum voltage indicated by G, was 66 kv. X-rays 
were directed on G, Fig. 8 to increase the ionization 
in the gap. Now, however, the spacing in G, has to be 
increased to 3.18 cm. before complete breakdown ceased. 
This setting corresponds to 81 kv. Suppressed dis- 
charge appeared up to a separation of 3.8 cm. or 89 kv. 
The glow at the tips of the streamers was now very 


TABLE I 
Gi Gs G4 


Conditions Remarks 
Excited 
No X-rays..|1.68| 50 Complete flashover 
on G, ceased at 
2.33-cm. spacing 
and suppressed dis- 
charge occurred 
very seldom above 
that value. 
Excited 
X-rayson G| 1.68} 50 | 1.9 | 57 |3.18| 81 
. Complete flashover 
ceased on G, for 
separations above 
3.18 cm. but sup- 
pressed disharge 
appeared from 
3.18 cm. to 3.8 cm. 
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Fia. 9 Fic. 10 


Fic. 11 Fig. 12 


Fics. 12, 13, 14, 15—Successive STAGES or BREAKDOWN OF AIR 


12. Early stage 


13. Secondary stage 


14. Space almost spanned by streamers 
15. Complete discharge 


pronounced. These two tests indicate rather strongly 
_ that the time lag of sphere-gaps is a function of the 
number of ions in the field when the surge is applied. 
The prominence of the glow at the ends of the streamers 
in the case of previously ionized gaps, together with the 


Fic. 183—ELeEctrostatic FIELD AROUND INSULATORS MODIFIED 
BY ARCING RING AND ARcING HORN 


increase of speed of breakdown, is in full accord with the 
assumption that the free ions originally in the field 
produce numerous ionized sections which finally join to 
form streamers. The rapidity of development of these 
streamers might be taken as a function of the number of 
these ionized sections. 


ELECTROSTATIC FIELD DETERMINATIONS 
It seems possible to study the progressive stages of 
breakdown by the suppressed discharge method. This 


will yield important information as to the character of 
breakdown with various type of apparatus. 


Figs. 9, 10, 11, 12 were selected from a large number 
of tests as representing progress of breakdown from 
initial streamer formation to arc-over. 

One application of the suppressed discharge which 
has proved useful in engineering work is shown in Figs. 
13 and 14. A picture of the electrostatic field sur- 
rounding an insulator string at the time of impulse 
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application is produced, and shows the corrective or 
destructive effect caused by use of special transmission 
fittings. In Fig. 13 a horn was used at the top and a 
ring at the bottom of an eight unit string. The con- 
centration at the horn tips is shown and also the 
drawing-in of the field at the top of the string. This 
leads frequently to cascading flashover. In Fig. 14 
two arcing rings were used, and the field is much im- 
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proved. A flashover clear of the string will result from 
this field. 

The writer wishes to express his appreciation to 
Dr. J. Slepian for many suggestions and comments, 
which have been of great assistance in carrying on this 
work and in preparing this paper; also to Messrs. 
Fortescue and Tenney for their valuable criticisms. 
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Thermal Volume Meter 


BY G. W. PENNEY! 


Synopsis.—The thermal volume meter was originally brought 
out by Professor Thomas, and is frequently called a *'Thomas 
Meter." The principle is that the temperature of the gas is raised 
by means of an electric heater, the change in temperature being 
accurabLly measured either by means of resistance thermometers 
connected in a wheastone bridge network, or by means of a thermopile. 
It is belicved that the thermocouple method is preferable to resistance 
thermometers, and most of the paper deals with that construction. 

The usual construction has walls of wood or micarta which 
serve as an insulating support for the heater coils and thermocouples. 
The paper deals with the general proportions of the volume meter aa 
to section and length, the former being determined mainly by the 
mean velocity of the air, and the latter by the distance needed to give 
the gas an opportunity to mix after passing the heater. A sufficient 
number of thermocouples is required to give a good reading of the 
potentiometer with a comparatively low temperature rise of the gas 
and also to obtain a good average of the gas temperature. The 
details of construction are described. | Equations suitable for calcu- 
lating the volumes of the gas are then given. 

Then follows considerable discussion on the possible sources of 
error in the meter, the principal ones being: 


1. INTRODUCTION 


HERE are many ways of measuring the volume of 
flow of gases, each having advantages and dis- 
advantages. The more important of these 

methods are given in Appendix I, together with reasons 
why they are not generally well adapted for the mea- 
surement of air volume passing through electrical 
machinery. With most of the more accurate methods, 
the principal objection is that the pressure drop is so 
great as to reduce the volume considerably (e. g., the 
orifice method). In the thermal volume meter, this 
objection is met by using a short duct in which the 
velocities are only moderate and the obstructions 
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a. The non-uniform healing of the gas. 

b. Non-uniform distribution of velocities. 

c. Heatescapement. 

Methods are suggested for determining the magnitude of these 
experimentally or by calculation. There are several minor sources 
of error, such as: 

Time lag of meter. 

Unsteady source of e. m. f. 

Instrument errors. 

Heat flow along thermocouple wires. 

Loss of pressure in passing through the meter. 

. Variation of specific heat and humidity. 

Most of these are shown to be of negligible effect. 

Some notes on design are given, which include means of calculating 
the proportions of the heater. 

In Appendiz I the advantages and disadvantages of various 
methods of measuring gas volumes are included. In Appendiz II 
will be found some notes on comparison of resistance thermometers 
and thermocouples for temperature measurement. In Appendix III 
consideration is given to.the electrical machine as a thermal volume 
meter. 
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very small so that the resistance to flow is very slight 

The thermal volume meter was first brought out by 
Prof. Carl Thomas, and is frequently called a “Thomas 
Meter." 

The principle of operation of the instrument is that 
the temperature of the gas is raised, the temperature 
increase and the amount of heat required to produce 
that change in temperature being accurately measured. 
As the specific heat at constant pressure has been 
accurately determined, the mass of the gas flowing per 
unit of time can then readily be calculated. As most 
engineers are more interested in the volume than in the 
mass, the change to volume can readily be made, if 
one has a knowledge of the absolute pressure and 
temperature. In practise, the gas is heated electrically. 
The temperature increase is measured by one of two 
methods: (1) By means of resistance thermometers 
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placed before and after the heater, and used as two arms 
of a wheatstone bridge; and (2), by means of thermo- 
couples connected in series (frequently called a thermo- 
pile). A comparison of these two methods of tempera- 
ture rise measurements is given in the complete paper. 
It is believed that the latter method, using thermo- 
couples, is preferable. The following description per- 
tains to that type. 

In this paper the experiences of the authors and their 
co-workers at the Westinghouse Company are given; 
there is very little in the technical literature on the 
subject with which to compare. 

Some of the material in this paper has appeared else- 
where, but as it is scattered, it was thought best to com- 
bineit with that which has not previously been published. 


2. CONSTRUCTION OF THE THERMAL VOLUME METER 


As electrical conductors are used for the heater and for 
the temperature measuring devices, the construction is 
simplified by the use of electrical insulator material 
for the walls. This has an additional advantage, since 
an electrical insulator is usually a poor heat conductor, 
and to secure accuracy, it is essential that escapement 
of heat from the outside be avoided. In all but the 
smallest sizes, pine or maple wood has been used; and 
for the smaller sizes, such as is shown in Fig. 1, micarta 


1—A SMALL VoLuME METER Wire One Sipe REMOVED 
FOR INSPECTION 
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plate was the material adopted. The walls are then 
thermally "insulated" with cork board. In the larger 
sizes, with wooden walls about one inch thick and with 
internal temperatures of the air not over 5 deg. cent. 
above atmospheric temperature, it was found.that the 
heat loss from the outside was negligible, even though 
there was no heat insulating material added to the 
exterior. This heat loss ean be calculated sufficiently 
accurately to determine whether or not insulating 
material should be added, and: how much. 
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Fig. 1 shows a small meter, with one side removed 
for inspection. Its inside dimensions are 315 in. by 
314 in. by 18 in., and it is suitable for handling from 
60 to 300 cu. ft. per min. approximately. 

The heating element usually consists of coils of wire, 
wound like coil springs and stretched across the volume 
meter. Screw eyes are used for holding the coils in 
place, but in order to secure uniform heat distribution, 
the screw eyes must hold the coils very close to the 


Source of Heater Voltage 
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walls. The wire of which the heater is formed should 
not be passed through a thick wooden wall, as this 
portion of the wire would then have very poor heat 
dissipation and might reach a temperature sufficient 
to set the wood on fire. A brass bolt is frequently 
used as a terminal for carrying the current through the 
wall to the heater, and the heater should be large enough 
to allow a small temperature rise. Ordinarily this has 
been limited to a 50 deg. cent. rise in order to have a 
negligible amount of heat radiated to the walls and 
thermocouples. 'The distance between the heater 
coils and the thermocouple junctions depends largely 
upon how far the gas must flow to mix fairly well; 
it has been the authors’ practise to make that distance 
at least as great as the mean proportion of the two 
cross-sectional dimensions for the large meters, and 
about two or three times as great for the smaller meters. 

The number of thermocouples used has never been 
less than 16, and usually the number is more. With a 
large number of thermocouples, a good average of the 
temperature increase of the air is obtained and a 
fairly high reading of the potentiometer is secured. 
Thus, with 40 microvolts per deg. per couple, and with 
25 couples, a reading of 2 millivolts is obtained with 
only 2-deg. cent. increase in air temperature. In 
arranging the locations of the thermocouple junctions, 
the rectangular area is broken into as many equal 
squares as there are thermocouples, and a junction is 
placed in each square. The scheme of connections 
is shown in Fig. 3, where, for simplicity, two thermo- 
couples are shown. ‘The junctions are usually made by 
slightly overlapping the wires, and then, silver soldered; 
or in larger meters, they may be made by twisting the 
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wires and then soft soldering. It is important that the 
thermocouples placed in the cool stream be at the 
same distance from the heater as those in the warmed 
gas. Otherwise, heat radiation will play its part 
unequally, thereby introducing a large error, even 
when the heater coils are at a comparatively low tem- 
perature. In dry weather, static electricity has been 
known to affect the reading of the potentiometer, and 
it is well then to ground one of the thermopile leads. 


3. EQUATIONS FOR COMPUTING VOLUMES 
It may be shown readily that 


_ 0.08155 W 
= C. 8 (1) 


cu. ft. per min. of the gas. 
density in pounds per cu. ft. 
specific heat at constant pressure. 
watts absorbed by the gas. 
temperature rise of the gas. 
For dry air, the density at 25 deg. cent. and 29.92 
in. of mercury may be taken as 0.074, and the specific 
heat as 0.2418. Then for such conditions, 


Q 
Y 
C, 
W 


D 
Il 


W 
Q = 1.765 E (2) 


For any other than standard conditions, the law of a 
perfect gas may be used, so that then: 


273 +t\ 29.92 W 
o = 1.165 (zu) P cg 
213 +t\ W 

= 0.177 =) E (3) 


Here, t is the temperature of the air, deg. cent., and 
P is the total pressure in inches of mercury? The 
influence of humidity is so small that it may well be 
neglected. The order of error is discussed under 
"Sources of Error." 


If E = microvolts per deg. from a calibration curve 
of the thermocouples, » = number of pairs of junctions, 
and e — reading of potentiometer in millivolts. 

e 


0 = 1000 -F 


Substituting this value in Eq. (3) and adding the cor- 
rection for variation from standard temperature and 
pressure gives 


O.177nEW = (213 +t) 


= — i00 " Pp qw ft. of air per min. 


2. It will readily be seen that the volume per unit time 
changes with the density as the gas passes through the &pparatus. 
The particular values of t and P to be used in equation (2) are 
those corresponding to the location where the value of volume is 
desired:—this might be ahead of, behind, or within the meter. 
In most cases, the differences in density at various locations are 
so small as to be negligible. 
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4. POSSIBLE SOURCES OF ERROR 


The principal sources of error are (A) non-uniform 
heating of the gas; (B) non-uniform distribution of 
the gas; and (C) heat escapement. 


A. Non Uniform Heating of the Gas. This has 
previously been mentioned. To discuss this, it is 
assumed that the velocities are uniform throughout the 
section. It is manifestly impossible to secure uniform 
distribution of loss in the heater coils, for in order to do 
this it would mean that the heater would cover the 
entire section. By making the volume meter fairly 
long the gas has more of a chance to mix after it has 
passed the heater. It is believed that the heater coils: 
tend to produce some turbulence in the gas stream,. 
which assists in mixing the gas. "Then, by employing 
a large number of thermocouples, the error becomes: 
practically negligible. In some of the tests, the e. m. f. 
per thermocouple was measured, which was easily 
done by removing the insulation from the joints of the 
series connections on one side of the meter, and then 
using a sensitive potentiometer and galvanometer for 
balancing. It was usually found that there was con- 
siderable variation in e. m. f. per couple, but with a 
large number of couples, the average of the readings was 
so close to the true average that the error was very 
small. For example, the volume meter shown in Fig. 1, 
with 20 thermocouples, was checked against a con- 
verging nozzle, designed in accordance with data in 
the paper by Dr. S. A. Moss? In three sets of readings, 
in which the air was heated 3 deg. to 6.8 deg., the 
difference, between the nozzle and volume meter 
readings were 4-0.4,— 0.8, and —1.5 per cent, the plus 
sign meaning that the volume meter read high. Yet 
readings of individual thermocouples varied from 
0.040 to 0.105 millivolts, with an average of 0.0827 
millivolts, thus showing 51.5 per cent below, and 27 
per cent above the mean. In this case, the velocity 
distribution was very good, the error due thereto being 
probably less than 0.3 per cent. 


B. Non-Uniform Velocity. In the forgoing where 
non-uniform heating was considered, it wasassumed that 
the velocities were uniform throughout the meter. In 
general, that condition cannot be obtained, but it can 
be approached close enough to reduce the error due 
thereto to negligible magnitude. The effect of non- 
uniform velocities is different from non-uniform 
heating. Thus, assuming uniform heat distribution, 
the temperature increase of the gas as it passes 
through the heater coil is nearly inversely as the 
velocity. On the other hand, if the velocities are 
uniform, the temperature increase is directly pro- 
portional to the heat per unit of area. It is because of 
the reciprocal relation with velocities that great de- 
partures from uniformity should be corrected. In some 
of the earlier tests, it was found that the air in some 
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small areas actually moved in the reverse directions 
to the main air streams. Then the cool and warm 
thermocouple junctions were reversed, and a very large 
error was introduced. It is not essential that the 
velocities be uniform, but the departures should not 
cause the errors in measurement to be more than about 
one per cent. Then there may be considerably greater 
irregularities than for, say, pitot tube measurements. 

If the sectional area of the duct be broken into a 
number of small but equal areas, through any one of 
which the velocity is considered uniform, and those 
velocities be assumed to obtain throughout the length 
of the volume meter, then the ratio of the volume that 
would be measured were the velocities uniform to the 
volume that is measured, is given by* 


- a v)(z 3) 


n? 


(9) 


Here, V is the velocity in the small section, and n is 


Fig. 6—A SMALL TURBO ALTERNATOR WITH VOLUME METERS 
ATTACHED 


Thermocouples were also provided for measuring temperature rise of the 
alr through the machine. 


the number of sections; that is, multiply the volume as 
measured by R to obtain the correct volume. 


If the volume meter discharges into the atmosphere 
or if the duct leaving the volume meter can be removed, 
an impact tube may be used to determine the approxi- 
mate velocity distribution over thecross-section. In 
other cases it may be necessary to insert a pitot tube 
through a hole in the duct wall to determine the velocity 
distribution. The velocity should be sufficiently uni- 
form so that the error as given by equation (9) is not 
serious. When the air is to be taken directly into the 
volume meter from the atmosphere, the vena contracta, 
arising from sharp entrance conditions, should be 
avoided, and a suitably curved converging intake should 

4. The derivation of this equation is given in the Appendix 


of paper "Performance of Centrifugal Fans for Electrical 
Machinery,’’ A. S. M. E. 1924. 
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be provided such as is shown in Fig. 6. It should be 
especially noted that an obstruction, or sudden bend, 
within, or just head of, the meter may produce very 
poor velocity distribution, and should be avoided. 
A fairly long straight duct ahead of the volume meter 
will usually give a satisfactory velocity distribution. 


C. Heat Escapement. To secure accurate measure- 
ments, all of the heat generated in the heating coils 
must be absorbed by the gas passing through the meter, 
and the heat loss from the walls must be of no conse- 
quence. Ina moderate sized meter with walls of wood 
which has a low thermal conductivity and with slight 
differences between internal and external temperatures, 
the loss of heat from the surface is usually negligible. 
But in small meters having perimeters that are large in 
relation to the cross-sectional areas and with walls of 
thin micarta, the heat loss from the surface may intro- 
duce a serious error, especially if heated air is being 
passed through the meter. This error may be made 
negligible by covering the meter with several layers of 
cork board. 


Minor Sources of Error. | 
a. Time Lag of Meter. 


In any thermal device, time is required to reach a 
steady state of temperature. Unlike most devices, this 
time usually increases as the size of the meter decreases. 
In the larger volume meters the thermocouple e. m. f. 
can be read in less than a minute after the current value 
is fixed, while in a very small meter it has been found 
necessary to wait more than 10 min. This might not be 
objectionable if all other conditions were constant but 
with a fluctuating room temperature (e. g., in a room 
with a door opening to the outside), or with a slightly 
fluctuating voltage supply to the heater, an appreciable 
time lag in the meter may make it almost impossible 
to obtain accurate readings. 


b. Influence of Variation in Specific Heat and 
Humidity. | | 

Errors introduced by neglecting the influence of 
change of specific heat with temperature, and of various 
percentages of humidity are very small, and it is be- 
lieved that for practically all engineering work, their 
effects upon volume meter readings may be ignored. 
According to Mark's Mechanical Engineers Hand Book, 
the specific heat of dry air at 10 deg. cent. is 0.2412, 
and at 50 deg cent., it is 0.2422, a difference of only 
0.41 per cent, over probably a greater range of tempera- 
tures than will usually be encountered. 


As to humidity, the density decreases and the specific 
heat increases the greater the humdity, the product of 
the two changing very little. At 25 deg. cent. and 
29.92 in. of mercury for dry air the product is 0.07408 by 
0.2418 — 0.0179. For 100 per cent moisture, it is 
0.07317 by 0.2462 — 0.01801. "The difference between 
these two products is only 0.6 per cent, for greater 
extremes than will be found in test. 
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Automatic Control of Edison Systems 
As Applied in the St. Charles Street Substation of the Union 
Electric Light and Power Company 
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Synopsis.—A brief description of the Edison System at St. 
Louts is given, and power supply, service restoration, and system 
balance are discussed. 


The relation of the St. Charles St. Substation to the remainder of 
the system is pointed out and certain features of its design explained. 
The scheme of loading the machines and the method of load shifting 
between machines is given in detail. The distinctive features of the 


INTRODUCTION 


DISON d-c. systems in large cities have been the 
result of natural growth and in many cases have 
reached such a size that their replacement would 

be a tremendous undertaking even though a careful 
study might indicate such a step to be desirable 
from an engineering standpoint. Since, to many 
companies, the operation of Edison systems is a big 
problem, it was felt that a description of the manner of 
revamping the Edison system in St. Louis and the 
results obtained would be of interest. In redesigning 
this system, the use of automatically controlled ma- 
chines was thoroughly studied and tried out, and in this 
paper particular emphasis is laid upon the application 
of automatic control to the St. Charles Street Sub- 
station, Fig. 1, which is the largest Edison station and 
representative of the latest design of equipments. 


THE EDISON SYSTEM 


The 250-volt Edison district of the Union Electric 
Light and Power Company covers an area approxi- 
mately one mile wide by 134 mi. long, and at present 
attains a peak load of approximately 32,000 kw. 
The district is supplied from eight substations, all but 
two of which are entirely automatic. 

The a-c. power supply to the stations is derived from 
two separate and distinct systems. Five of the stations 
are supplied at 60 cycles and three at 25 cycles, with 
approximately 50 per cent of the total capacity at each 
frequency, each system being fed by two plants; so that 
the Edison stations receive power at two frequencies 
and from two plants at each frequency. 

No stand-by batteries are maintained on the 250- 
volt Edison system. Although this type of load 
demands a high degree of service continuity, it was 
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various types of machines at this station are discussed, particular 
attention being given to the control of the converter with transformer 
taps and high-voltage revolving field booster. The scheme of auto- 
matically changing taps under load is described fully. A brief 
summary of the protective features on this machine is also given. 


The operating experience with the automatic equipment at the 
St. Charles St. Station is related. 


felt that the improved reliability of the a-c. supply, 
together with the use of automatic control equipment 
for service restoration, made the batteries unnecessary. 
Motor-generator sets are relied upon for service restora- 
tion, all of them having stable operation at all voltages. 
The rotary converters are capable of operation through 
a considerable range of d-c. voltage, and all are a-c. 
starting. 

Of the total system capacity, 36,600 kw., somewhat 
in excess of 50 per cent, is in motor-generators. This 
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means that in the event of a complete Edison system 
outage, the motor-generators will “come in" first and 
will be of sufficient capacity to raise the voltage to 
something above 50 per cent. At this point, the first 
converters will “come in" and further raise the voltage, 
being followed by the other converters as the system 
reaches their lower operating limit. 

The system neutral is supplied by the rotary con- 
verters, the motor-generators in every case being two- 
wire machines. The converters are fairly well distrib- 
uted over the system and a sufficient number is kept 
running during the night to properly maintain the 
neutral. 
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THE ST. CHARLES STREET SUBSTATION 


The St. Charles Street Substation always has been 
the largest Edison station and being very close to the 
load center, it has always been considered a base load 
station. In 1925 everyone of the manual machines atSt. 
Charles Street, with one exception, was reaching 
the end of its life and it was necessary that they 
be replaced. There was no question of whether the 
new machines should be manually or automatically 
controlled, for, aside from the apparent saving in 
operating expenses, the experience with automatic 
substations had demonstrated their ability to withstand 
system disturbances, their greater speed in service 
restoration and their superior voltage regulation. 

Fig. 2 shows a one-line diagram of the station. It 


6600 Volt 25~ Incoming Feeders 
Wo. 5 No 8 No. 29 No. 10 No.13 


Tux. Power Trans T T Aux. Power Trans. 
6600 / 220 Volt 6600 / 220 Volt 
100 Kv.a.3¢ 100 Kva.3f 
Lj L] | D: 
D 
b600 Volt 25 ~ Bus 


Ea ae 2 
bo ee 


To Blowers Oper. Trans. To Blowers 
6600 / 220 110 Volt 
I 3 Kva.1$ [ 
= C] . 
No. 12 M.G. No. 11 M.G. 
pA Rot So, Ow wD OD 
e M No. 8 Rot. Conv 
2250 Kw. 
2 ) 
Volt D.C. 
| Be 250 Volt D.C. Bus 
p uml 
8 24 


Fic. 2—One-Line D1iacraMm or St. CHARLES St. SUBSTATION 
will be noted that power is received at 6600 volts 25 
cycles, over five underground feeders, and is distributed 
over 32 outgoing low-voltage feeders. 

The automatic control equipment for the station 
contains a number of features which are unique and 
new in the installation and for this reason, will be of 
particular interest. Some of these schemes of control 
were made necessary by the peculiar problems met in 
the design of this station, such as the use of a com- 
paratively large number of automatically controlled 
machines, the use of a rotary converter with a new 
type of control for picking up the bus at low voltages, 
and the necessity for unusually close voltage regulation 
due to the heavy net-work and load in the area sur- 
rounding the station. Other features are new develop- 
ments in the art and these will probably find further use 
in other installations. 

The scheme of load division between machines of 
different characteristics operating in parallel, as em- 
ployed at this station, was conceived and originally 


ROTTY AND HOUGH: AUTOMATIC CONTROL OF EDISON SYSTEMS 


Journal A. I. E. E. 


applied at the Eighth Street Substation by the com- 
pany’s operating engineers. The application in this 
case was simply an extension of the original scheme. 


STARTING, STOPPING, AND LOADING SEQUENCE 


During normal light-load conditions, the tap-changing 
booster-type- rotary converter, (machine No. 8), 
supplies the entire station load. The station voltage is 
controlled by the voltage regulating relay No. 58, which 
is governed by potential from a pressure wire bus, so 
that it tends to hold the net-work potential constant 
within its area. The bus voltage, therefore, varies in 
accordance with load conditions. 

When the load on converter No. 8 reaches 95 per 
cent of full load, the load-responsive-starting relay, No. 
1A, on No. 8 machine, operates through a time-delay 
starting relay, to bring onto the bus the second machine 
in the sequence, No. 12 motor-generator set. 


When machine No. 12 closes its d-c. breakers, it 
takes the voltage control away from converter No. 8, 
and assumes load. The converter voltage is then con- 
trolled by its current regulating relays, No. 57. With 
no increase of station load, motor-generator No. 12 
would pick up a relatively small load which would not 
be sufficient to keep it on the bus. To prevent this, its 
current limit recalibrating relay, No. 95, is arranged to 
decalibrate the current regulating relays on converter 
No. 8. This causes the rotary converter to reduce its 
load approximately 2000 amperes and this load, 
together with additional load which may come on, is 
picked up by motor-generator No. 12 until at 6300 
amperes its current limit recalibrating relay picks 
up to again recalibrate the current regulating relays 
on converter No. 8. The converter then carries 100 
per cent load, and motor-generator No. 12 continues 
to absorb the oncoming load until it reaches 95 per 
cent of full load. 


At this point the load responsive starting relay 
No. 1A, on No. 12 motor-generator functions after a 
time delay to start the third machine in the sequence, 
No. 11. As soon as motor-generator No. 11 gets on the 
bus, it assumes control of station voltage and takes this 
control away from machine No. 12. Thus, rotary 
converter No. 8 and motor-generator No. 12 are being 
controlled by their respective current-regulating relays, 
and motor-generator No. 11 has its voltage controlled 
by voltage-regulating relay No. 58. To insure the 
No. 11 machine picking up enough load to stay on, its 
current limit recalibrating relay No. 95 functions to 
decalibrate the current regulating relay on No. 12 
machine by approximately 2000 amperes. As the 
load builds up further, No. 12 machine is again per- 
mitted to assume full load, as limited by its current 
regulating relay. 

When the load on No. 11 machine exceeds 95 per 
cent of full value, its load responsive starting relay 
No. 1A causes rotary converter No. 7, after the expira- 
tion of a short time delay, to be started. This machine 
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is not paralleled with the others in the station but 
instead feeds the network through a separate group 
of feeders on a section of the main bus. "This section 
is automatically split off by the opening of the bus 
tie breakers when the converter is closed onto the bus. 

With No. 7 converter on, voltage control is left 
with No. 11 machine as before and the voltage bal- 
ancing relay No. 60 of converter No. 7 balances the 
voltage of its section of bus against that of the main bus, 
holding the voltage approximately two volts higher than 
the main bus. This results in converter No. 7 taking 
a little more than its share of the load and insures its 
having enough load to stay on. 


With decreasing load, the machines are shut down in 
thereverse order from theircomingon. Rotary converter 
No. 8 is not arranged with load-responsive starting and 
stopping, since it is required on the bus at all times to 
maintain the net-work voltage and the system neutral 
at this point. 


Provision is made also for starting the next machine 
in the sequence if the last machine called for by the load 
is held off by protective devices or manual control 
switches. The next machine then does whatever the 
disabled machine would have done in the way of load 
shifting and voltage control. 


In coming back on the bus after a system outage, it 
is not permissible to allow converter No. 8 to be con- 
nected to the bus below 140 volts, which is its lowest 
regulating point. In this case, the bus undervoltage 
relay, although permitting No. 8 machine to complete 
its starting sequence to the point where it is ready to be 
connected to the bus, functions to start both motor- 
generator sets as fast as power supply conditions 
permit. As soon as the motor-generators, together 
with other stations, have raised the bus voltage to 140 
volts or more, rotary converter No. 8 is connected to 
the bus and boosts the system voltage to the limit of 
its ability. At approximately 210 volts, converter No. 
7 will also be brought on the bus. "This should raise 
the net-work voltage to approximately normal, pro- 
vided the other units on the system have started 


properly. 
MOTOR-GENERATORS 


Except for the load-responsive starting and voltage 
and load-regulating schemes described above, the con- 
trol for both motor-generator sets is similar to instal- 
lations previously described before the Institute. 
The synchronous motors are started by throwing onto 
the line through reactors, the reactors being shunted out 
when the machines have reached approximately 
synchronous speed. "The field is applied at the time 
of transfer and upon equalizing the bus and machine 
voltages, load is applied to the d-c. generators. The 
sets are of the differential compound type, normally 
operated, with the series field shunted by an auto- 
matically controlled circuit breaker. The control is 
arranged and the sets are suitable for re-synchronizing 
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under load, should power be temporarily interrupted. 


SYNCHRONOUS CONVERTERS 


. The booster-type synchronous converter, No. 7, 
is arranged for Y-delta starting by oil circuit breakers 
on the high-voltage side of the transformer. Correct 
polarity is established by temporary reversal of the 
field. This machine is connected to the bus through 
cushioning resistors, which are arranged to give two- 
step operation. 

Synchronous converter No. 8 is a shunt-wound 
2250-kw. three-wire machine with high-voltage re- 
volving-field booster, the scheme of connections being as 
shown in Fig. 3. The converter has the customary 
series and shunt commutating fields. The booster is 
provided with a double armature winding so connected 
that with a given direction of excitation on the field, 
the voltage of one winding will be in the ''boost," and 
the other in the “buck” direction. The winding used 
under any particular condition will depend upon the 
position of the tap switches. The high-voltage neutral 
is formed at the common point of the booster windings. 


6600 Volt A.C. Bus 


Fic. 3—ScHEME or CONNECTIONS OF WINDINGS, No. 8 


CONVERTER 


The transformer is provided with an extended winding 
having four 10 per cent taps. 


The control scheme used on converter No. 8 is, in 
many respects, new and novel, and for this reason, a 
rather full description will be given. 


With the machine off, it will start upon closing of the 
master switch through the customary time delay, and 
the sequence will advance in about the same manner as 
for many standard converters. Approximately half 
voltage is applied to the converter rings for starting by 
closure of No. 42A tap switch. When full field is 
reached, full voltage is impressed on the converter by 
the opening of 42A and the closure of 42D tap switches. 

The voltage of the converter is then equalized with 
the bus voltage by the operation of the booster field 
rheostat. When the voltages are properly equalized, 
the load limiting resistor breakers, No. 73, close. 
This is followed immediately by the closing of the line 
breakers, No. 72. Upon the closing of circuit breakers, 
No. 73, the control of the booster field rheostat, is given 
to the voltage and current regulating relays. These 
relays operate to hold the voltage of No. 8 machine 
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within 114 volts of normal value on the pressure wire 
bus until the converter is loaded to approximately 
8700 amperes. At this point, the current regulating 
relays No. 57 take control and hold the current on this 
machine at an average value of 9000 amperes. 


TAP CHANGING 


When voltage reduction is necessary, the booster 
rheostat is run in the "buck" direction, and when maxi- 
mum buck is reached a circuit is made to close tap 
switch No. 42C. It will be noted from the diagram, 
Fig. 3, that this connects the two ends of the booster 
across high-voltage taps on the transformer. As soon 
as No. 42C closes, No. 42D is opened and the converter 
is operating on the second transformer tap with the 
booster field rheostat in the maximum boost position. 
The transition from buck to boost is accomplished by 
the use of a double winding in the booster. When 
the tap change is made, the shunt field current is 
increased in correction for the change from generator to 
motor action on the converter. "This action is simul- 
taneous with the reversal of the auxiliary commutating 
field of the converter. This prevents “pumping” 
of the transfer equipment at the tap point. 

If further voltage reduction is necessary, the booster 
rheostat moves out of the boost position and finally 
reaches approximately maximum buck. At this point, 
tap switch No. 42B is closed and No. 42C opened by a 
similar sequence to connect the converter to the next 
lower tap. 

The necessity for further voltage reduction will 
orce the converter to the lowest tap by an operating 
sequence similar to that above which closes tap switch 
No. 42A and opens No. 42B. Demand for still lower 
voltage will force the booster rheostat into the maximum 
buck position and if this is not sufficient to reduce the 
fload on the converter to a proper value, the station 
d-c. undervoltage relay, No. 80A, will function to dis- 
connect the machine from the bus. "The converter 
will continue to run, in readiness to again assume load 
as soon as voltage conditions permit. 

When the bus voltage rises above the setting of 
undervoltage relay, No. 80A, this relay will function to 
connect again the converter to the bus. The current 
regulating relays which have control until the bus 
voltage is normal, function to run the booster rheostat 
to the maximum boost position. At this point 
tap switch No. 42B will be closed and No. 42A opened. 
Simultaneously the auxiliary commutating field on 
the converter is reversed to again compensate the 
converter for the booster change, this time from boost 
to buck rather than from buck to boost which, it will be 
noted, is the reverse of the condition when “tapping 
down." Further decrease of converter load or increase 
of bus voltage will cause the tap changing equipment to 
“tap up” until the highest tap is reached, each tap 
change following the sequence outlined above. When 
the highest tap is reached, the converter is regulated to 
hold proper voltage or current in accordance with the 
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indications of the voltage and current regulating relays. 
PROTECTIVE FEATURES 


The size and importance of this converter unit war- 
rant extensive protective equipment and an endeavor 
has been made to protect against all operating con- 
tingencies, such as starting on single or reversed phase; 
starting with low a-c. voltage; incorrect brush position; 
incompleted starting sequence; failure of the converter 
shunt or booster field; d-c. reverse current; overheated 
bearings; overheated load limiting resistors; com- 
mutator flashover or grounded windings; overspeed; 
a-c. power failure; a-c. overload; incorrect polarity; 
overheated d-c. windings; excessive load unbalance; 
and overheated booster and transformer windings. 


CONCLUSION 


This equipment has now been operating fully auto- 
matic for somewhat over a year and its operation has 
been very successful. 

There have been quite a few system disturbances 
with this equipment in service and in practically every 
case, the automatic control appeared to function 
correctly. In most cases, of course, there was no one 
at the station at the time of the trouble and the per- 
formance of the apparatus had to be determined from 
the chart records. However, during the disturbances 
when, by chance, men were at the station, many 
observations were made and a great deal of confidence 
gained. In one case, in particular, when the Keokuk 
transmission circuits were completely disabled by a 
tornado and the load thus released was suddenly 
thrown on the steam plants, this control gear operated 
admirably over a wide range of frequency and a-c. 
voltage and through severe d-c. load fluctuations until 
the system was again stabilized. At the time of the 
disastrous tornado of September 29th, 1927, none of 
the machines at St. Charles Street even dropped their 
load, although the a-c. system was subjected to many 
severe short circuits and grounds. 

With improvements being made rapidly in automatic 
control apparatus, it is felt that increasingly compli- 
cated operations will be controlled automatically and 
still greater reliability obtained in the future. 


The trend of electric truck construction is combining 
modern refinements with the sturdiness characteristic 
of electric truck manufacture since the beginning of the 
industry, according to a consensus of manufacturers. 

With users of electric trucks built 15 to 20 years ago 
predicting still another 5 years service for such vehicles, 
the length of the life of the electric truck as it is built 
today cannot be estimated even by the manufacturers. 
In addition to being built for a long life of service, the 
modern electric is designed to suit the demand for such 
local delivery service as required by bakers, dairies, 
laundries, department stores, and other concerns having 
frequent stop delivery service. Its dependability, 
quick pick-up ability, and its inherent cleanliness make 
the electric particularly well suited for such service. 


The Effect of Humidity on the Dry Flashover 
Potential of Pin-Type Insulators 


BY J. T. LITTLETON, JR.* 


Associate, A. I. E. E. 


Synopsis.— This paper shows that humidity affects considerably 
the flashover voltages of porcelain and PYREX insulators. The 
flashover potential rises as the humidity is increased. The tests 


INTRODUCTION 


T is probably generally recognized that the humidity 
or water content of the atmosphere has some effect 
on the flashover potential of insulators. The 

A. I. E. E. specifications for testing insulators! state 
that relative humidity measurements should be taken 
at the time of the test and recorded as part of the data. 
No correction factor for this condition has been worked 
out, however, and little seems to be known as to the 
quantitative effect of humidity changes. It seems to 
be a general belief that an increase in humidity leads 
to a decrease in flashover. Peek? has stated that 
humidity does not affect the flashover potential of 
sphere-gaps. Schwaiger’ has given data on porcelain 
and glass rods in uniform tangential fields, showing a 
lowering of flashover potential with increase of 
humidity, and curves showing an increase in flashover 
potential on large insulators and constant flashover 
potential on small insulators with increase of humidity. 
Accordingly, it seemed worth while to determine the 
quantitative relationship between humidity and flash- 
over potential on different types of insulators and 
insulators made of different materials, and, if possible, 
to work out a correction for this condition. 

While the work on this problem has not been com- 
pleted, inasmuch as no correction factor has been 
completed, it is believed that the measurements 
obtained are of sufficient value and interest to justify 
their presentation. 


EXPERIMENTS 


The electrieal equipment consisted of a 150-kv-a., 
center-grounded, 60-cycle transformer with maximum 
voltage of 300 kv..controlled by an induction regulator. 
Flashover voltages were measured in either of two 
ways; (1) by a voltmeter previously calibrated with a 
sphere-gap, or (2), directly by the sphere-gap in parallel 
with the insulator with suitable high resistances on 
each side of the gap to prevent errors due to oscilla- 
tions from the insulator under test. 

The insulators were mounted and the tests conducted 
as nearly as possible according to the A. I. E. E. speci- 
fications for testing insulators.‘ The tests were made 
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and 


were made on pin-type insulators and on rods. The results show 
that this rising characteristic ts a surface effect which varies with the 
absolute water content of the surrounding atmosphere. 


in a wooden box 6 ft. square and 5 ft. high with a 
hinged cover, all lined with waterproof paper. These 
dimensions gave less than the standard clearance for 
the insulator mounting so that in this respect the tests 
were not made according to the standard specifications. 
This condition did not noticeably affect the results, as 
measurements made in the box agreed with those taken 
in the room for comparison. The iron pipe holding: the 
insulator pin ran diagonally through the box and pro- 
jected through the walls so that the one lead was 
connected to it on the outside. The other lead to the 
half-inch brass rod tied in the line groove was insulated 
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1--PYREX INSULATORS USED IN TESTS 
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2—PorRcELAIN INSULATORS TESTED 


from the chamber wall by a large bell shaped PYREX* 
insulator. 

The humidity in the test chamber was controlled by 
the introduction of dry steam circulated throughout the 
box by a fan. Because of small leaks it was found 
necessary to introduce steam continuously in order to 
maintain a given humidity. Humidity measurements 
were made by means of a dry and wet bulb hygrometer 
suspended in the current of air from the fan, just inside 
a window through which the readings were taken. 
These results were converted to absolute humidity by 
means of the data given in the Psychrometric and 
Smithsonian tables.5 

The experimental procedure was as follows; the 
insulator was mounted on the pin in the test chamber 
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and a standard dry flashover test made with the natural 
humidity of the atmosphere. Steam was then intro- 
duced in the chamber and the humidity thereby in- 
creased and maintained at a constant value for 15 min. 
A second flashover test was then made and the cycle 
repeated. If it were desired to decrease the humidity 
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Fic. 3-—VARIATION OF FLASHOVER POTENTIAL WITH HUMIDITY, 


on PYREX INSULATORS 
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Fic. 4—VaniaTION OF FLASHOVER POTENTIAL WITH HUMIDITY, 


ON PORCELAIN INSULATORS 


after it had reached a point near saturation the cover of 
the box was raised and fresh air admitted. So far as 
possible, a given series of tests was made at a constant 
temperature, but on account of the steam used in the 
test, the temperature slowly increased, in an extreme 
case changing by as much as 4.5 deg. cent. However, 
temperature and pressure as well as relative humidity 


were recorded for each test and a correction applied to | 
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reduce the values to those for 25 deg. cent. and 760- 
mm. pressure.’ 

Measurements were made upon different types of 
PYREX pin-type insulators (see Fig. 1) and upon porce- 
lain pin-type insulators, (Fig. 2), varying from 16- to 
44-kv. rating. Tests were also made on the effect of 
humidity on the flashover potentials between No. 6 
copper wire electrodes wrapped around PYREX rods of 
various diameters, and at various spacings. In addi- 
tion, in order to determine whether or not the phenome- 
non was merely due to the humidity effect on the 
electrodes, measurements were made on the flashover 
potentials between a one-inch steel bar bent in the 
shape of a hook, and a loop of No. 8 copper wire, as well 
as between two loops of No. 6 copper wire. 


RESULTS 
Figs. 3 and 4 show the results of a series of tests on 
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Fic. 5—VARIATION OF FLASHOVER POTENTIAL WITH HUMIDITY, 


on PYREX Rop, 0.9 IN. In DIAMETER 


the different PYREX insulators and porcelain insulators, 
respectively. In every case there was a marked in- 
crease in the flashover potential when the humidity was 
increased. These curves do not show the maximum 
variations that have been observed, as considerably 
greater variations are possible when the experiments 
are made at a higher temperature, the maximum possi- 
ble water vapor content in that case being much greater. 
In general it was found possible to increase the flashover 
potential of both PYREX insulators and porcelain insu- 
lators about 30 per cent over the value at a low 
humidity. 

The results of some of the experiments on PYREX 
rods are shown graphically in Fig. 5 and again, increased 
humidity caused increased flashover potential. The 
results shown were obtained with a rod 0.9 in. in diam- 
eter and with the spacings between the electrodes as 
indicated on the graphs. 

Fig. 6 shows the results of the measurements on the 
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flashover potentials between the loop of No. 8 copper 
wire and the one-inch steel rod bent in the form of a 
hook and between the two loops of No. 6 wire. Inthe 
first case, they were spaced so as to give a flashover 
potential about the same as that of a 44-kv. insulator; 
and in the case of the loops of No. 6 wire, the spacing 
was the same as when they were wrapped around a 
PYREX rod. From the slopes of these curves, it is quite 
evident that the humidity effect on the flashover poten- 
tial of an insulator and of a PYREX rod cannot be 
attributed to any effect on the electrodes. 


DISCUSSION AND CONCLUSIONS 
As mentioned above, the curves show humidity values 


expressed in absolute units, since such units bring the: 


measurements taken under different temperature and 
pressure conditions more nearly in agreement with 
each other than do those of relative humidity. 
Schwaiger’ shows data plotted on a relative humidity 
basis which also come out as a straight line relation if 
temperature and pressure are kept constant, but in 
order to correlate data made at different temperatures, 
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Above, two loops of No. 6 copper wire, 14 in. apart. 
Below, a 1-in. steel loop and a No. 8 copper wire, 13 in. apart 


or to work out a correction factor, it is necessary to use 
absolute humidities. In addition he shows that in the 
neighborhood of 100 per cent relative humidity the 
flashover potential falls very rapidly, this effect begin- 
ning at even 80 per cent humidity on certain insulators. 
This decrease in flashover potential was noted in our 
experiments at humidities above 90 per cent, but it is 
believed that this was due to condensation on the insulator 
surface, which could be avoided by having the insulator 
at the proper temperature. Schwaiger’s results indi- 
cate no humidity effect on flashover potential with an 
insulator of approximately the same dry flashover 
potential as the PYREX insulator No. 161 and the 16-kv. 
porcelain insulator. Our observations made on the 
latter insulators indicate a very definite effect and one 
which is also of considerable magnitude. Weicher?investi- 
gated the effect of humidity on the flashover potential 
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between points and 2-cm. spheres so spaced as to give a 
flashover potential approximately the same as indicated 
in Fig. 6, and found that the flashover potential increased 
with increasing relative humidity. This does not 
agree with our observations on the flashover potentials 
between the two loops of copper wire and between the 
copper wire and the pin in which no humidity effect was 
observed. 

The question as to whether the curves shown in 
Figs. 3 and 4, which were obtained under more or less 
artificial conditions, actually represent the phenomena 
when observed under standard conditions, is perhaps 
best answered by a reference to the point A on the 
curve in Fig. 3 for the 40-kv. PYREX insulator. This 
point was obtained from the average dry flashover 
values of five 40-kv. insulators of the same type as used 
in this test. The tests on the five insulators were made 
in the standard way outside the test box under low, 
absolute humidity conditions some months previous to 
the time when the other results shown were obtained. 
When correction is made for temperature and pressure, 
however, this value shows good agreement with the 
other results obtained in the special test box. As a 
further proof of this, the points marked P on the curves 
represent measurements taken under natural humidity 
conditions at Purdue University Electrical Engineering 
Laboratory. 

It is not proposed to advance at this time any theoret- 
ical explanation of the results obtained, as the data at 
hand are not sufficient to warrant the development of 
any very definite theory. The results given on the 
accompanying graphs show that the effect is a surface 
one which varies with the absolute water content of 
the surrounding atmosphere. Since this is true, it 
is not surprising that the results are similar for both 
PYREX insulators and porcelain insulators, asin both cases 
thesurface is of glass. It is perhaps worthy of note 
that the slopes for porcelain insulators are slightly 
steeper than those for PYREX insulators having approxi- 
mately the same flashover potential. 'This may be 
accounted for by the high chemical resistivity surface 
of PYREX insulators. 

Regardless of the cause of the phenomenon, 
experiments have shown that humidity has a marked 
effect on the dry flashover potentials of pin-type insu- 
lators. It is further apparent that the large change 
occasioned by humidity has a direct effect on the rating 
of an insulator. Extrapolation from the curve. to- 
gether with temperature and pressure corrections, 
shows that a No. 441 PYREX insulator at 760-mm. pres- 
sure and 35 deg. cent. temperature would flash over at 
128 kv. with a 10 per cent relative humidity and at 193 
kv. with a 90 per cent relative humidity. 

Moreover, the apparent straight line relation be- 
tween flashover potential and absolute humidity makes 
it possible to adopt a correction factor for the humidity 
effect on a given insulator, and to catalogue the dry 
flashover potential at a standard humidity as well as at 
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a standard temperature and pressure. Until a satis- 
factory theoretical correction factor or formula has been 
determined so that humidity corrections can thereby 
be made it is believed that curves such as those given 


should be used as a measure of the standard dry flash- - 


over value of an insulator rather than a measurement 
at one known humidity. 
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Welding and Manufacturing of Large Electrical 
Apparatus 
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Synopsis.—The object of this paper is to show how extensively 
electric welding is being used in the fabrication of large electrical 
apparatus. It outlines the use and advantages of welding for 


HE steps required in producing an electrical 
machine of iron or steel castings consist chiefly of 
engineering, drafting, making patterns and cast- 

ings, machining, assembling, and finally, filling and 
painting. 

The tendency of the present day, however, is to 
produce machines, particularly the larger electrical 
machinery, of welded steel plates. It is possible now by 
‘following the new modern process of fabricating a 
machine practically to eliminate the pattern shop as 
well as the foundry. 

Welding passed beyond the experimental stage 
several years ago. Previously, it was principally used 
for repair work. Automatic welding equipment has 
recently been developed, which guarantees a much 
better weld, thus greatly reducing the possibility of 
personal error present in hand welding and insuring 
uniformity throughout the length of the weld. Con- 
siderable time and money is saved by resorting to 
automatic welding wherever possible, as it is more 
rapid than hand welding and there is no loss of welding 
wire as in the case in hand welding. 

A drafting department can quickly produce simpli- 
fied drawings calling for steel plates to be cut by flame, 
some of which are easily rolled circular, and then mostly 
automatically welded together, thus producing a stator 
or rotor. 


By making these large structures of fabricated plates, 
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supplanting the casting and machinery of parts and describes 
briefly the welding equipment developed for this purpose and some 
of the electrical machines produced by this method. 


no expensive patterns are required. Valuable pattern 
storage space, which had to be increased as time went 
by is thereby released and can be used for other manu- 
facturing purposes. Foundry space is reduced and the 
substitution of welded forms for castings results in a 
great saving of time and eliminates the possibility of a 
defective casting due to cores shifting, blow holes, cold 
shots, and pouring gates, which require time to burnand 
machine off. 

The work of the machine shop is reduced to a mini- 
mum, as the plates arc-welded together have approxi- 
mately the finished dimensions, while in a casting there 
is of necessity a great amount of excess metal which is 
never twice alike and which requires excessive 
machining. 

The first use of welding in a-c. machine construction 
was spot welding the armature-core air-duct spacers 
to the laminations instead of riveting them on. The 
next development was the adoption about 11 years ago 
of welded clamping flanges for holding the stator 
laminations. These flanges consist of sheared-off steel 
fingers arc-welded to steel retaining plates. About 
this time, arc-welded air deflectors made of sheet iron 
and angle iron were introduced. 

In 1924, the General Electric Co. designed and built a 
1400-kv-a. machine having the stator frame of welded 
steel plates. This stator consisted of two side plates 
having the supporting feet as part of the plate. The 
outside wrapper plate, foot plates, and ribs for retaining 
stator punchings, were then hand-welded in place. 
It was lighter than a similar cast machine, and deflec- 


Mar. 1928 


tion tests proved it to be much stronger. The chance 
of breakage due to handling while in the course of 
manufacture, or to short circuits after being installed, 
was greatly reduced. During the three intervening 
years, practically all stator frames of our machines 
have been changed over to this new form of construction. 

When the steel plate frame is ready for painting it is 


1—SratTor-FRAME AUTOMATIC WELDER FOR FRAMES UP 
TO 14 Fr. DIAMETER 


Fic. 


of nice appearance, as any scale attached to the plates 
has been removed by sand blasting. No filler being 
required, the surface is quickly finished with a paint gun. 

These years of experience have justified the making 
of are welded steel-plate machines as large as 40 ft. in 


2—STATOR-FRAME AUTOMATIC WELDER FOR FRAMES 
EXcEEDING 14 Fr. DIAMETER 
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diameter for slow speed, and as high as 10 ft. for high 
speed, and up to the present writing, of capacity up to 
100,000 kv-a. 

Very extensive tests have been made on samples of 
plates welded together with single-, double- and triple- 
layer welding,—both hand and automatic,—so that 
there is no question about the sort of welding to use for 
any particular design. 

Wherever possible, on vertical or horizontal stators, 
rotors, bearing brackets, etc., hand welding has been 
superseded by automatic welding. On large diameter 
stators two or more circular plates made of segments, 
when in the same plane, are welded together by a semi- 
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automatic hydrogen-enveloped arc. This results in a 
ductile weld that is easy to machine or grind and will not 
break if accidently stressed by being dropped in 
handling. 

For general work, three principalt ypes of automatic 
welding machines have been developed. On the first 
type of welding machine, the welding heads are station- 
ary and the piece to be welded is rotated past the heads. 
It is, however, only practical to rotate the work up toa 
certain diameter (see Fig. 1). With the second type 
of automatic welding, used for larger diameters, the 


Fic. 3—Srator with Puncuinecs For 50,000-Kv-a. 


SYNCHRONOUS CONDENSER 


radial arms of the automatic welding machine are 
made to rotate by a motor drive, Fig. 2. The 
third type of automatic welding is a straight-line 
welder in which the work is stationary and the welding 
head is moved. 

The large automatic welding machines shown in Figs. 
1 and 2 weld from 6 to 8 ft. per minute. The current 


4—A WELDED ROTATING STATOR FRAME FOR SUPER- 
SYNCHRONOUS MOTOR 
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used is between 300 and 400 amperes at 20 to 30 volts, 
depending on the gap between the pieces to be welded. 
Direct current is used. 

The semi-automatic hydrogen-enveloped welding 
uses approximately 250 amperes at 40 to 60 volts, as it 
requires a higher voltage to maintain the arc. 
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The welding rod, or reel, on the automatic machines 
is of G. E. Type-B shielded wire, which consists of a 
steel core and outer steel layer between which is the 
flux. A high speed of welding is possible with this wire. 
“SA large horizontal stator of 50,000 kv-a. is shown, 
Fig. 3. You will note the supporting feet are cut out as 
part of the side plates and welded to a heavy plate which 
is drilled for the holding down and adjusting bolts. 
The stator is split horizontally to aid in shipping, the 


Fic. 5—WELpDED Beam Base ron 2500-Kv-a. SYNCHRONOUS 


CONDENSER 


two halves being held together by bolts and dowels 
inserted in the rectangular blocks, which were com- 
pleted as a unit before welding in the stator. As a 
result of arc welding, we have produced large stator 
frames in 90 deg., 120 deg. and 180 deg., sections that 


Fig. 6—VERTICAL WATER-WHEEL DRIVEN GENERATOR 


PRACTICALLY ENTIRELY WELDED 


require no setting up on expensive iron floors for 
machining or dowelling at the splits, as this operation 
is entirely eliminated. The ventilating air openings 
are located in the circular outer apron, or wrapper 
sheet, and are covered with punched metal covers. The 
laminations are mounted on the welded ribs and 
clamped tightly together by welded non-magnetic 
steel clamping flanges. 

A rotating stator frame for a G. E. super-synchronous 
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motor built up of arc welded rolled plates is shown in 
Fig. 4. 

The next step in the elimination of castings on the 
horizontal machine was to replace the cast iron base 


Fic. 7—WELDED ROTOR SPIDER For 19,700-Kv-a., REV. PER 


MIN. GENERATOR 


with one of welded beams. (See Fig. 5). This design 
has been developed and built for machines up to 50,000 
kv-a. 

Fig. 6 shows a medium sized vertical alternator, the 
mechanical parts of which are almost entirely of welded 
construction. The stator frame is similar in construc- 
tion to the horizontal stator previously described, 


Fig. 


8—WELDED AIr DEFLECTOR 


except that the bottom plate is of larger diameter, to 
permit of fastening to the foundation plates. A heavy 
rolled ring is welded to the top of the outside wrapper 
plate for supporting the top bearing bracket. 

A structural steel welded upper bearing bracket con- 
sisting of two rolled I-beam girders between which is 
bolted a welded housing carries the upper guide bearing 
and supports the thrust bearing which carries the weight 
of the rotor, waterwheel runner and thrust. The ends 
of these girders are cut off to a rather large radius and a 
steel plate is rolled to this radius and welded to the web 
of the beam. This construction does not appreciably 
affect the strength of the beam and gives the structure 
a more pleasing appearance. "The platform around the 
exciter is made of plates, welded together, and the exciter, 
itself, has a frame made of a steel slab rolled to shape. 
Where the load on the upper bearing bracket is so large 
that rolled steel beams of sufficient size cannot be 
obtained, these brackets are made up by plates welded 
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together. We have recently finished two such fabri- 
cated beams similar in section to the rolled I-beam 
which are 3015 ft. long and 6 ft. high. The flanges and 
webs are welded together. throughout their entire 
length. Between these beams is carried a welded 
thrust bearing housing designed to support a load of 
350 tons. 

A large number of cast rotor spiders have been 
replaced by various designs of welded plate construc- 
tion. On the smaller spiders the hub is cut from thick 
steel plate or made from casting stock, to which is 
welded a center web-cut out of heavy rolled plate. 
The rotor rim is steel plate rolled to the proper diameter 
and welded to the center web. This outside rim may 
be either a single plate with a butt welded joint or 
made of two rolled plates having the joints staggered 
and welded together completely around the outer 
edges. Since the rim plate is welded to both sides of 
the web plate around the complete periphery, the 
welded joint of the rim does not have to take the entire 
load of the centrifugal force of the poles. 

For the larger class of rotors a welded-plate spider is 
used to support a rim built up of thin laminations. 
Such a design for a 19,700-kv-a. generator is shown in 
Fig. 7. The center spider consists of circular plates 
for the top and bottom members which are welded to 
a center hub. Plates are spaced around the outer 
periphery of the plates which serve as a backing sup- 
port for the rim laminations and are slotted for keys 
which transmit the torque from the shaft to the rim. 
Bolted to the bottom circular plate are segments of 
heavy plate which act as a braking surface and in 
addition support the weight of the rim. "This type of 
design has been quite generally adopted as standard 
for the larger slow-speed vertical generators. 

Welded structural-steel bearing brackets for support- 
ing the lower guide bearing have been standard on 
large diameter vertical machines since about 1922. 
Ordinarily, these brackets are built of rolled shapes 
fabricated by flame cutting and welding. Mounted on 
the lower bracket are combined brakes and jacks which 
are also fabricated of parts welded together. 

The original cast iron enclosing shields for positive 
ventilation on horizontal machines have been replaced 
by a combination welded and riveted sheet iron shield. 
Fig. 8. clearly shows the method of obtaining a large 
radius to the shields which is pleasing to the eye and 
seems so necessary when castings were used. An open- 
type spot-welded shield has been standard for a good 
many years. 

The development of the art of welding and flame 
cutting has marked a new era in the design of electrical 
machines, particularly those which are either very 
large or special. The advantages of obtaining a struc- 
ture which is homogeneous, free from possible casting 
defects, long and costly machining, and which lends 
itself so admirably to changes in design without any 
more expense than the change of a drawing, are, in the 
writer's opinion, so great that they cannot be ignored. 
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INCREASED USE OF ELECTRICITY IN 
SWEDEN | 


The use of electric current in different industries and 
for household purposes is constantly increasing in 
Sweden. Extensions have already been made at some 
of the power stations, and preparations are being made 
according to Commerce Reports for further extensions 
to meet the increased demand. | 

The power station at Porjus in the far north of 
Sweden supplies the current for the iron-ore mining, 
the electric railway line, generally called the “Ore 
Line,” from Lulea on the Baltic to the Norwegian port 
of Narvik, and also, recently, for the households in the 
city of Kiruna. Increased mining activity has neces- 
sitated extensions at this station, and a new 10,000- 
kilowatt generating unit (the seventh at Porjus) is at 
present being installed. 

It is important that the Baltic coast north of Stock- 
holm, with its extensive lumber and pulp industry, 
obtain cheap electricity, partly for the benefit of the 
existing plants and partly to make extensions possible 
in order to lessen the unemployment. There are a 
number of power stations in this district, the largest of 
which, the Norrfors station, produces 100,000,000 kw- 
hr. per year, and others are under construction; current 
is also obtained from the Porjus power station, but 
the supply available from this source is limited. It has, 
therefore, been proposed in the Riksdag that a high- 
voltage cable of 70,000 volts be constructed from Porjus. 

The power stations at Trollhattan, Alvkarleby, Mo- 
tala, and Vasteras, generally called the Central Block, 
supply the current for central and southern Sweden, 
including the electric railroad between Stockholm and 
Goteborg. The total output of electric current by the 
Central Block during 1927 was estimated at 
1,240,000,000 kilowatt-hours, but consumption is stead- 
ily increasing, and different ways of meeting the in- 
creased demand are being considered. Investigations 
are being made of the possibilities of regulating the flow 
of water from Lake Vattern past Motala and from 
Lake Vanern past Trollhattan. 


A regulation of the Dal River (Dalalven), which 
supplies the hydraulie power at Alvkarleo, is being 
carried out and when completed will be of advantage to 
the power station. 

The waterpower administration has requested a 
government appropriation of 2,000,000 crowns for the 
budget year 1928-29, and it is stated that the major 
part of this fund will be used for an extension of the 
steam electric plant at Vasteras, which acts as a reserve 
and peak station for the entire government power sys- 
tem in central and southern Sweden. 


Attempts are also being made to arrive at a system 
of cooperation between the government stations and 
the private ones, and the waterpower administration is 
at present negotiating for this purpose with the Lan- 
forsen power station, the capital stock of which is 
controlled by the city of Stockholm. 


Saturation Permeameter 
BY S. L. GOKHALE 
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Synopsis.—T he saturation permeameter is a device for speedy and 
accurate measurement of saturation value of magnetic material; 
that is, for measurement of the limiting value of intrinsic induction 
(B) characteristic of that material. The permeameter in its present 
form is of the well-known bar-yoke type, with a magnetizing coil ca- 
pable of producing a magnetizing force of H = 4500 g. without 
excessive heating. The permeameter is equipped with a compensating 
. coil whose function is to compensale automatically for the spatial 
fluz enclosed by the potential coil, so that the ballistic deflections 
indicate the saturation value without further computation or 


HE following symbols are used in this paper 
with the corresponding unit stated in 
brackets: 

Total induction or flux density (gauss). 
Intrinsic induction (B — H) (gauss). 
Magnetizing force (gilbert per em.; briefly g.). 
Spatial induction (gauss). 

Interlinkage (Maxwell). 
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Fig. 1—SATURATION PERMEAMETER 


Magnetizing current (ampere). 

Saturation value; i. e., limiting value of £8. 

Cross-section of space enclosed by potential coil. 

Cross-section of material under magnetic test. 

Number of turns of potential coil. 

mutual inductance of the compensating inductor. 

H-factor of the permeameter. 

Saturation point; i. e., the value of H at which 8 
reaches the constant value S. 

Ms Intrinsic permeability, (B — H)/H, or p— 1. 
The symbol H is ambiguous, but the ambiguity 

causes no inconvenience and is therefore left 

uncorrected. 
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correction. The permeameter is available for accurate measurement 
of saturation value of such material as is saturated well within the 
working range of the permeameter, i. e., with a magnetizing force of 
H = 8000 g., or less, which includes all magnetic material used for 
electrical engineering purposes except those for permanent magnets 
and cobalt. The saturation permeameter is also available for approzi- 
mately correct measurement of B or B, for range of H below the 
saturation point as far down as H = 200 g. In speed of testing 
and accuracy of the measured saturation value, this permeameter sur- 
passes all devices for saturation measurement developed heretofore. 


METHOD OF TEST 


For scheme of wiring see Fig. 2. The compensating 
inductor which is à variable mutual inductor M, is 
adjusted to the required value approximately to start 
with, and exactly by trial as the test progresses. The 
permeameter is then treated like the ordinary bar-yoke 
permeameter, using magnetizing currentsranging from 5 
to 30 amperes. If the upper part of the magnetization 
curve thus obtained appears to be straight over a 
considerable range, after making a reasonable allowance 
for stray points, it is assumed that the sample is really 
saturated for that range. 'The compensator is then 
adjusted by trial until the deflection for the supposed 
saturation range appears to be strictly constant. The 
constant value of 8 thus indicated is accepted as the 
true saturation value. The lower part of the mag- 
netization curve is theoretically not reliable, but it has 


Fic. 2—WIRING DIAGRAM FOR DETERMINATION OF SATURATION 


This illustrates the compensation method. It is also the connection 
used in testing the range of reliability of the instrument 
P = Source of power, direct current 
R « Control rheostat 
A = Ammeter 
. «Magnetizing coll of saturation permeameter 
t = Potential coil for measurement of 8 
H' « Coll for measurement of H’ located in the space between the test 
sample and the inner surface of the magnetizing coil (not shown 
in this diagram; used for test in paragraph 5, Fig. 4) 
« Mutual inductor—variable for compensation 
P—Primary coil 
S—Secondary coil 
G =Galvanometer 


been observed that for magnetizing forces as low as 
H = 200g., the 8H curve by the saturation per- 
meameter is in very close agreement with the cor- 
responding part of that curve by the Bureau of 
Standards compensation method (Fig. 3). This value 
of magnetizing force (H = 200g.) is therefore ac- 
cepted as the lower limit of reliability of the saturation 
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permeameter, although in some cases the agreement 
may reach down to lower magnetizing forces (Fig. 6). 
DETERMINATION OF H-FACTOR 

The function of the compensating inductor is to 
compensate for the spatial flux enclosed by the potential 
coil of the permeameter. When the compensation is 
exact, as shown by the constancy of the indicated value 
of 8, the interlinkage of the secondary coil of the in- 
ductor must be equal to the spatial interlinkage of the 


permeameter. Expressed analytically, we have the 
equation 
As = Àc 
or, HnA = M,I/10 
where X, is the spatial interlinkage of the potential coil 
of the permeameter, 
^. is the interlinkage of the secondary coil of the 
compensator. 
Then, the H-factor of the permeameter is 
H/I =M./10nA 
200002 diti 160 — 200 240 
HIE 
19000 Fitrmeameter 
i CORT eee 
-H-NE 


Fic. 3—Curves or 24% Per Cent SILICON-STEEL SHEET 


Tests on sample No. D-7. 8 H curve and 8 uy; curve are shown. The 
numbers on the 8 # curve indicate values of H 


CONDITIONS OF RELIABILITY; BASIC ASSUMPTIONS 


When the compensation is exact, as indicated by the 
constancy of the observed ballistic deflection, the inter- 
linkage under measurement is constant; hence we have 
the equation 

8na--HnA-— M I/10 = X, = constant 
where À, is the value of the total interlinkage measured, 

8 n a, interlinkage of intrinsic flux, 

H n A, interlinkage of spatial flux, 

M I/10, interlinkage of compensating inductor. 

By differentiation with relation to I, we get 


d8 dH dH 
a. Gn -ar+"4-ar 


d/d H = (M/10 — n A . d H/d )/(na . d H/d I) 

Assumption I. Assuming that the H-factor of the 
permeameter is constant for the range under considera- 
tion, we have the equation 


H/I =C 
dH/dI=C 


— M/10 = 0. 
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Substituting this value in the above equation, we get 
d8/d H = (M/10—7nAC)/naC 
= constant 


Assumption II. At this point, a further assumption 
is made, viz., that if d 8/d H is constant, the value of 
the constant is zero. Graphically, it is assumed, that 
if any extensive part of the 8 H curve be straight, it is 
at the same time also parallel to the axis of H. In 
other words, it is assumed that no large part of the 
B H curve is straight without being parallel to the axis 
of H. With this assumption, the above equation is 
reduced to the two equations, 


d8/d H = 0;andn A C = M/10. 
From the first equation we get 
B = constant 
= S; (saturation value) 
From the second equation we get 
H-factor = C = M/10nA 


The reliability of these two measurements depends 
upon the validity of the assumptions (1) constancy of 
the H-factor for the required test range; and (2) ab- 
sence of straightness of the 8 H curve except when 
saturation is reached. 

The constancy of the interlinkage by itself does not 
carry with it unconditionally the assurance of satura- 
tion, or the accuracy of the measurement of S, or of 
the H-factor. The equation 

d8/d H =(M/10—nA.dH/dI)/nma.dH/df) 
might hold true when neither d H/d I nor d 8/d H are 
constant, because it may be that the variations in 
B due to changes in H might be balanced by changes in 
H due to variations of H-factor. It can be shown, 
however, that in the case of the saturation permeameter 
under discussion, the constancy of the observed de- 
flection is not brought about by balanced variations 
of this kind. Space limitations prevent the discussion 
of the proof of this point. 

Validity of Assumption I. There has been no 
method discovered for direct measurement of H at a 
point in the test sample, and not even for indirect 
measurement, except under certain favorable conditions 
which are not present in this case. But the value of 
H at a point inside of the magnetizing coil and in close 
proximity to the sample can be easily measured by 
ballistic determination of spatial flux near that point. 
(For test data see Fig. 4.) A study of the curves 
shows that the H-factor for the proximate space is 
practically constant, the deviation from constancy 
(A 0/0) being undetectable for I = 5to20 amperes 
and less than one part in 1000 for the range I = 3 to 
29 amperes. On the basis of this observation it seems 
reasonable to assume that the H-factor in the body of 
the sample is also constant within the same limits, 
because the causes that tend to produce deviation in 
the one case are also the only possible causes operative 
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in the other case. It is therefore assumed that in the 
case of this saturation permeameter, the H-factor is 
strictly constant for values of I between the limits 
5 to 20 amperes (H = 750 to 3000 g.) and almost con- 
stant for J = 3 to 29 amperes (H = 500 to 4000 g.). 
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DEFLECTION FOR H’ 


Fig. 4—H-Factor Curve AND PRECISION Limits 


Validity of Assumption II. The second assumption 
underlying the compensation method is, that no part 
of the 8 H curve is straight without being parallel to 
the axis of H at the same time. Stated analytically 
the assumption is that d 8/d H is not constant but 
varies with H, except when it (1. e., d 8/d H) becomes 
zero. The assumption is supported by numerous tests 
on magnetic material of various kinds, tested in 
the form of toroid rings to preclude uncertainty due to 
possibilities of error inherent in other methods of test. 
It was found in all these cases that the 8 H curve was not 
straight until the saturation point was reached, after 


\ tion Point: Curve 
asa Function of H 
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The curve is for A 8/A H as a function of H. Standard sheet-steel 
toroid rings used with compensation for spatial flux 


which point the curve was straight and parallel to the 
axis of H. In no case was a large part of the curve 
straight without being parallel to the axis of H.* In 
order to submit the matter to a more severe test, one 
toroid ring was tested by the differential test. (See 


2. Gokhale, Sept. 1926, p. 853, et. seq. 
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Fig. 5). In this case the value of A8/A H is not con- 
stant until it is reduced to zero. All reliable data thus 
far are in support of the Assumption II, and there are 
none to contradict it. 

Examples of apparent exceptions are given in para- 
graph on Form of intrinsic permeability curve (See 
Incidental Observations). 
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Fic. 6—8 H Curves FoR PERMALLOY Rop 


Experimental Evidence of Reliability. Fig. 6 repre- 
sents the 8 H curve for a sample of permalloy by the sat- 


. uration permeameter, this sample being selected for the 


reason that it can be saturated by a magnetizing force 
of H = 200 g., which permits its saturation value to 
be determined by the Bureau of Standards compensa- 
tion method, whose reliability has been accepted as 
indisputable. The close agreement of the two 8 H 
curves by the two methods constitutes a very persua- 
sive argument as to the reliability of the saturation 
permeameter. This experiment disproves the balanced 
compensation referred to in paragraph on Conditions of 
Reliability and confirms the validity of the two basic 
assumptions. Full discussion cannot be given in this 


paper. 
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Fic. 7—SATURATION OF PURE IRON 


Curve 1 was taken by the saturation permeameter; curve 2, by the Bureau 
of Standards isthmus permeameter. Curve 1 shows the absence of stray 
points by the saturation test 


Internal Compensation. For further simplification © 
of test procedure a small coil of sufficient interlinkage- 
coefficient, located in the proximate space, may be 
used in place of the compensating inductor. This 
method of compensation has the advantage of simplify- 
ing the test procedure, as the adjustment is made once 
for all and needs no further consideration. 
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INCIDENTAL OBSERVATIONS 
Absence of Stray Points. The saturation part of the 
6H curve by the method outlined herein is free of 
stray points. This is due to the fact that the ballistic 
deflections for this part are not dependent on the exact 


Fic. 8-1—8 u CurvE sy THE Lona-SoLENoID METHOD 


This is the method of B. O. Peirce, Academy of Arts and Science, (Vol. 
49-2, p. 139, Table 6) 
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Fic. 8-2—ß u Curve By Youre Istamus METHOD 
By Gumlich, Arch. f. Elec., Vol. II, p. 471 
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Fig. 8-3—f8p Curve BY Bureau or STANDARDS IsTHMUS 
PERMEAMETER 


By Cheney, Bureau of Standards. Paper No. 361, p. 633 


value of the magnetizing current; any error in reading 
the ammeter has therefore no effect on the deflection; 
all the observation points for this part of the curve 
fall on a straight line parallel to the axis of H. In this 


respect this method of test surpasses all other methods. 
(For comparison, see Fig. 7). 

Speed of Test. Since the accuracy of measurement 
of S does not depend on the accuracy of the ammeter, 
it is needless to waste time in accurate adjustment or 
reading of the current. The only reason for reading 
the ammeter at all is to assure that the observation 
points which should be sufficient in number and reason- 
ably well distributed are actually so: the operator is 
instructed to waste no time and effort over accuracy of 
reading of the ammeter; this contributes to speed of 
test. 

Freedom from Excessive Heating. The rapidity of 
test prevents excessive heating and thereby adds to the 
accuracy of the test. It is well known that variation of 
temperature constitutes one serious source of error 
in measurement of saturation value. 

Form of Intrinsic Permeability Curve. The form of 
the 8 u; curve obtained by the saturation permeameter 
(Fig. 3) possesses all the characteristic peculiarities 
of the curve, by the compensated toroid ring method 
described in the Law of Magnetization? The corre- 
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Fic. 9—SATURATION oF NICKEL-IRON ALLOY RING 
By INCREMENTAL METHOD 


sponding curves by other methods of test do not gener- 
ally possess that form which indicates the unreliability 
of those methods (see Fig. 8). In such cases only, the 
8 H curve is straight over a considerable range, with- 
out being at the same time parallel to the axis of H. 
These curves constitute the apparent exceptions to 
the Assumption II referred to in validity of Assumption I. 

Demonstration of Saturation. Incidentally, we have 
now am experimental evidence of the phenomenon of 
saturation by a large number of tests on toroid rings, 
and therefore free from any uncertainty inherent in 
any type of permeameter whose reliability is unproved. 
In one case (see Fig. 9), the ring was tested by the 
method ‘of increment which reduces the limit of ob- 
servation error to +2.5 gausses in 8. In this case the 
variation of the curve from straightness—if there be 
any variation at all—does not exceed one part in 
5000. This experiment therefore constitutes a con- 
vincing evidence of the phenomenon of saturation, 
and therefore also a confirmation of Weber's theory 
of molecular orientation. 

Limits to the Use of Saturation Permeameter. The 
theory of the saturation permeameter implies two 


3. A.L E. E., Trans. 1926, Vol. 45, p. 1023 and Disc. p. 1033, 
Figs. 4-0, 6-0. 
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limitations to its use. Firstly, the test sample must be 
capable of saturation well within the upper precision 
limit of the permeameter, viz, H = 4000g. (See 
Fig. 4.) For practical reasons H = 3000 is regarded 
as the upper limit. Magnetic material which does not 
reach saturation at this point, such as cobalt, cannot 
be successfully tested by this permeameter, for deter- 
mination of saturation value. Secondly, the saturation 
permeameter is not theoretically available for accurate 
test much below the lower precision limit, (viz., 
H = 750g. See Fig. 4). But it has been observed 
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in all cases that the curves obtained by this perme- 
ameter agree very closely with corresponding curves by 
the Bureau of Standards method, down to H = 200 g. 
(See Figs. 3 and 6.) This value of H is therefore 
considered as the lower limit of practical reliability. 


CONCLUSION 


From the preceding arguments, data, and curves, 
it follows that the saturation permeameter is speedier 
and more reliable than all other types of apparatus 
used until now for determination of saturation value. 


Abridgment of 
Synchronous Machines—IV 


BY R. E. DOHERTY* 


Member, A. I. E. E. 


Synopsis.—The special case of cylindrical rotor machine has 
been treated previously by Boucherot and others. The present paper 
solves the general case, including salient pole machines. The 
cylindrical rotor type thus becomes merely a limiting case. The 
principle assumption which distinguishes the present theory from the 
extensively studied cylindrical rotor theory is that the total armature 
self-inductance is here taken as variable with respect to rotor position, 
whereas the previous theory of short circuits, as represented by 
Boucherot, for instance, assumes this inductance to be constant— 
in other words. thal the air-gap is uniform. 

Expressions are derived for the short-circuit currents in the arma- 
ture and field, for voltage induced in the open phase, and for voltages 


HISTORICAL 


T the Annual Convention in June 1926 the authors 
A presented the first of a series of papers covering 
their investigations of the Synchronous Machines. 
Part I was an extension of fundamental theory; Part II, 
a treatment of torque-angle characteristics under steady 
state conditions; and Part III, presented at the 1927 
Winter Convention, a study of torque-angle character- 
istics under transient conditions. In the present paper, 
an analysis is made of single-phase short circuits. 
Certain special cases of short circuits have been 
treated previously. Following the early work by 
Steinmetz! and Berg, Boucherot? presented his classical 
paper in 1912, dealing with alternators of the laminated, 
cylindrical rotor type, with and without amortisseur 
winding. In 1915 Diamant‘ reviewed the work of 
Berg and Boucherot, and, among other mathematical 
extensions, gave expressions for the envelope of the 
short circuit current. In 1918 he presented an analysis 
of sustained short circuits, dealing principally with the 
nature of flux distribution under that condition. In 
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across external reactances in the armature and field circuits. Com- 
parison of calculated and test curves for these quantities are shown in 
Figs. 6 to 8, for a 7000-kv-a., 385-rev. per min., salient pole alterna- 
tor, and in Figs. 11 to 26 for a 20-hp., 1800-rev. per min. induction 
machine (cylindrical rotor). These show satisfactory agreement. 

The mathematical work and definitions are in Appendixes as 
follows: A. Summary of Equations. B. Armature Current. 
C. Field Current. D. Voltage Across External Reactance in 
Armature Circuit. E. Voltage Across the Open Phase. F. Voltage 
Across the Open Phase. G. Variation of Armature Inductance 
with Position. H. Decrement Factors. I. Reactances—Defi- 
nitions and Relations. 


the same year,” one of the authors proposed the use of 
the Constant Linkage Theorem in dealing with short 
circuits, and in 1921?^ and 1923% illustrated its use. 
Also in 1923 Franklin* applied this method to a large 
number of cases of single-phase and three-phase short 
circuits. Working from the same fundamental 
premises, Laffoon’ solved additional casesin 1924. The 
following year Karapetoff* analyzed, in the main, the 
same cases as those of Franklin and Laffoon; but he 
started from a somewhat different theoretical basis— 
1. e., from Kirchoff's Laws. But he, like Franklin and 
Laffoon, neglected resistance, which made the funda- 
mental premises the same—since the Constant Linkage 
Theorem is merely a corollary of Kirchoff’s Second Law, 
for the special case of negligible resistance. That is, 
his equations involved voltages instead of magnetic 
linkages, and were therefore the first derivatives of the 
corresponding equations in Franklin's work. Involving 
the same assumptions regarding the circuits, the results 
naturally also agreed. The thorough, mathematical 
treatments of cylindrical rotor machines both by 
Shimidzu and Ito? and by Biermanns, in which the 
effect of resistance is approximately taken into account, 
are especially noteworthy. All of the foregoing in- 
vestigations have dealt with cylindrical rotor machines; 
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and, granting the simplifying assumptions which have 
appeared to be practically necessary,—such as those 
made by Shimidzu and Ito, and Biermanns, relating to 
resistance and saturation—it may be said that a 
practical solution of short circuits for the cylindrical 
rotor type has been attained.f 


SCOPE 


These previous analyses, however, have not solved 
the important case of salient pole machines. The 
present paper treats of the general case, including both 
types. Proceeding from the same basic point of view 
from which the authors’ previous work on Synchronous 
Machines,?!9* has been developed, the present treat- 
ment takes up single-phase short circuits and partial 
short circuits—. e., with external reactance in the 
armature and field circuits—, developing expressions 


Fig. 13—SusTAINED ARMATURE CURRENT ON SINGLE-PHASE 


LINE-TO-LINE SHoRtT-Circuit 20-H P. MACHINE 


A—Calculated curve Equation:— 
B—Test curve i = 


0.818 sin ! 
3.98 + 3.56 cos 2t 


for armature current, field current, armature voltage 
across the open phases, voltage across reactance in the 
armature circuit, and the voltage across reactance in 
the field circuit. These expressions apply not only to 
salient pole machines, but also to the cylindrical rotor 
type, since, under the present theory, the latter type 
merely becomes a special case of the former. "Thus, the 
scope includes the development of expressions, appli- 
cable alike to salient poles and cylindrical rotors, for 
the voltage and current phenomena under single-phase 
short circuit. 

tAfter submitting the present manuscript, a copy of S. Bekku’s 
treatment of ''Sudden Short-Circuit of Alternator,” Bibliography 
12, has been received. This treats of the case of the cylindrical 
rotor machine with a three-phase winding on the rotor, each 
rotor circuit being closed either directly or through the 
«citer. He employs “Heaviside” in the mathematical work. 
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Although the single-phase phenomena of three-phase 
machines only are considered here, the theory is, of 
course, applicable also to two-phase machines. 


DISCUSSION OF THEORY 


The four basic concepts underlying the improvement 
in theory, both as applied here and in the authors’ 
previous work, are: (1) characterization of the machine 


SINGLE-PHASE 


14—SvustaineD ARMATURE CURRENT, 
LiNE-TO-LiNE SHORT CIRCUIT WITH Zp’ = zo’ 20-Hp. MACHINE 


Fic. 


by four reactance coefficients, two corresponding to the 
main pole axis—4. e., direct axis—, and two to the inter- 
polar axis—34. e., quadrature axis. These are; xp, xp’, 
Zo, Zq' (See Notation). Thus more or less aptly the 
theory has been referred to as the “Four Constant 
Theory." 

2. Resolution of flux and m. m. f. waves traveling 
with respect to the rotor into stationary, pulsating 
components in line with the direct and quadrature axes. 
The theory involves also, of course, the usual Blondel 
resolution of the stationary fundamental waves. 

8. That the variable component of armature in- 
ductance varies between the direct axis value and the 
quadrature axis value as a second harmonic function of 
the electrical space angle. This applies to all variable 
components of inductance which, with armature cur- 
rent of fundamental frequency, produce fundamental 
voltage. 

4. The complete use of a fractional system of nota- 
tion, thus expressing each quantity as a decimal fraction 
of some definite, convenient value, such as "normal" 
value. This is, of course, an outgrowth of the familiar 
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15—SusTaINED ARMATURE CURRENT SINGLE-PHASE LINE- 
> zog 20-Hp. MACHINE 


Fia. 
To-LINE SgpgonT CIRCUIT WITH Zp’ 


practise of expressing such quantities as a per cent of 
normal value, but the latter involves carrying along the 
“100” in calculations, which is both cumbersome and 
conducive to numerical error. Experience has estab- 
lished a very definite preference for the former—the 
only difference between them, of course, being the 
position of the decimal point. Thus with unity as 
the base, instead of “100”, it is proposed to denote the 
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former by ''per-unit" system, instead of ''percentage" 
system. 

The use of the '"per-unit" system has distinct ad- 
vantages. In the first place, the results are in forms 
which have a definite significance in giving at once an 
idea of relative values—for instance, a current of 0.5 
means 50 per cent of normal current. Another ad- 
vantage is that cumbersome conversion factors are thus 
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eliminated. For instance, as per-umit quantities, cur- 
rent is taken as numerically equal to the m. m. f. of 
armature reaction, and voltage at normal frequency, 
as numerically equal to the magnetic linkages which 
produce it, and in many cases, as noted below, reactance 
as numerically equal to inductance. 

The four basic concepts outlined in the foregoing 
paragraphs afford the basis for symmetrical, relatively 


Curve A 
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Curve P 
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16—TRANSIENT FIELD CURRENT, Maximum INITIAL ARAMATURE LINKAGES ON 


SINGLE-PHASE LINE-TO-LINE SHoRT-Circuit 20-Hp. MACHINE 


Equation: — 12.3 cos t 


I 


3.98 — 3.56 cos t 


9.97 
3.98 — 3.56 cos 2t 


3.08 


€ L0.4144 ————— 
3-08 — 3.56 cos 21 


Curve B 


Fio. 


19—TRANSIENT OPEN-PHASE VOLTAGE, 


MAXIMUM INITIAL ARMATURE LINKAGE ON 


SINGLE-PHASE LINE-TO-LINE SpgonT-CincviT 20-Hp. MACHINE 


A—Calculated curve 
B—Test curve 


Equation:— 


(3.56 — 3.98 cos 2 f) 


e 0054 
(3.08 — 3.56 cos 2 f) 


e = — 7.12 


(5.75 cos £ — 10.9 cos t sin? t) 
(3.98 — 3.56 cos 2 t)? 


1.78 cost — 3.36 cos t sin? t 


e 9:132 $ 


5.98 cos t sin? 2 t 
3.98 — 3.56 cos 2t (3.98 — 3.56 cos 2 t)? 
(19.3 cos t sin? 2 t) 


a 51i] 
(3.98 — 3.56 cos 21)? * 
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simple, and very interesting expressions for the voltage 
and currents under single-phase operation. In this 
way, it has been possible without undue mathematical 
complications to take into account the predominating 
factors of the problem, and thus to obtain a very satis- 
factory agreement between calculated and test results, 
as may be seen by reference to Fig. 16 and others which 
follow. 

These extensions, in theory, have required not only 
additional characteristic machine constants, (as already 
mentioned in a footnote), but, in order to avoid con- 
fusion and misunderstanding, they have made it also 
necessary to classify and morecarefully definethem. In 
the early days, a synchronous machine had a reactance; 
now it has many. Moreover, our ideas about some of 
the well established terms—for instance, armature 
leakage reactance, and field leakage reactance—have 
needed some revision. Asa rough illustration in con- 
nection with the general situation,—in running a poly- 
gonal boundary, an error in the length or bearing of 
one of the sides is not so apparent, unless it becomes 
necessary to ''close" the polygon.. The error is merely 
passed on the next side, letting the end whip about as 
occasion may require. In synchronous machines, it 
was formerly necessary to “run” only one or two sides; 
now, with the necessity of calculating practically all 
of the electrical characteristics, we must ''close the 
polygon." So, an orderly classification, a description, 
and a careful definition of terms is quite in order, as is 
also the presentation of methods of calculating some of 
these factors. The former is given in a companion 
paper by R. H. Park and B. L. Robertson; and the 
latter, by P. L. Alger. 


FUNDAMENTAL EQUATIONS 


The general plan of attack and the general considera- 
tions leading up to the fundamental equations will be 
discussed here, and the final equations will be derived 
in the Appendix. 

Superposition is used in obtaining the initial values of 
armature and field current. The plan is first to find a 
general expression for the magnetic linkages of the 
armature winding, due to any transient armature 
current, and with no field current, except that induced 
by the armature current; and then to determine the 
armature linkages due to any other current in the field 
winding, and superpose these to find the resultant value 
of armature linkages. Undershortcircuit, and neglect- 
ing resistance, the latter value of linkages must be 
equal to the known value existing at the instant of short 
circuit. These relations are sufficient to solve for the 
initial armature current i. 

The initial value of field current is obtained by adding 
the component induced by the armature winding, to the 
steady value existing the instant before short circuit. 

There are certain components of the initial current 
which are known to be transient. These, as a function 
of time, are obtained by multiplying the individual 
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transient components by the appropriate decrement 
factor. 

Of course the sustained values comprise those com- 
ponents which exist after the transients have dis- 
appeared, and thus are obtained by setting the transient 
terms equal to zero. 

The decrement factors are obtained by an approxi- 
mation. It seems to be well nigh hopeless, as a practical 
matter, to take into account rigorously the armature 
and field resistances, but it happens, fortunately, 
that it is possible to obtain results which are sufficiently 
accurate for any practical purpose, by making simplify- 
ing assumptions. 


RESULTS 


The foremost result is the method of analysis which 
makes possible, in a practical way, the calculation of 
transient phenomena in a synchronous machine regard- 
less of whether it is of the salient pole or the cylindrical 
rotor type. The equations thus derived have made it 
possible to calculate complicated transient character- 
istics which check, in the minutest details, with the 
oscillographic records of tests; and these equations have 
revealed a number of important and very interesting 
facts relating to the form of the current waves, the 
resulting possibility of relatively simple analysis 
of the waves, and the induced voltage in the open 
phase during single-phase short circuit. A summary of 
equation is given in Appendix A. 

Referring to the short-circuit current waves, the 
current is expressed as the sum of two harmonic series, 
one of odd, the other of even, harmonics; and the 
magnitudes of the harmonics in each series, in ascending 
order, are in geometric ratio. Thus, the single-phase 
short-circuit current of the armature is 


k es cos o 
t= —— [1 4-25 cos 2 (t + a) 
Vzp' x 
-- 25* cos A (t -- o) 4-2565cos 6 (t -- a) - ...] 
SES - [co (t -- a) + b cos 3 (t + a) 
——————— —— [eos a a 
ap! + V2p’ 


+ b? cos 5 dn ^ a) +b? eos 7 (t -- o) 4 ...] 
The geometric ratio b is given by 
Vta — Vip’ 
Vra + Vip’ 
where zg’ is the transient reactance in the quadrature 
axis, and zp’ the corresponding quantity in the direct 
axis; k = constant depending upon the phase which is 
short-circuited; e; = voltage before short circuit; 
a = angle at which short-circuit occurs; and t = time. 
For instance, a 7000-kv-a., 375-rev. per min., 25- 
cycle, 2200-volt salient pole machine of usual construc- 
tion has the following constants: zp’ = 0.4 xq’ = 1.0 
b = 0.23 
In this machine, the 8rd harmonic in the short-circuit 
current would be 23 per cent of the fundamental, the 
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5th, 23 per cent of the 3rd, the "th, 23 per cent of the 
5th, and so on. Likewise for the even harmonics. 

Asan extreme case, zp' = 0.21 zo’ = 3.776 = 0.618 

These constants apply to an actual induction machine 
with a coil wound secondary. The armature is three- 
phase, the rotor two-phase; the latter, in this particular 
case, being connected two phases in series with d-c. 
excitation. The machine is rated 20 hp., 1800 rev. per 
min., 60-cycle, 110 volts. For convenience, the 
per-unit quantities are based on 10-kv-a., three-phase, 
and 57.7 volts line to neutral. 

It is interesting to note that if b = 0, that is if 
Zp’ = XQ’, all harmonics disappear, and the current 
wave changes from the peaked wave in Fig. 13 to ap- 
proximately a sine wave, as in Fig. 14. 

Going a step further, zp’ can be made greater than 
Zq' by placing external inductance in the field winding 
which is excited—4. e., the direct axis winding. In this 
case the sign of the harmonics is reversed—. e., b be- 
comes negative—, thus giving a dip in the wave. This 
is shown in Fig. 15. 

So much for the results regarding short-circuit 
current. Turning now to the next major point in the 
results, the equations show that under single-phase 
short circuit the peak voltage across the open phase 
may be extremely high—many times normal in cylindri- 
cal laminated rotor machines without amortisseur 
winding. This voltage depends upon a very simple 
relation; namely, the ratio of xq’ to xp’. Thus, for 
a short circuit at a = 0, that is at maximum flux en- 
closure, or maximun flux linkages, the ratio of the 
voltage across the open phase after short circuit (initial 
value) to the peak voltage before short circuit is 


Lp’ 
po = (2 cem 1) sin 8 (14) 
tq 
where 8 is the angle between the axis of the short- 
circuited winding, and the axis of the open-circuited 
winding considered. 

Thus, as an extreme case, consider the 20 hp. machine. 
Here the short circuit was line-to-line, and the voltage 
recorded was across the open-phase line-to-neutral. 
Thus8 = 90deg. Theratio for maximum flux linkages 
(a = 0) therefore is, 


3.77 1 = 349 
0.01 ^ "^ 


p= 
Reference to Fig. 19 will show that this initial value of 
over 34 times the voltage before short circuit, was 
obtained. The transient, of course, reduced the value 
of the first peak to obtain 28 times the value existing 
before short circuit, which value is also shown on the 
calculated wave. 
Turning to the test on the 7000-kv-a. salient pole 
machine, the short circuit was line-to-line, and the 
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open-phase voltage recorded was also line-to-line. 
Thus 8 = 60 deg., and from (14) 

p = 8.46 fora = 0 
and p = 2.16 fora = 7/2 


These are limiting values. In the test, the short circuit 
occurred at a = 2.2 (1. e., about 125 deg.) and therefore 
the peak should fall between those indicated by the 
above values of p. Using a = 125 deg. (or, for con- 
venience, the corresponding value, 55 deg.) in the 
equation of Appendix F, the calculated wave Fig.7 
was obtained. The calculated first peak is 2.73 times 
the peak voltage before short circuit, and the cor- 
responding test value, 2.97. 


FEDERAL OPERATION PROPOSED FOR 
MUSCLE SHOALS 


Effort is being made to have resolution S. J. 46, 
which has been favorably reported by the Senate 
Committee on Agriculture and which provides for 
Government operation of the power plants at Muscle 
Shoals and the utilization of income to be derived from 
the sale of power for the manufacture of nitrates for 
fertilizer, passed. 

This resolution is somewhat the same as that intro- 
duced during the last session and is based upon the 
opinion that the manufacture of fertilizer by the 
cyanamid process, as contemplated in the equipment 
now available at Muscle Shoals, is not feasible from a 
commercial viewpoint. The theory is advanced that 
recent progress with the synthetic ammonia process 
makes it possible to manufacture nitrates by this 
latter process much cheaper than by the cyanamid 
process. Since the reporting of the measure, an amend- 
ment has been proposed to give Nitrate Plant No. 2 
at Muscle Shoals to the American Cyanamid Com- 
pany or the American Farm Bureau Federation on the 
condition that they agree to operate the plant at 
capacity for 50 years exclusively for the manufacture 
of fertilizer. Also, an amendment has been introduced 
proposing a considerable extension of a distribution 
system which might be operated by the Government 
should this measure be enacted into law. 


AIR SERVICE TO BE INSPECTED BY 
DISTRICTS 


To expedite inspection and the examination and 
licensing of aircraft and airmen, the United States has 
been divided into sixteen inspection districts, each of 
which will be in charge of an inspector of the Air 
Regulation Division, Department of Commerce. Head- 
quarters will be established in each district to help in 
the investigation of accidents as well as conduct the 
work referred to above. 
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Condenser-T ype Bushing 
Used With Synchronizing Equipment 


BY E. E. SPRACKLEN! 


Member, A. I. E. E. 


Synopsis.—T his paper describes apparatus recently developed 
for utilizing the charging current of a condenser bushing in operating 
a synchronoscope, thus making a simple and inexpensive method 
of synchronizing at high voltage. Data are given also covering the 


HE rapid advancement of superpower systems 
has increased the demand for a simple and 
economical high-voltage synchronizing device. 

In order to meet this demand, there has been de- 
veloped a condenser-bushing potential device which 
utilizes the inherent capacity potentiometer charac- 
teristics of the bushing in providing a source of low 
voltage which can be used in synchronizing. 

This device is relatively inexpensive, simple, easy 
to operate, requires small space, and is sufficiently 
accurate for most synchronizing applications. 


GENERAL THEORY OF BUSHING POTENTIOMETER 


In general, a successful insulator potentiometer must 
have two qualities; it must be of a relatively high 
capacity and must be protected from the weather. 

These two requirements are met by the condenser 
bushing. Constructed as it is of concentric metal- 
foil cylinders about the high-voltage conductor, it 
forms an ideal capacity potentiometer wherein the 
metal-foil cylinders are plates and the micarta is dielec- 
tric of a series of condensers which can be considered 
as connected in series from the high voltage to ground. 
By adding a tap to the last step to ground, a potenti- 
ometer is easily obtained. Its size assures ample 
capacity for instrument indication and it is completely 
protected from the weather. 

As these bushings are designed for a voltage drop of 
approximately 4000 volts per layer, some means must 
be provided for lowering the voltage across the last 
step to the usual instrument voltage of about 110 volts. 
This may be done either by paralleling the last step 
with a condenser of sufficient size or by the use of a 
potential transformer. 

The transformer method is the better as it allows a 
greater current to be drawn from the potentiometer 
than does the condenser method. With the transformer 
alone, however, only devices which are specially 
calibrated can operate with accuracy. Any instru- 
ment having resistance in its circuit will cause 
the instrument voltage to be out of phase with the 
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operation of the device for different conditions of frequency, voltage, 
etc., thus assisting in the consideration of the adaptability of the 
device to other applications. An account of the first installation in 
the field is also given. 


line voltage. This is shown in Appendix I. How- 
ever, a modification of this method, in which the 
terminal voltage and phase-angle error are practically 
independent of the burden of the connected instrument, 
may be applied. 

This modification is effected by the addition of a 
reactor tuned to resonance with the capacity of the 
last step of the bushing less the transformer exciting 
reactance, as shown in Fig. 1. 

From the theoretical discussion of this circuit, as 


Fic. 1—CoMwPLETE ScHEMATIC DiíaGRAM OF CONDENSER 


BusHING PoTrENTIAL DEVICE 


given in Appendix II, it is seen that the voltage ratio is 
approximately independent of instrument impedance 
and the phase angle between line and terminal voltage 
is approximately zero. 


COMMERCIAL FORM OF DEVICE 


As the name of. the device implies, the condenser 
bushing is used to supply a source of potential. Fig. 2 
illustrates in detail the method of tapping the last layer 
of the condenser bushing. A flexible cable having 
7000-volt insulation is fastened to the last metal foil 
layer of the condenser, and extended to a moulded 
fitting in the bushing flange. This fitting is of the 
"plug" and “jack” construction, having the tapped 
lead attached to the “jack.” All material and clear- 
ances are designed to retain the insulating properties 
of the condenser bushings, as at present, thus obviating 
any possible trouble between tap and ground. When 
the bushings are not connected to the potential device, 
a cap is provided for protecting the entrance to the 
“Jack.” 

The potential device, itself, excepting the synchron- 
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oscope, is assembled in a small protective sheet steel 
housing as illustrated in Fig. 3. It is suitably adapted 
for bolting directly to the circuit-breaker tank at a 
point near the condenser bushing tap. The connection 
between the tap and housing is approximately two 
to three feet in length, varying with the size of breaker. 
This connection consists of a 7000-volt insulated 
flexible cable protected within a flexible metallic 
water-proof conduit. Fittings are fastened to each 
end to permit ease of installation. 

The equipment within the housing consists of a 


Fig. 2—VorTrAGE Tap CONSTRUCTION ON .STANDARD 
CONDENSER BUSHING 


spark-gap arrester, low-voltage potential transformer, a 
reactor and a condenser. The energy discharge across 
the gap is small and permits the use of the usual spark- 
gap neutral arrester set to break down at a maximum 
voltage of 5500 volts. It is assembled within a porce- 
lain casing and installed as shown in the upper left hand 
corner of the housing. Connection is made to ground 
through the protective housing of the device. 

The outstanding point to be observed is the simplicity 
of the device. It is complete in one assembly and can 
be handled as a unit. The device is on the line at all 
times and operates continuously with no attention 
to either auxiliaries or secondary potential sources. 
The actual synchronizing operation is accomplished as 
easily as with a potential transformer. 


PERFORMANCE 


Variations in service and burden conditions will 
cause variations in the performance of the condenser 
bushing potential device. Extensive tests were made 
to determine the performance under different conditions 
and to obtain an idea of the limitations of the device. 
The scope of this investigation included performance 
under such conditions as: 

1. Variation of line voltage. 

2. Variation of line frequency. 

3. Variation of secondary burden. 

4. Variation of temperature of condenser bushing. 


5. Variation of line voltage wave form. 

Also conclusive tests were made to demonstrate the 
adequacy of this device for high-voltage synchronizing. 

Performance Obtained with Synchroscope. A set-up 
was made to determine the operation of the synchrono- 
scope with this device subjected to various conditions. 
Fig. 4 shows the phase-angle performance that may be 
obtained with variation in frequency of the line voltage. 
This information was obtained, using similar condenser 
bushing potential devices on either side of the syn- 
chronoscope operated from the same line voltage source. 
The angular error is the deflection of the synchronoscope 
needle. This curve shows that the phase-angle error is 
negligible when using two potential devices for 
synchronizing. 

In Fig. 5 is shown the phase-angle performance when 
an attempt is made to synchronize with a condenser 
bushing potential device on one of the lines to be 
synchronized, and a potential transformer on the other. 
The phase-angle error is permissible for synchronizing 
in the region of 60 cycles, but for greater ranges of 
frequency, the device should not be used when balanced 
against a potential transformer. The variation of phase 
angle, in either case, is practically unaffected by varia- 
tion in line voltage. The voltage performances ob- 
tained with a synchronoscope burden are illustrated in 
Fig. 6. Here, again, a constant voltage ratio is 


z> 

eo 
"ui^ 
Lai 

.-— 

V 
p 
"€ 


Fic. 3—Hovusine wiru Cover REMOVED SHOWING 
NETWORK 


obtained for a given frequency. The performance with 
variable frequency is comparable to that discussed 
under effects of frequency. It appears, therefore, that 
the frequency variation will cause very little change in 
the voltage at the synchronoscope terminals. In 
general, these performance data indicate that sym- 
chronizing with the potential device on both sources to 
be synchronized will be just as reliable as is obtained 
in potential transformer practise. 
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APPLICATION 


This device may be applied to the standard condenser 
bushings assembled on circuit breakers, power trans- 
formers, or in separate containers, with the following 
limitations in burden, depending on primary voltage: 

1. 88-kv. Line Voltage—10 volt-ampere, based on 110 
volts. 

2. 110-kv. Line Voltage—12 volt-ampere, based on 110 
volts. 

3. 132-kv. Line Voltage—15 volt-ampere, based on 110 
volts. 

4. 154-kv. Line Voltage—20 volt-ampere, based on 110 
volts. 

9. 220-kv. Line Voltage—30 volt-ampere, based on 110 
volts. 

These limitations are given for 60-cycle service. For 
50-cycle service, the burdens will be reduced to five- 
sixths of the above values. For 25-cycle service, the 
device should only be applied to the higher voltage 
bushings since the maximum burden permissible is but 
40 per cent of the 60-cycle limits. 
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Fic. 4—PHasE-ANGLE Error WHEN SYNCHRONIZING WITH 
4 
Two ConpDENSER BusHinG PorENTIAL Devices (Test Data) 


In case greater secondary burdens than those above 
are to be used, two potential devices on the same 
breaker can be used in parallel per phase, thus allowing 
double the burden given above. 

The use of a potential transformer on one line to be 
synchronized, and a condenser bushing potential device 
on the other, is not recommended. Station layouts 
should be made to anticipate the use of a condenser 
bushing device on each of the lines to be synchronized. 
Under this condition, the maximum  phase-angle 
differential that may be expected between any two con- 
denser bushing devices throughout the commercial 
frequency range, (50 to 70 cycles), is six degrees. This 
error is due to possible manufacturing variations within 
the potential device, itself, and is designed to be practi- 
cally zero at 60 cycles. This small variation in phase- 
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angle error will not interfere with the usual synchro- 


nizing operation. 
OTHER APPLICATIONS 


There are several other uses of the condenser bushing 
potential device in addition to synchronizing, The 


PHASE ANGLE ERPOR DEGREES 


Fic. 5—PHasE-ANGLE ERROR WHEN SYNCHRONIZING WITH 
CoNDENSER Busuma PorENTIAL DEVICE’ AND POTENTIAL 
TRANSFORMER (Test Data) 
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FREQUENCY- CYCLES 
60 6D 100 20 
PER CENT LINE VOLTAGE 


Fic. 6—Vottace Across SYNCHRONOSCOPE TERMINALS FOR 
VARIATIONS IN LINE VOLTAGE AND FREQUENCY (TEST Dara) 


same limitations with regard to phase-angle and voltage 
performances, as above mentioned, will apply here also. 
In general, on applying this device the maximum 
permissible burden should not be exceeded; otherwise 
the condenser bushing, itself, will be affected by unduly 
increasing the voltage across the tapped layer. 
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The potential device gives a very satisfactory indica- 
tion of voltage although not sufficiently accurate for 
power measurements. 


Voltage indication may be obtained between phase 
and ground or between phases, depending upon the 
relative connection of the secondary of the devices on 
the different phases. Standard switchboard voltmeters 
can be used with this device for giving voltage 
indication and connected the same as when using 
potential transformers. Curves similar to those given 
under performance can be used as a calibration if 
necessary. 

Frequency indication of a high-voltage line is also 
easily accomplished by use of the potential device. 
Inasmuch as there is no frequency change within the 
device, a true indication of frequency will be given. 
The standard switchboard frequency meter can be 
used within the burden limitations of the device and 
handled the same as when using the potential 
transformer. 


Probably one of the most important future applica- 
tions of the condenser bushing potential device will 
be in the relay field. Generally, the device may be 
used in place of potential transformers for operation of 
potential relays provided the phase-angle and voltage 
performance characteristics are satisfactory for proper 
functioning. In view of the fact that the device 
operates continuously, a potential source is always 
present. Due to simplicity and economy as com- 
pared to potential transformers, the use of relay schemes 
requiring potential should become more general. It 
will be particularly useful where protection is obtained 
by voltage indication between phase and ground, since 
the secondary voltage of the device is proportional to 
the voltage from phase-to-ground rather than between 
phases. This type of protection is in popular use on 
low-voltage circuits and its use has been hampered on 
high-voltage circuits due largely to the expense of 
potential transformers. Protection requiring the use 
of phase-to-phase voltage may also be obtained by 
proper interconnection of the secondary phase leads. 


FIRST INSTALLATION 


The first installation of this high-voltage synchroniz- 
ing device has been made at the Bluebell Substation 
(Alliance, Ohio) of the Ohio Public Service Company 
with very satisfactory results. 

Bluebell Substation is located near the center of a 
132-kv. transmission line, 45 mi. long, between Canton, 
Ohio and Warren, Ohio. Since no other load is 
tapped from the line between Canton and Warren, 
synchronizing at either terminal point is possible with- 
out affecting the Bluebell Substation supply. This, 
however, requires that synchronizing be accomplished 
using low voltage circuits and necessitates considerable 
switching operation. At the time the station was built 
it was considered too expensive to install 132-kv. 
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potential transformers for synchronizing purposes only. 

During the spring of 1926 an Electrostatic Glow 
Meter was installed, to provide a means of synchroniz- 
ing more rapidly, and with fewer switching operations. 
While this installation was quite economical, it was 
reliable only under favorable weather conditions. 

In order to obtain a device operative under all con- 
ditions, the condenser bushing potential device was 
installed in August, 1927. The cost was but slightly 
in excess of the electrostatic glow meter installation cost 
and upon investigation it was found to be less than one- 
sixth the cost of a potential transformer synchronizing 
installation. This new scheme, although simplified, 
has all the advantages of the standard potential 
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transformer scheme, but none of the irregularities of the 
glow meter scheme. 


The wiring diagram in Fig. 8 of the complete 
paper shows clearly the simplicity of the apparatus 
and the connections as applied to this installation. 
A standard synchronism indicator, except lamps and 
standard synchronizing plugs or switches, is used on 
the switchboard. One of the potential devices installed 
on a 132-kv. G-2 oil circuit breaker is also shown in 
Fig. 9. 

It is the intention on future installations to synchro- 
nize across one pole of each breaker rather than from 
breaker to breaker in order to permit a greater flexibility 
in the switching set-ups and simplify switchboard 
connections. To date, 50 synchronizing operations 
have been made, using the two condenser bushing 
potential devices with no incorrect indications. 


The Earth’s Electric Charge 


BY W. F. G. SWANN: 


UR earth is not a neutral body. It is coated with 
a layer of negative electricity of such amount 
that, at the surface, there is an electrical potential 
gradient of the order of 150 volts per meter. This 
potential gradient diminishes with altitude until, at an 
altitude of 10 kilometers, it becomes insignificant 
compared with its value at the surface. The potential 
gradient, and so the negative charge on the earth's 
surface, goes through fairly regular variations through- 
out the day and throughout the year; variations 
amounting to 50 per cent or more of its value. 


The atmosphere is a very feeble conductor of elec- 
tricity, so that there is a continual conduction of nega- 
tive electricity from the earth's surface on account of the 
field. The conductivity of the atmosphere is extremely 
small. A column of air an inch long, at the earth's 
surface, offers as much resistance to the flow of the 
electric current as would a copper cable of equal cross- 
section extending from here to the star Arturus and 
back, twenty times over. Nevertheless, this small 
conductivity is sufficient to insure that 90 per cent 
of the earth's charge would disappear in 10 minutes 
if there were no means of replenishing the loss. The 
nature of this replenishment is the greatest of the 
outstanding problems of atmospheric electricity. 


Many years ago it was suggested that the earth's 
charge might arise from negatively charged particles, or 
electrons, shot into our earth from the sun. "The dif- 
ficulty attending this explanation lies in the very great 
penetrating power which the corpuscles would have to 
possess in order to pass through our atmosphere, which 
is comparable, in absorbing power, with a column of 
mercury 76 cm. high. 

For many years we have had information pointing to 
the existence of a very penetrating radiation of a hard 
ray type, which enters our atmosphere from out- 
side and breaks up some of its molecules into 
positive and negative charges. 'The source of this 
radiation, is one of the most interesting speculations 
of cosmical physics today. By means of this radi- 
ation, it is possible to visualize one method by which 
the earth's charge may be maintained, for we 
know that when such rays eject electrons from atoms, 
they hurl them out in the directions of their own line of 
flight. The cosmic rays are like bullets fired down- 
wards from a lot of guns in space, and the electrons 
which are knocked out of the atoms by these ''bullets" 
continue their downward flight. "Those electrons which 
are ejected from the upper regions of the atmosphere 
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will be absorbed by the layers of air below; never- 
theless, the earth will receive electrons from those layers 
of air which are, as it were, within striking distance of it. 
The farther the electrons are able to travel through the 
air without absorption, the greater the thickness of the 
atmosphere from which electrons will be fired into the 
earth. As a result of calculation, it appears that the 
replenishment of the earth's charge could be accounted 
for satisfactorily by supposing that each cubic centi- 
meter of the atmosphere supplied three electrons per cu. 
cm. per sec. and that these electrons were of such speed 
that they could travel a distance of 9 meters in air 
without absorption. The emission of only one electron 
per cu. cm. per sec. would be sufficient, providing we 
were willing to assume for the electrons, a range of 27 
meters, and such an assumption is not unreasonable. 
Two primary difficulties confront any attempt to 
explain the earth’s charge through the agency of high- 
speed electrons shot intoit. For we should expect such 
electrons to be capable of charging an insulated mass of 
metal exposed to their entry, but no such charging - 
effects have been observed. A careful survey of the 
situation shows, however, that this difficulty is not 
insurmountable. 


The second difficulty inherent in attempts to explain 
the earth’s charge by high-speed electrons comes from 
the disruptive action which these corpuscles might be 
expected to produce in the air through which they pass. 
If these electrons should behave in a manner similar to 
that of such electrons as we meet in the laboratory, a 
stream of them strong enough to maintain the earth’s 
charge, on passing through the atmosphere, would 
produce 10,000 times as much disruption therein as our 
measurements of atmospheric conductivity show to 
occur. A closer scrutiny of this matter, however, 
shows us how we may relieve ourselves of the difficulty. 
For it appears that electrons which travel.with a 
velocity very nearly equal to that of light,—that is to 
say, very nearly 186,000 mi. per sec.,—would have 
properties vastly different from those of electrons of 
slightly less speed. The electromagnetic theory teaches 
us that if a swiftly moving electron should disrupt an 
atom as it passes, it would have to pay a sort of tax 
in the shape of energy radiated, and this tax would be 
greater the greater the velocity of the electron. To 
put the matter in a way which appears to endow the 
electron with characteristics perhaps too humanistic, 
but which, nevertheless, have their counterpart in the 
cold criteria of mathematical theory, the electron knows 
the tax which it will be expected to pay, and if its 
velocity is high enough, that tax will be too great and 
the electron will know how to avoid disrupting the 
atom at all. It turns out that the velocity which an 
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electron would have to attain in order that it could 
avoid disrupting the atoms of air through which it 
passes is only 45 meters per sec. less than the velocity of 
light. Thishappensto be just the velocity which Birke- 
land calculated many years ago as the velocity which 
electrons entering our atmosphere would have to have if 
they could account satisfactorily for the Aurora Borealis. 

It is possible to adopt an entirely different view as to 
the origin of the earth’s charge. Modern theory teaches 
us that the structure of matter is electrical; and a cubic 
centimeter of the earth contains so much positive and 
negative electricity that if these amounts could be 
separated and concentrated at two points one centi- 
meter apart, they would attract each other with a 
force of a hundred million, million, million tons. A 
very, very slow but continual death of the posi- 
tive electricity would leave a surplus of negative 
sufficient to provide for the atmospheric electric 
current. Asa matter of fact, to account for the atmos- 
pheric electric current, it would be sufficient to assume 
a rate of death which was so slow that only one-half of 
one per cent of the earth’s mass would disappear in a 
hundred million, million, million years. To merely 
postulate such a state of affairs without regard to the 
other facts of natural philosophy would be to run the 
danger which one would incur in things politic were he to 
alter one of the nation’s laws without considering its 
bearing on everything else. It has been possible, 
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however, to incorporate this idea of a slow death of 
electric charge as a result of the earth's rotation into a 
consistent scheme of electrodynamics, and at the same 
time to secure that the rotation shall provide an ex- 
planation for that other mystery, the earth's magnetic 
field. Moreover, it is possible to make this remolding 
of our physical laws so as to conform to the right ratio 
of the magnetic field of the earth to that of the sun. 
Further, the theory suggests a possible origin of the 
known magnetic fields of sun spots, magnetic fields 
5000 times as great as that of the earth. Indeed, 
according to one interpretation of the theory the 
velocity of matter in the sun spots need be no greater 
than about 80 kilometers per sec. in order to provide 
for the magnetic activity which they exhibit The 
planet Jupiter presents us with another heavenly body 
of interest for comparison for its diameter is eleven times 
as great and its angular velocity more than twice as 
great as that of the earth. The theory predicts for its 
magnetic field primarily two possibilities, a field twenty 
times that of the earth, or a field a hundred thousand 
times as great as the earth’s field. The latter possi- 
bility, while speculative, suggests interesting possibili- 
ties as regards the kind of aurora which Jupiter might 
be expected to show and it is not inconceivable that the 
light of such an aurora may play a part in explaining 
certain peculiarities of the light which appears to be 
reflected from Jupiter’s surface. 


Ideals of the Engineer 


BY JOHN J. CARTY 


Fellow, A. I. E. E. 


N receiving this great honor, I do so with feelings 
of deep gratitude and not without a sense of 
humility, for I realize that the brain of the individual 

has its limits as a storehouse, and that with knowledge 
continually increasing, any one mind can take in only 
a small portion of the rapidly accumulating body of 
engineering information. In these days, intellectual 
specialization is absolutely necessary, and whatever I 
have been able to accomplish is the result of specializa- 
tion and the cooperation of many individuals. 

In order to be of use to society, the ideas of the 
engineer, in every department,— transportation, com- 
munication, architecture, --must first be embodied in 
physical form, and because of this, he has achieved such 
a mastery over material things that he is regarded as 
preeminently the exponent of a material age. The 
great utility and economy resulting from his activities 
are so sensational as to conceal from view the ideals 
which form the basis of his creative work. 

If seeking the truth and applying the truth to the 
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affairs of man is a spiritual thing, then the engineer 
must be absolved from the charge of materialism. Heis 
an advocate for truth; his works must be tried in the 
inexorable court of Nature, where no errors are com- 
mitted and no exceptions granted. The work of the 
engineer is dedicated to the use of mankind, and the 
pecuniary compensation which he himself obtains is 
slight compared with the great benefits received by 
society. He finds inspiration and reward in achieve- 
ment, and his real compensation is the good which 
others derive from what he has done. 

Let us consider briefly the ideals of the engineer 
and the nature of his functions in the light of modern 
theories of evolution. | 

We are told that man has come from lowly origin, 
and that during ages of time incalculably long, he has 
advanced to his present position at the head .of the 
animal kingdom. It has been supposed that in man, 
himself, this evolutionary process is still at work, and 
that therefore in the course of the ages, he will evolve 
intoa superlative type and then, perhaps, all will go well. 

Inasmuch as this evolutionary process in man himself 
is said to have taken vast periods of time, it is not 
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unreasonable to expect that further ages must elapse 
before salvation by this form of evolution could be 
achieved. 

Such a view does not afford-much comfort to us, 
nor does it provide any basis for a practical program to 
guide us. Even speaking in terms of the life of a 
nation, such a process is too slow. We must reckon 
with man as he now is. Our problems must be solved 
by working upon him and through him, and cannot wait 
for the arrival of the hypothetical superman. Indeed, 
it is stated by an eminent authority that there are no 
indications that the future man will be more perfect in 
body than the most perfect individuals of the present, 
or than the most perfect men and women in the days of 
Phidias and Praxiteles. "There seems to be no general 
agreement as to whether this process in man himself has 
actually ceased; but I believe it is safe to say, in any 
event, that it is too slow in its operation to afford a 
solution of any of the problems that now confront us. 


This, however, is not all that evolution has to offer. 
For even if this one pathway should be closed to further 
great progress during our age, we are assured by that 
eminent authority, Professor Edwin Grant Conklin, 
that there are two others which are open to us. 


The first of these to be considered is one which is 
preeminently under the control] of the engineer. 
Conklin tells us that the evolution of man, the in- 
dividual, is no longer limited to his body or mind; but 
by adding to his own powers the forces of nature, man 
has entered upon a new path of progress. "The differen- 
tiations of various members of a colony of ants or bees, 
he tells us, are limited to their bodies, and are fixed and 
irreversible. But in human society, differentiations 
are no longer confined to the bodies of individuals, but 
have become, as it were, extra-corporeal. 
control over nature, man has taken into his evolution 
the whole of his environment. Although he is not as 
strong as the elephant, nor as deft as the spider, nor as 
swift as the antelope, nor as powerful in the water as the 
whale, nor in the air as the eagle; yet, by his control 
of the forces of nature outside of his body, he can excel 
all animals in strength and delicacy of movement, and 
in speed and power, on land, in water, and in air. 

The true object of engineering is not to create ma- 
chines to which men will be bound by the chains of 
necessity, or mechanisms to which they will become 
slaves. The mission of the engineer is to obtain such a 
mastery in the application of the laws of nature, that 
man will be liberated, and that the forces of the uni- 
verse will be employed in his service. According to 
Conklin, this new path of progress is in all respects the 
most important which has ever been discovered by 
organisms, and no one can foresee the end of this process 
of annexing to our own powers the illimitable forces of 
the universe. 

2. 'The Direction of Human Evolution, by Edwin Grant 
Conklin, (Seribner, pub. 1921.) 
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Concerning the other pathway of evolution, he tells us 
the progress in intellectual evolution, no less than in 
physical, lies in the direction of increasing specialization 
and cooperation. But this progress, he says, is no 
longer taking place within the individual, but in the 
specialization and cooperation of many individuals. . 
The intellectual evolution of the individual may have 
come to an end; but whether or not this is true, it is 


certain that the intellectual evolution of groups of 


individuals is only at the beginning. In social evolu- 
tion—the evolution of human society—Conklin says 
a new path of progress has been found, the end of which 
no one can foresee. 

Progress along this pathway, also, is vitally de- 
pendent upon the work of the engineer, for the 
perfection of all forms of communications and trans- 
portation is essential in order that this new super- 
organism, human society, shall achieve its destiny. 

Emphasizing the importance of this, Trotter,? another 
distinguished writer on evolution, tells us that the 
capacity for free intercommunication between in- 
dividuals of the species has meant so much in the 
evolution of man, and will certainly come in the future 
to mean so incalculably more, that it cannot be re- 
garded as anything less than a master element in the 
shaping of his destiny. 

The use of the spoken word to convey ideas 
distinguishes man from all other created things. It is 
the function of the engineer to provide for the extension 
of the spoken word by means of electrical systems of 
intercommunication which will serve to connect the 
nervous system of each unit of society with all of the 
others, thus providing an indispensable element in the 
structure of that inconceivably great and powerful 
organism which it is believed will be the ultimate out- 
come of the marvelous evolution which society is to 
undergo. 

There is one element, and only one, which stands in 
the way of realization of this inspiring vision. "That is 
man himself, for he is the unit or cell out of which the 
new organism is to be evolved. In the individual 
animal organism, the units or cells are physically 
joined to each other; but in the social organism, the 
units are individuals, not physically joined, but free to 
move about at will. The connection between these 
separate and mobile units is accomplished by com- 
munications, which convey information, ideas, and 
impulses from one mind to another. Whether these 
communications shall be employed in peaceful, con- 
structive cooperation, or whether they shall be used to 
engender conflict and confusion, depends upon man 
himself. 

Already, the applications of science to human affairs 
have far outrun the ability of man to use them wisely. 
The engineer has provided agencies of incalculable value 
in time of peace, but they are also endowed with prodig- 
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ious powers of destruction which can be loosed in time of 
war. Unless we solve the problem encountered in 
man himself, the outlook is dark indeed, and it may 
even be questioned whether our civilization will endure. 

Human behavior presents the most important and 
the most formidable problem of all the ages. Its 
solution can be achieved only by profound and pro- 
longed researches, which shall bring to bear upon every 
phase of the subject all of the resources of science. 

While, in such a consideration as this, it would be 
folly to ignore the claims of religion and philosophy, 
it would be a grave error to conclude that, in order to 
avoid disaster, we must restrict progress in the applica- 
tion of science to material things. On the contrary, 
we must accelerate progress in all the sciences, for the 


knowledge thus gained will be required in preparing . 


the individual man to function as a sane and peaceful 
unit in the ultimate social organism. 

Scientific research in our universities and elsewhere, 
conducted solely, for the increase of knowledge, should 


COOLIDGE: USE OF VERY HIGH-VOLTAGE IN VACUUM TUBES 


Journal A. I. E. E. 


receive more adequate financial support, so that it may 
be prosecuted with ever-increasing vigor. If this is 
done, I believe that in the fulness of time, by further 
scientific discoveries, the physical development of man 
will be improved, that many diseases will be entirely 
eliminated, and that immunity to the others will be 
achieved, and that feeble-bodiedness and feeble- 
mindedness will disappear. Thus will be removed 
some of the greatest barrirs to social progress. 

In the great plan of evolution, the part assigned to 
the engineer calls for the highest exercise of his creative 
faculties, for he is to direct the evolution of man’s 
extracorporeal powers, providing him with more 
numerous and still more powerful additions to his 
feeble bodily equipment. 

The ideals of the engineer will not be realized until 
man has achieved his destiny in that social organism 
which is foreshadowed ‘‘with its million-minded knowl- 
edge and power, to which no barrier will be insur- 
mountable, no gulf impassable, and no task too great.” 


Use of Very High-Voltage in Vacuum Tubes 


BY W. D. COOLIDGE 


Associate, A. I. E. E. 


SHOULD like to say a few words this evening about 

a subject which has interested me deeply for 

several years; namely, the use of very high-voltage 
in vacuum tubes. 


Early in our work on the hot cathode high-vacuum 
X-ray tube, we were made conscious of a certain limita- 
tion. Such a tube behaved consistently only so long 
as a certain applied voltage was not exceeded When 
this voltage was exceeded, current flowed through the 
tube even when the cathode was not heated. This 
current increased rapidly as the applied voltage was 
increased. Depending on the design of the tube, the 
discharge might pass directly from one electrode to the 
other, or it might pass from one electrode to the glass 
wall of the tube and then to the other electrode. 


The discharge was shown to consist of tiny jets of 
electrons coming from the cathode. When these jets 
went directly to the anode, their points of impact 
could be recognized by the heating, fluorescent, and 
X-ray effects which they produced. When they im- 
pinged upon the glass, they produced the small fluores- 
cent patches familiar to those who have worked with the 
original gas-filled X-ray tube when the latter had too 
high a vacuum to function properly. In the hot 
cathode X-ray tube the discharge in question took place 
from the edges of the focusing device and, by means of 
the X-ray pinhold camera, it was easy to show that it 
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was quite independent of whether the filament was 
lighted or not. 

Experiment showed that the determining factor was 
not the magnitude of the applied potential difference, 
but rather the electrical potential gradient at the surface 
of the cathode. The cold cathode discharge was 
favored by close spacing of electrodes and by the 
presence of sharp edges and corners on the cathode 
structure. While our first acquaintance with the 
effect had been made at voltages of the order of magni- 
tude of a hundred thousand, we found later that by 
placing the electrodes only a few mils apart and letting 
the cathode consist of a tiny wire, say one mil in 
diameter, the cold cathode effect could be observed with 
only a couple of thousand volts. 

It was as though electrons could be pulled out of the 
cathode by the application of a sufficiently strong 
electrostatic field. 

The cold cathode effect sets a limit to the voltage 
which can be used on a given tube, for if one attempts to 
appreciably raise voltage in spite of it, he either punc- 
tures the tube, through the local heating attending 
bombardment of the glass, or gets a runaway arc dis- 
charge, through bombardment of the anode. 

In our earlier attempts to build experimental X-ray 
and cathode ray tubes for voltages appreciably in 
excess of 250,000, we have seemed to be continually 
contending with and limited by the “cold cathode" 
effect. 

More recently we have found that we can remove this 
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limitation, by subdividing the total potential difference 
applied to the tube between different pairs of tubular 
electrodes. The electrons coming from the cathode 
are then given successive accelerations as they pass 
between successive pairs of electrodes. This in effect 
divides the tube up into sections each of which may be 
good for as much as 300,000 volts. We have already 
successfully operated such a cathode ray tube, with 
three sections, on 900,000 volts. 

This cascade, or multi-sectional system, promises to 
let us build vacuum discharge tubes for as high voltages 
as we can generate. This applies as well to an X-ray 
tube as to a cathode ray tube, as the latter may be 
converted into the former by the addition of a suitable 
target. It also applies equally well to a high-voltage 
kenotron. ; 

This opens a vista of alluring scientific possibilities. 
It has tantalized us for years to think that we couldn't 
produce in the laboratory just as high speed electrons 
as the highest velocity beta rays of radium and just as 
penetrating radiations as the shortest wavelength 
gamma rays from radium. According to Sir Ernest 
Rutherford, we need only a little more than twice the 
voltage which we have already employed, to produce 
X-rays as penetrating as the most penetrating gamma 
rays from radium, and about three million volts to 
produce as high-speed beta rays. The capacity or 
quantity factor would be tremendously in our favor, 
as with twelve milliamperes of current we would have 
as many high speed electrons coming from the tube as 
from a ton of radium in equilibrium with its decomposi- 
tion produets. Another factor in our favor would be 
the control which we would have of the output. This 
would be quite different from our position with respect 
to radium, in which case no physical or chemical agency, 
at our command, in any way affects either the quality 
or the quantity of the output. 

We expect to find that a high-voltage positive ray 
tube can be constructed along the general lines of the 
multi-sectional cathode ray tube. In this case, we 
should need, according to Rutherford, about eight 
million volts to produce positive rays having the energy 
of the highest velocity alpha rays from radium. 

The problem of vacuum tube operation at very high 
voltages is a two-fold one, as it involves not only the 
design of the tube but also the design of a suitable 
high-voltage source. 

It seems quite possible that it will prove advantageous 
to proceed along the lines of our present oil-immersed 
X-ray outfit, in which the X-ray tube is placed in the 
same container, and in the same oil, with the high- 
voltage source. With such an outfit, no part of the 
high-voltage circuit is brought out into the air, and the 
corona problem is therefore greatly simplified. 

We now have transformers good for several million 
volts, even with the high-voltage circuit brought out 
into the air, and it should be possible for us to go much 
higher if the whole high-voltage circuit is kept in oil. 

What shall we do with the high-speed particles ob- 
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tainable from tubes operating at a potential difference 
of millions of volts? "The lure, of course, lies in the 
fact that we can't answer the question, beyond saying 
that we shall experiment with them. They should 
eventually help us to further knowledge of the atomic 
nucleus and to further knowledge of radiation laws. 


AUTOMATIC CONTROL BETWEEN 
CHICAGO AND OMAHA 


The last stretch of Chicago & North Westerns’ 
main-line automatic train control installation, extending 
from Chicago to Omaha, is scheduled to be complete 
and in service by May 1st. 

This outstanding factor of safety and railroad effi- 
ciency marks one of the longest stretches of con- 
tinuous automatic train control in the country, and 
with the completion of this vast improvement, 
all Chicago North Western trains on the main line 
wil pass under an invisible master control that 
is absolutely automatic, holding the speed of all 
trains within proper limits at all times independently 
of the engineer or train men. Under any and all 
conditions of the weather, day or night, it safe- 
guards the movements of all trains and provides engi- 
neers with a constant check as to speed, and the con- 
dition of the right-of-way ahead entirely. independent 
of block system signals which are often obscured by 
fog thereby sacrificing speed for safety. 

The new system allows an engineer to operate his 
passenger train as usual but at a speed within range of 
safety. The maximum speed for freight trains by this 
system of control is fifty miles per hour, if the track 
is clear. Should an engineer approach too closely 
a train or other unexpected restricted conditions ahead, 
the invisible master control causes a warning light in 
the cab to change from green to yellow, at the same 
time sounding a chimeorwarning whistle. This double 
automatic warning of light and sound must |be im- 
mediately acknowledged by the engineer in charge of 
the train. The speed of his train is forthwith reduced 
to below twenty miles an hour, otherwise the brakes 
will be automatically applied, the control taken from 
his hands and the train stopped. As soon as the track 
ahead is clear again, the master control signal informs 
the engineer of the fact, whereupon he can again pro- 
ceed at full speed ahead, up to within the required 
safety margin of seventy miles per hour for passenger 
service. 

The Chicago & North Western was the first railroad 
to install continuous automatie train control on so 
large a scale and at so great an outlay. Over 350 
locomotives and 1050 miles of track had to be equipped 
with the control apparatus. 

The Clinton-to-Omaha installation was completed 
and in operation July 1, 1927. Engineers in charge of 
equipping the main line report that this new installation 
into Chicago will be complete and ready for service 
May 1st of this year. 


| Abridgment of 
Certain Topics in Telegraph ‘Transmission 
Theory 


BY H. NYQUIST: 


Member, A. I. E. E. 


Synopsis.—T he most obvious method for determining the distor- 
tion of telegraph signals is to calculate the transients of the telegraph 
system. This method has been treated by various writers, and solu- 
tions are available for telegraph lines with simple terminal conditions. 
It is well known that the extension of the same methods to more 
complicated terminal conditions, which represent the usual terminal 
apparatus, leads to great difficulties. 

The present paper attacks the same problem from the alternative 
standpoint of the steady-state characteristics of the system. This 
method has the advantage over the method of transients that the 
complication of the circuit which results from the use of terminal 


SCOPE 


HE purpose of this paper is to set forth the results 
of theoretical studies of telegraph systems which 
have been made from time to time. These results 

are naturally disconnected and in order to make a 
connected story it has been necessary to include a 
certain amount of material which is already well known 
to telegraph engineers. The following topics are 
discussed: 

1. The required frequency band is directly propor- 
tional to the signaling speed. 

2. A repeated telegraph signal (of any length) may 
be considered as being made up of sinusoidal com- 
ponents. When the amplitude and phase, or real 
and imaginary parts, of these components are plotted 
as ordinates with their frequencies as abscissas, and 
when the frequency axis is divided into parts each being 
a frequency band of width numerically equal to the 
speed of signaling, it is found that the information 
conveyed in any band is substantially identical with 
that conveyed in any other; and the bands may be 
said to be mutually redundant. 

3. The minimum band width required for unam- 
biguous interpretation is substantially equal, num- 
erically, to the speed of signaling and is substantially 
independent of the number of current values employed. 

4. A criterion of perfect transmission is selected; 
and a discussion is given of the characteristics which the 
received wave must have to be non-distorting with the 
requirement that the frequency range should not be 
greater than necessary. 

5. Directions are sketched for specifying systems to 
meet this requirement. 

6. Several alternative criteria of distortionless 
transmission are considered and a method for computing 
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apparatus does not complicate the calculations materially. This 
method of treatment necessitates expressing the criteria of distortion- 
less transmission in terms of the steady-state characteristics. | 
Accordingly, a considerable portion of the paper describes and 
illustrates a method for making this translation. 

A discussion is given of the minimum frequency range required for 
transmission at a given speed of signaling. In the case of carrier 
telegraphy, this discussion includes a comparison of single-sideband 
and double-sideband transmission. A number of incidental topics 


are also discussed. 
° e $s 95s ù% @ 


the corresponding transmission characteristics of the 
circuit is explained and illustrated. 

7. An analysis is given of the carrier wave, and it 
is shown that the usual carrier telegraph requires twice 
as much frequency range as the corresponding d-c. 
telegraph, other things being equal. 

8. A discussion is given of two alternative methods 
for overcoming this inefficiency of carrier telegraphy,— 
namely, the use of phase discrimination and of a single 
sideband. 

9. After the d-c. and carrier waves have thus been 
analyzed a corresponding analysis is given of an 
arbitrary wave shape, including these two as special 
cases. Calculations are given on the shaping of the 
transmitted wave so as to make the received wave 
perfect. 

10. A discussion is given of the dual aspect of the 
telegraph wave. The wave may be looked on either 
as a function of w, requiring the so-called steady-state 
method of treatment, or as a function of ¢ requiring 
the so-called method of transients. It is shown that 
the steady-state theory can be made to yield the in- 
formation necessary to specify the characteristics of an 
ideal system. 

11. A discussion is given of the effect of interference 
and departures from ideal conditions. 

The economy in frequency range, indicated under 2 
and 3, should be considered as a theoretical limit which 
cannot be obtained in practise but which can be ap- 
proached, the closeness of approach depending on the 
degree with which the requisite conditions are fulfilled. 
In practise, it is essential to limit the cost of terminal 
apparatus and this, in turn, may lead to imperfect 
utilization of the frequency range. 

In certain portions of the paper the discussion is 
limited to ideal telegraph systems and it is the character- 
istics of such systems which are referred to above 
(4, 5 and 6). These ideal systems have certain ideal 
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transmission characteristics; while the reader is given 
sufficient information to specify suitable equilizers to 
produce an ideal system, there is no information given 
as to how to proceed to build equalizers to meet the 
requirements. It is not within the scope of the paper 
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Fic. 1— DISCRIMINATION FACTOR or C SIGNAL 


Showing the symmetry and redundancy of successive bands. The 
corresponding points in the various bands are indicated by the same symbol 
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Fra. 2—IpEAL SHAPE Factors 


Here the criterion for distortionless transmission is that the height of the 
middle of each signal element should be undistorted 

a and c represent real shape factors which produce a non-distorting 
wave,.—b and d shape factors which may be added without producing 
distortion, the former representing a real and the latter an imaginary value 
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Fic. 3—IpEAL SHAPE FACTORS 


In this figure, the criterion of distortionless transmission is that the width 
or duration of each signal element at the mean-value point should be 
undistorted 

a and c represent real shape factors which produce a non-distorting 
wave—b and d shape factors which may be added without producing 
distortion, the former representing an imaginary and the latter a real value 
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to enter into the practical questions of cost and detailed 
construction of signal shaping devices. While these 
subjects are of great importance, it is thought best to 
confine the paper to theory. Lest the reader should 
think this lack of equalizer theory a fatal weakness in 
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Fig. 6— TRANSFER ADMITTANCE, u + iv, CORRESPONDING TO 
THE NoN-DisrogTING WAVE SHOWN IN Fia. 5 


7—GRAPHICAL ANALYSIS OF A TRANSMISSION 
CHARACTERISTIC 
The sum of the transfer admittances shown at b, c, and d equals the 


transfer admittance shown at a. The components, b, c, and d, are chosen 
so as to possess symmetry about the carrier frequency 


Fia. 


216 


the whole theory presented, attention is called to the 
discussion of generalized wave shape; where directions 
are given for approaching the ideal case as closely as 
desired, by shaping the sent wave to take care of any 
residual imperfections in the transmission character- 


istic. Finally, under the discussion of interference, 
eof 
i r3 
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Fig. 8—GRAPHICAL ANALYSIS OF A TRANSMISSION 
CHARACTERISTIC 


The sum of the symmetrical transfer admittances shown at b and c 
equals that shown at a. The heavy line in d is identical with the curve in a; 
the thin curve is the mirror image of the heavy one. The curve shown at 
b equals one-half the sum, and that shown at c equals one-half the difference 
of the two curves shown at d 


mention is made of the effect of departures from the 
ideal in the matter of signaling speed, transmission 
characteristic, etc. 


EXPLANATION OF THE FIGURES 


Fig. 1 shows the successive harmonics of the c signal, 
which is made up of ten successive signal elements as 
follows: 1, 0, 1, 0, 0, 1, 0, 0, 0, 0, where 1 denotes a mark 
and 0 a space. The values of the harmonics have been 


Fig 9—ExAMPLE OF SIGNAL SHAPING TO PRopucEe DISTORTION- 
LESS RECEIVED SIGNALS 


multiplied by a known function of frequency. On 
comparing the harmonics indicated by the same sym- 
bols in the figure, it is made obvious that the harmonics 
above the fifth do not contribute any information about 
the signal beyond the information contained in har- 
monics up to and including the fifth. 

Fig. 2 shows in what proportion the values of the 
harmonics given in Fig. 1 should be combined in order 
that the received signal wave should be non-distorting 


NYQUIST: TELEGRAPH TRANSMISSION THEORY 


Journal A. I. E. E. 


on a specific eriterion of transmission. Fig. 3 is similar 
to Fig. 2 but applies to a different criterion for distor- 
tionless transmission. 

By way of illustration, Figs. 5 and 6 give a non- 
distorting wave and its corresponding transfer admit- 
tance. The criterion for distortionless transmission in 
these figures is the same as in Fig. 2. 

Figs. 7 and 8 are for the purpose of aiding the dis- 
cussion of single-sideband telegraphy. They show how 
a given admittance may be subdivided into parts which 
possess symmetry relatively to an arbitrary frequency. 
By eliminating the waves due to certain of these parts 
the resultant received wave is made suitable for single- 
sideband transmission. 

Fig. 4 illustrates the general type of signal element 
which is referred to in the paragraph numbered 9 
under "Scope" above. Fig. 9 illustrates how a sent 
signal element may be shaped to compensate for dis- 
tortion in the circuit. 


LEGISLATION URGED TO CONSERVE OIL 


Overproduction in the petroleum industry is causing 
such waste that the Special Advisory Committee of 
Nine in its report to The Federal Oil Conservation 
Board, has recommended that national legislation be 
enacted to curb this waste. 

The Committee recommends that the proposed 
Federal legislation ‘‘shall unequivocally declare that 
agreements for the cooperative development and 
operation of single pools are not in violation of the 
Federal antitrust laws and shall permit, under suitable 
safeguards, the making, in times of overproduction, of 
agreements between oil producers for the curtailment of 
production.” In the opinion of the Committee 
legislation similar to this would be enacted by the 
various oil-producing States. 

A draft of a bill for submission to Congress was 
referred to the Federal Oil Conservation Board by the 
Committee of Nine. The conclusion of this tentative 
bill recommends that the Federal Oil Conservation 
Board be authorized to prescribe the necessary and 
proper rules and regulations “to do any and all things 
necessary to carry out and accomplish the purposes of 
this Act.” 


ELECTRICAL TESTING BUREAU FOR 
CANADA 


The Canadian government is asking Parliament for 
permission to establish a Canadian Bureau of Standards, 
with director and facilities for the testing of electrical 
equipment and appliances of all kinds. Consent and 
cooperation of the provinces have already been ob- 
tained. Both Canadian and British have urgently 
applied to the government for such a bureau. Here- 
tofore, in order to meet fire underwriter requirements, 
products of this section had to be subject to the approval 
of the United States Laboratories. 
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ILLUMINATION ITEMS 
By Committee on Production and Application of Light 
LIGHTING WARSHIPS 


In a paper entitled “The Application of Electricity 
in Warships",* William McClelland deals with the 
present lighting practise on British ships. The subject 
is introduced with the following statement: 


“During recent years, considerable advance has 
been made in the science of illumination, and the 
importance of adequate and proper lighting is now 
generally recognized. Bad lighting conditions cause 
eye-strain and inefficiency, react on the general health, 
and are responsible for many accidents. 

"Ina warship, conditions aresuch that officersand men 
must spenda large proportion of their time and do much of 
their workin artificiallight. Evenindaytime, compara- 
tively few compartments in the ship can be provided 
with satisfactory natural illumination. Further, war- 
ship lighting problems are of a varied nature because 
of the diversity of use to which the compartments are 
put. There are, for instance, living spaces, offices, 
workshops, sick-bays, engine-rooms, boiler-rooms, nu- 
merous auxiliary spaces and store-rooms, in addition to 
special armament spaces, such as magazine and shell 
rooms, turrets and control rooms. A high standard 
of vision in the personnel is necessary for the efficient 
performance of their duties, and it is necessary that 
this high standard should not be impaired by inadequate 
or improper lighting." 

The author then considers the lighting problem in 
warships, the illumination values desirable, and the 
types of fittings in use. The British Admiralty speci- 
fications for lamps provide for shock-testing lamps 
after they have burned for ten hours, and the apparatus 
in which this is done is described and illustrated. 
It has been the purpose to obtain a metal-filament lamp 
that will withstand gun shock and rough usage, and the 


author states that progress in manufacture has already - 


made the use of carbon filaments unnecessary. 


Average and minimum values of illumination for 
various compartments of British ships are specified and 
an abstract of illumination values for ships of the U. S. 
Navy is also included for comparison. The article 
states that the figures for British warships compare 
very favorably with shore practise and although con- 
siderably higher than previous values they are lower 
in certain instances, than they would have been 
had not other factors influenced the decision. (It 
appears that, in general, the standard of illumination 
specified for British ships is higher than for ours.) 

Fittings are discussed under the headings of those 
used purely for illumination purposes, and those for 
special purposes, such as navigation lights, internal 
signaling, etc. 

Searchlights are discussed with reference to the 


*Abstracted from Journal of the Institute of Electrical Engi- 
neers, Sept. 1927. 
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several important uses to which they are put today on 
shipboard. The types of lamps, reflectors, carbon 
electrodes, shutters, ventilators, reduction of pressure 
(voltage) and operation are dealt with briefly. 

In addition to the application to lighting the many 
other uses of electricity on the modern warship are 
described at considerable length. 


——— 


METHOD OF CALCULATING RHEOSTATS 
FOR THE CONTROL OF ILLUMINATION 
AND ITS PRACTICAL APPLICATION* 

The design of rheostats for the control of illumination 
produced by incandescent lamps is complicated by the 
fact that the resistance of the filament varies consider- 
ably with changes in eurrent which affects the distribu- 
tion of voltage across the rheostat and the lamps. In 
the article here digested is described a graphic method 
Which easily permits the exact determination of the 
sections of the conductors of such rheostats. 

The characteristic curves, based on the relations of 
voltage and current and of luminous flux and current, 
are plotted in percentage values. The scales of the 
two curves are so related that the external resistance 
(in per cent of the resistance of the lamp when operated 
at normal voltage) required to produce any percentage 
of normal light flux ean be determined graphically. 
The results obtained in three specific cases,—namely, 
(a) gas-filled lamps, wattages above 100; (b) gas-filled 
lamps, wattages below 100; and (c) vacuum lamps,— 
are given in tabular form to show the resistance (in 
percentage of the resistance of the lamp at normal 
voltage) that must be placed in series with the lamp to 
obtain various percentages of the normal light output. 

Two examples of the utilization of the method in the 
calculation of resistances are treated in detail; the 
first based upon the reduction of illumination in equal 
amounts; the second, upon the reduction of illumination 
in steps following a logarithmic law. 

The effect of operating a number of similar lamps in 
multiple with a common series resistance in studies and 
curves is given, showing the total luminous flux ob- 
tained with from one to six lamps with various values of 
resistance (expressed in terms of the resistance of a 
single lamp). 

It is pointed out that when this external resistance 
is equal to 10.7 per cent, two lamps give no more light 
than one without resistance (7. e., at normal voltage); 
and that when the resistance is 19.5 per cent, two lamps 
in multiple give no more light than one alone. 


An actual case is cited to show how the increased 
voltage drop in a circuit containing some little resistance 
makes it impossible to increase illumination by increas- 
ing the wattage .of the lamps operating thereon. 
Possible applications of the calculation of resistances 
to photometry and to theatre lighting are discussed. 

*Abstract from article by Dr. N. A. Halbertsma and Mr. Edw. L. T. 


Matthews of the Philips Lamp Works, (Revue Generale de l'Electricitie, 
July 16, 1927.) 


INSTITUTE AND RELATED ACTIVITIES 


St. Louis Regional Meeting March 7-9 


All plans are completed for the Regional Meeting which will 
be held March 7-9 in St. Louis, with headquarters at the Hotel 
Coronado. This meeting was announced in the February 
JOURNAL, page 154, and with the exception of substituting one 
technical paper, no changes have since been made in the arrange- 
ments. The change consisted in withdrawing the paper Electric 
Equipment for Oil and Gas Locomotives and placing in the program 
the paper Drive of Tandem Rolling Mills, by A. F. Kenyon, 
Westinghouse Electric & Manufacturing Company. 

As already announced, the principal features will be a Branch 
conference, technical sessions on electrical machinery, power 
systems and communications, a dinner-dance and inspection 
trips. 


Baltimore Regional Meeting April 17-20 


The Middle Eastern District Regional Meeting, which will be 
held at the Hotel Belvedere in Baltimore April 17-20, should 
develop considerable interest in view of the excellent program of 
papers to be presented at the technical sessions, together with 
the inspection trips. . 

TECHNICAL SESSIONS 


The technical papers will include the subjects of dielectrics and 
power generation. Dielectrics and insulation will be treated 
in one session of four papers. Papers will be presented covering 
the design of the Gould Street Generating Station of the Con- 
solidated Gas, Electric Light and Power Company. Other 
papers will deal with the Conowingo development of the Phila- 
delphia Electric Company, covering such features as the general 
design of the development, the 220-kv. transmission lines, quick- 
response excitation and stability calculations. 

Details of the technical sessions are included in the accompany- 
ing program. 

LrecrunE or Dr. Woop 


One of the principal features of interest at this meeting will 
be a lecture on Tuesday evening, April 17 by Dr. R. W. Wood, 
Professor of Experimental Physics at Johns Hopkins University, 
on “Sounds that Burn." 


INSPECTION TRIPS 


On Wednesday afternoon there will be an inspection trip to 
the Gould Street Generating Station of the Consolidated Gas, 
Electric Light and Power Company. On Friday, April 20, 
there will be an all-day inspection trip to the Conowingo develop- 
ment of the Philadelphia Electric Company. Luncheon will be 
provided at Conowingo by the Philadelphia Electrice Company. 


ENTERTAINMENT 


Arrangements have been made for the entertainment of the 
ladies throughout the meeting. On Tuesday afternoon, April 
17, there will be a bridge party. On Wednesday afternoon 
there will be a trip to Annapolis and the Navel Academy. 

Provision will be made for those members desiring to play 
golf on Wednesday and Thursday afternoons. 

For those who may desire to form theater parties on Thursday 
evening, April 19, arrangements will be made for securing 
tickets. _ 


DINNER-DANCE . 
On Wednesday, April 18, an informal dinner-dance will be 
held in the main ballroom of the Hotel Belvedere. During the 


dinner a number of interesting entertainment features will be 
provided. 


Hore. 

All of the technical sessions will be held at the Hotel Belvedere. 
As the hotels in Baltimore are rather crowded at this time of the 
year, it is suggested that members expecting to attend this 
meeting make reservations as early as possible. Those desiring 
reservations should communicate directly with the manager of 
the Hotel Belvedere. 

CoMMITTEE 

The general committee in charge of the meeting is as follows: 
J. L. Beaver, Vice-President in District 2, Chairman; Raymond 
Bailey, Secretary; M. R. Woodward, R. T. Greer, Leo Dorfman. 
L. G. Smith, R. C. Faught, Prof. L. A. Doggett. 

PROGRAM 
Tuespay, APRIL 17 
MonNiNcG 10:00 a. M. 
Committee Meetings 
AFTERNOON 2:00 P. M 


Registration 


Technical Session 
Dr. J. B. WHITEHEAD, Presiding 


Behavior of Dielectrics, R. R. Benedict, University of Wisconsin. 

Thermal Method of Standardizing Dielectric Power Loss Mea- 
suring Equipment, J. A. Scott, H. W. Bowsman, General Electric 
Co. and R. R. Benedict, University of Wisconsin. 

Developments in the Insulation of Coils for High-Voltage Turbo- 
Generators, C. H. Hill, Westinghouse Electric & Manufacturing 
Co. 

Drying and Evacuating of Impregnated Paper Insulation, 
J. B. Whitehead, W. B. Kouwenhoven, F. Hamburger, Jr., 
Johns Hopkins University. 

TuoEspAY EVENING 8:00 P. M. 
LECTURE 


“Sounds that Burn," Dr. R. W. Wood, Johns Hopkins Uni- 
versity. 


WEDNESDAY, APRIL 18 
MonNiNG 9:30 a. M. 


Technical Session 
W. S. Gorsvucn, Presiding 


The Gould St. Generating Station of the Consolidated Gas, Electrte 
Light and Power Company, A. S. Loizeaux, Consolidated Gas, 
Electric Light and Power Company. 

Design Studies for Gould St. Generating Station, F. T. Leilich, 
C. L. Follmer, R. C. Dannettel, Consolidated Gas, Electric 
Light and Power Company. 

Operating Experiences, Gould St. Generating Station, A. L. 
Penniman, F. W. Quarles, Consolidated Gas, Electric Light and 
Power Company. 


AFTERNOON 2:00 P. M 
Inspection trip to Gould St. Generating Station. 

EvgNiING 7:00 P. M. 
Dinner-Danee. 


THURSDAY, APRIL 19 
MonNiNG 9:30 a. M. 


Technical Session 
W. S. Gorsvucu, Presiding 


The Conowingo Hydroelectric Development on the Susquehanna 
River, Alex. Wilson, 3rd, Philadelphia Electric Company. 
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Electrical Features of the Conowingo Generating Station and the 
Receiving Substations at Philadelphia, R. A. Hentz, Philadelphia 
Electric Company. 

The 220-Kv. Transmission Lines for the Conowingo Develop- 
ment, P. H. Chase, Philadelphia Electric Company. 


AFTERNOON 2:00 P. M. 
Technical Sesston 


W. S. Gonsvucn, Presiding 


Telephone System in Connection with the Conowingo Develop- 
ment, W. B. Beals, Chesapeake and Potomae Telephone Com- 
pany and E. B. Tuttle, Bell Telephone Co. of Pennsylvania. 

Quantitative Mechanical Analysis of Power-System Transient 
Disturbance, R. C. Bergvall and P. H. Robinson, Westinghouse 
Electric and Manufacturing Company. 

Super-Excitation for the Synchronous Condensers for the Con- 
owingo System, D. M. Jones, General Electric Company. 


Fripay, APRIL 20 
9:30 a. M. 
Inspection Trip to the Conowingo Development. 


Regional Meeting at New Haven May 9-12 


The Regional Meeting of the Distriet No. 1 will be held in 
New Haven, May 9-12 with the Connecticut Section as host. 
The Hotel Taft will be headquarters. 

One of the sessions will be devoted to a joint symposium 
arranged by the Committees on Instruments and Measurements 
and on Protective Devices. It will deal with the instruments 
available for study &nd measurement of system disturbances 
and with the applieation of relays and other devices to control 
the effects upon system operation. 

Three other sessions will be based on four unusual technical 
developments in the vicinity of New Haven which will have been 
about consummated by the time of the meeting. "These are in the 
field of hydroelectric development, railroad, and street railway 
power and mereury turbines. 

The Conneetieut Light and Power Company is completing & 
development by which the excess flow of the Housatonic River 
will be pumped into a storage basin through utilization (a) on 
some oceasions of a portion of the exeess water power and (b) on 
other occasions of steam power from other points on the system. 
The result will be an equalization of the stream flow and progress 
toward a complete economic utilization of the entire river. This 
will be the feature of an all-day inspection trip on Saturday, 
May 12, and will also be covered by a paper by E. J. Amberg, of 
the Connecticut Light and Power Company. Similar papers 
dealing with corresponding development of other rivers in New 
England and the South are in preparation. 

Power for the trolley system of the City of Bridgeport is now 
being supplied exclusively by mercury are rectifier substations, 
one of which is entirely automatic. This will be the subject 
of two papers, one by G. E. Wood, of the Connecticut Company, 
on the principles and details of the installation, and a second by 
C. J. Daly, of the Southern New England Telephone Company, 
on the handling of inductive coordination between the railway 
feeder system and the local communication circuits. 

The N. Y., N. H. and H. Railroad electrification is now being 
supplied with 25-cycle power through two variable-ratio fre- 
quency-changer sets, one deriving power from another 25-cycle 
system, and the second. power from a utility system at 60-cycles. 
This also will be the subject of an inspection trip and papers by 
Ludwig Encke of the Railroad and E. J. Burnham of the General 
Eleetrie Company. C. F. Schuchart, Commonwealth Edison 
Company, and W. K. Vandersluis of the Illinois Central Railroad, 
will also present a paper on a similar phase of the Illinois Central 
eleetrification. 

The 10,000-kv-a. mereury-boiler turbine at the South Meadows 
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station of the Hartford Electric Light Company will be operating 
before the date of the sessions and there will be a paper describing 
that installation and discussion by the Company officers on the 
results of the operation. An inspection trip to this installation 
will also be made. i 

There will be another session including miscellaneous topics 
made up chiefly of "initial" papers by members of the District. 

The Friday morning session will be turned over to the Branches 
of the Northeastern District for a student program, along the 
lines of that at Pittsfield, in 1927. 

The three evenings will be devoted to a reception and dance, 
banquet, and theater party, respectively. Those attending the 
convention are to be given a complimentary performance by the 
Yale University Department of Drama, at the University 
Theater. 


The Summer Convention, Denver 
June 25-29. 


The 1928 Summer Convention of the Institute will be held 
June 25 to 29, in Denver, Colo., with headquarters at the Cosmo- 
politan Hotel. 

At this date a program cannot be definitely announced, but it 
is proposed to have papers on high-speed circuit breakers and 
other equipment used on electrified railways, transmission-line 
surge investigations, carrier-current communication, geophysics, 
operation of electrical machines at high altitudes, engineering 
education, and other subjects. The annual reports and reviews 
of the Technical Committees will be given. 

There will be also an annual conference of Section delegates: 

A tour to Yellowstone Park and other places is being arranged 
in connection with the Convention as announced below. 

Further details of the program will be published subsequently 
in the JOURNAL. 


Institute Tour to Yellowstone Park 


A tour of Yellowstone National Park, by way of Colorado 
Springs and Salt Lake City is being planned for Institute mem- 
bers and guests in connection with the 1928 Summer Convention 
to be held in Denver, Colorado, June 25-29. 


SHOSHONE LAKE AND DAM AS SEEN FROM THE Copy Roap 


With New York City as a starting point, the entire trip will 
be made in about eighteen days, including, the time spent in 
Denver at the Convention. The time required from other 
points will depend, of course, upon their location. The start will 
be made from New York on the afternoon of June 22 and the 
return to New York will be on July 10. 
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The route from New York to Chicago will probably be over 
the New York Central], and on the route members may join the 
party on the train. Members from other sections of the country 


GREAT FALLS AND GRAND CANYON OF THE YELLOWSTONE 


may meet the party in Chicago or in fact at any other point on 
the route, including Denver. 
The party will arrive at Denver on Sunday evening, June 23, 


————— L. "CN 
* we ^ X s amt - - x a p , - a 
Orp FAITHFUL, YELLOWSTONE NATIONAL PARK 
and after the Convention is over, will leave Friday evening, 


June 29, for Colorado Springs, where they will stay at the Broad- 
moor Hotel. 
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At Colorado Springs, June 30, Pike's Peak, the Garden of the 
Gods, South Cheyenne Canyon, and Seven Falls will be visited. 
Enroute from Colorado Springs on July 1 will be seen the famous 
Royal Gorge. 

Arriving in Salt Lake City on the morning of July 2, trips will 
be made morning and afternoon, and at noon, the organ recital 
in the Mormon Temple will be heard. Among the .trips which 
ean be taken are those to Saltair Beach, the Bingham Cop 
Mines, and the canyons near the city. | 

Leaving Salt Lake City on the evening of July 2, the party 
will arrive at the West Yellowstone entrance on the next morning. 

In Yellowstone National Park, four and one-half days will 
be spent enjoying the many wonders of nature which are there. 
Old Faithful and many other geysers, Yellowstone Lake, the 
Grand Canyon and Great Falls of the Yellowstone, Mammoth 
Hot Springs, Shoshone Lake and Dam are the prominent points 
that will be visited. 

Leaving the park by way of the Cody road the party will take 
the train at Cody on the evening of July 7 and will arrive in 
Chicago July 9 and in New York, July 10. | 

A most enjoyable feature of this trip will be that all arrange- 
ments for railroad and pullman tickets, hotels, automobile tours, 
baggage transfer, etc., will be made by the travel bureau which 
has been authorized for the trip. 

The cost of the tour, depending on pullman aecommodations 
desired, will be as follows, with New York as the starting point. 
Rates from other points will differ according to the location. 


COST OF TOUR STARTING AT NEW YORK 


Onein  Onein Two in Two in Three in 
upper lower compartment drawing room drawing room 
berth berth (each person) (each person) (each person) 
$350 $375 $398 $439 $393 


The tour is arranged on the all-expense plan and the cost 
includes round-trip railroad and pullman transportation, side 
trips, accommodations at first elass hotels (rooms with bath, 
twin beds) including the Cosmopolitan Hotel, the headquarters 
of the meeting, all meals (except at Denver) transfer of passengers 
and baggage, sight-seeing and touring cars, in fact all necessary 
expenses except meals at Denver, trips in Salt Lake City and 
tips. 

The cost does not include private baths at Yellowstone Park. 
Such accommodations are limited, but private bath accommoda- 
tions will be secured for members of the party who desire them 
there, at slight additional cost. 

All who are interested in this tour are requested to communi- 
cate with the travel bureau, The Henry Tours, Inc., 565 Fifth 
Avenue, New York, N. Y., which will make arrangements. The 
bureau will give information on all matters. 


World Congress of Engineers, Japan 


The American Committee of the World Congress of Engineers 
to be held in Tokio, Japan, November 1929, includes the names 
of E. W. Rice, Jr., past-president of the Institute and honorary 
chairman of the board of directors of the General Electric Com- 
pany; Professor Elihu Thomson, past-president of the Institute 
and director of the Thomson Research Laboratory, Schenectady ; 
C. C. Chesney, past-president of the Institute and vice-president 
of the General Electric Company; and Gerard Swope, Fellow 
of the Institute and president of the General Electric Company. 
This committee totals 78 members and is composed of many 
nationally prominent men. The four appointments here men- 
tioned were made by Secretary Hoover. 

This will be the first congress of its kind ever held, and has 
for its purpose the promulgation of international cooperation in 
the study of engineering science and problems, in the stimulation 
of a feeling of brotherhood among all engineers in the world. 
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The Sixteenth Winter Convention 


The Winter Convention held in New York, February 13-17, 
followed the tradition of its predecessors in presenting a program 
of very substantial technical papers, but offered in addition a 
number of lighter features which attracted large and interested 
audiences. The total attendance of members and guests 
numbered about 2000. 


MONDAY AFTERNOON 


The technical session on Monday afternoon was held under the 
auspices of the Committee on Electrophysics, Professor Karape- 
toff, Chairman, and the general subjects of the papers were 
electrophysics and dielectrics. 

The first paper presented was on Surge Impulse Breakdown of 
Air, by J. J. Torok, and was presented in abstract by the author. 

The next paper was entitled the Influence of Internal Vacua 
and Ionization on the LInfe Duration of Paper-Insulated, High- 
Tension Cables, by Alexander Smouroff and L. Mashkileison of 
Leningrad, Russia. In the absence of the authors the paper was 
presented by Mr. Del Mar. 

These two papers being on allied subjects were discussed 
together by Messrs. Del Mar, Fortescue, Duncan, Dawes, 
Slepian, Davidson, Salter, Connell, Peek, Lee and Wiseman, 
with elosures by Messrs. Torok and Del Mar. 

The next paper on the program was Approximate Solution for 
Electrical Networks by Mr. E. A. Guillemin, who presented this 
paper in abridged form. 

The last paper of the session was entitled The Boltzmann- 
Hopkinson Principle of Superposition as applied to Dielectrics, 
by Prof. F. D. Murnaghan of Johns Hopkins University. This 
was abstracted by Dr. Slepian. The discussion which followed 
was by Messrs. Bush, LeGhait, Malti, Prof. Whitehead, (read 
by Mr. MoEachron), and Slepian. 


Monpbay EVENING 


The meeting was called to order by Professor Karapetoff who 
introduced the speaker of the evening, Dr. W. F. G. Swann, 
Director of the Bartol Research Foundation, Franklin Institute, 
who gave an interesting lecture on ‘‘The Earth’s Electric 
Charge." At the close of his lecture, Dr. Swann consented to 
answer the questions which might be asked and considerable 
time was spent in explaining a number of points which were 
brought up by many in the audience. 


TUESDAY MORNING 


The technical session on Tuesday morning was under the 
auspices of the Committee on Power Generation, W. S. Gorsuch, 
Chairman, and the subject of the meeting was Interconnection 
and its effect on power development. 

The session comprised four papers on various phases of inter- 
eonneetion by W. C. L. Eglin, W. E. Mitchell, P. M. Downing 
and H. B. Gear. Following the presentation of these papers a 
number of written discussions were presented by Messrs. A. C. 
Marshall, James Lyman, Farley Osgood, E. C. Stone, L. W. W. 
Morrow, W. S. Lee, C. F. Hirshfeld, F. A. Allner, with closures 
by N. E. Funk,,W. E. Mitchell and H. B. Gear. The whole 
session formed & valuable symposium on the subject of Inter- 
eonneetion and the papers and discussions in full will appear in 
an early issue of the Quarterly TRANSACTIONS. 


TUESDAY AFTERNOON 

The session on Tuesday afternoon was on a variety of mis- 
cellaneous subjects and Mr. H. P. Charlesworth, Chairman of 
the Meetings and Papers Committee presided. 

The first paper, The Saturation Permeameter, by S. L. Gokhale, 
was presented by the author and was discussed by Messrs. 
Kouwenhoven and Lippelt with closure by Mr. Gokhale. 

The next paper was entitled Manufacture and Magnetic 


Propertses of Compressed Powdered Permalloy, by W. J. Shackel- - 


ton and I. G. Barber. It was presented by Mr. Barber, who 


illustrated his remarks with a number of lantern slides. The 
paper was discussed by Messrs. Jewett, Gherardi, Behrend, 
Fondiller and Herzog, with closure by Mr. Shackelton. 

The next paper, The Effect of Humidity on Dry Flashover 
Potential of Pin-Type Insulators, by W. W. Shaver and J. T. 
Littleton, Jr., was presented by Mr. Shaver and discussed by 
Messrs. E. B. Clark and Harding. 

The last item of this session was a lecture by Dr. Harold 
Norinder, of Upsala, Sweden, who spoke on the subject of the 
“Cathode Oscillograph as Used in the Study of Lightning and 
Other Surges on Transmission Lines." Dr. Norinder’s lecture 
was illustrated with a large number of lantern slides, and the 
discussion was by Messrs. Roper and McEachron. 


TursDAY EVENING 


SMOKER 

A very congenial evening was spent by the 600 present at the | 
Smoker held on Tuesday, February 14, in the Belvedere Room 
of the Hotel Astor. 

H. A. Kidder, the toastmaster, introduced in succession the 
Radio Tramp; a burlesque wrestling match; and the principal 
speaker of the evening, Strickland Gillilan, a humorist who 
created much laughter. Enjoyable music was furnished by the 
Brooklyn Edison Orchestra. The evening closed with a buffet 
supper. 

WEDNESDAY MORNING 


The morning session on Wednesday was held under the 
auspices of the Electrical Machinery Committee, Mr. F. D. 
Newbury, Chairman, Presiding. Three papers dealing with 
synchronous machines were first presented as follows: 

Synchronous Machines—I V, by R. E. Doherty and C. A. Nickle. 

Calculation of Armature Reactance of Synchronous Machines, 
by P. L. Alger. 

Reactances of Synchronous Machines, by R. H. Park and B. L. 
Robertson. 

These papers brought forth quite a voluminous discussion by 
Messrs. Kennelly, Lindner, Behrend, Treat, Lyon, Dawson, 
Hobart, Spencer, Shand, Henderson, Doherty and Park. 

The last paper in the session, The Thermal Volume Meter, 
by G. W. Penney and C. J. Fechheimer was abstracted by Mr. 
Penney, and discussed by Messrs. Hobart, Dawson, Armadroid, 
Barns, Fechheimer closing the discussion. 


WEDNESDAY AFTERNOON 


The technical session on Electrical Machinery continued 
Wednesday afternoon with four papers. Two of these were 
presented; first, Recent Improvements in Turbine Generators, 
by S. L. Henderson and C. R. Soderberg, and Design and Appli- 
cation of Two-Pole Synchronous .Motors, by Messrs. D. W. 
McLenegan and I. H. Summers. A long discussion followed by 
Messrs. Foster, Behrend, Ross, Roth, Field, Merten, Owen, 
Williamson, Henderson, Soderberg, Summers and MeLenegan. 

The next two papers were then presented: Effect of Transient 
Conditions on Application of D. C. Compound Motors, by L. R. 
Ludwig, and Heat Losses in the Conductors of a D. C. Armature, 
by W. V. Lyon, E. Wayne and M. L. Henderson. The discus- 
sion which followed was by Messrs. Henderson, Park, Franklin, 
Behrend, Ludwig and Lyon. 


WEDNESDAY EVENING 


Wednesday evening was devoted to the presentation of the 
John Fritz Medal to General John J. Carty and the Edison 
Medal to Dr. W. D. Coolidge. . Preceding the medal presenta- 
tions, a dinner was given by the Institute to the medalists at the 
Engineers’ Club, attended by more than fifty, including past 
medalists, members of the John Fritz and Edison Medal Boards 
of Awards, the presidents and secretaries of the Founder Socie- 
ties, and members of the Board of Directors of the Institute. A 
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full account of the medal presentations is printed elsewhere in 
this issue of the JOURNAL. 


THurspaYy MORNING 


This session, which was held under the auspices of the Com- 
mittee on Communications, included as its main feature the joint 
session with the British Institution of Electrical Engineers in 
London by means of transatlantic telephony, the technical and 
operating features of which were discussed before the joint 
meeting in papers presented by O. B. Blackwell and K. W. 
Waterson. Also, a motion picture ‘‘Voices Across the Sea,” 
was shown. The film gave an insight into the principles in- 
volved, the apparatus required, and the routes that were followed 
in the combined land and transoeeanie communication channels 
utilized for carrying out the joint session. A full account of the 
joint session itself is printed elsewhere in this issue of the 
JOURNAL. 

Following the international meeting an intermission of ten 
minutes intervened, after which the meeting was ealled to 
order by Chairman Drake and the following paper was presented: 


Loudspeakers of High Efficiency and Load Capacity, was the 
title of the paper presented by Mr. Hanna, who followed the 
presentation with a demonstration of a loudspeaker installed on 
the platform. A number of phonograph records were repro- 
duced through this loudspeaker which gave a volume of sound 
quite out of proportion to the size of the engineering auditorium. 
This paper was discussed by Messrs. Fletcher, Kennelly and 
Jones, with a closure by Mr. Hanna. 


The last paper in the session was entitled Certain Topics in 
Telegraph Transmission Theory, by H. Nyquist, and was pre- 
sented in abstract by the author. As Mr. Nyquist’s paper was 
of a type difficult to discuss orally, the Chairman advised that 
anyone prepared to discuss the paper should submit a written 
discussion. The meeting then adjourned. 


THURSDAY AFTERNOON 


Thursday afternoon was devoted to inspection trips, of which 
there was a great variety, fifteen separate trips being scheduled. 
A large number of visitors, however, took advantage of each of 
these trips. The Board of Directors also held its regular monthly 
meeting on Thursday afternoon. A brief resume is printed 
elsewhere in this issue. 


THURSDAY EVENING 


The annual Dinner Dance was held on Thursday evening in the 
Grand Ball Room of the Hotel Astor. The dinner was served at 
7:30 and from 9:00 o’clock on, the seven hundred guests enjoyed 
dancing to the musie furnished by the WEAF Vagabonds. 


Fripay MORNING 


The technical session on Friday morning was held under the 
auspices of the Committee on Protective Devices, Mr. F. L. 
Hunt, Chairman. In the absence of Mr. Hunt, who was unable 
to attend, Mr. H. R. Summerhayes presided. 


The first paper was by Mr. O. J. Rotty, on Automatic Control 
of Edison Systems. This was discussed by Messrs. Antoniono, 
Liehtenberg, Summerhayes, Hough and Wallau, with elosure by 
the author. 


The next paper, Protection of Supervisory Control Lines Against 
Overvoltage, by Mr. Edward Beck, was abstraeted by the author 
and discussed by Messrs. Floyd, Lichtenberg, Antoniono, with 
closure by Mr. Beck. 


1926 Lightning Experience on 132- Kv. Transmission Lines, by 
Philip Sporn, was next presented by the author and diseussed by 
Messrs. Kates, Austin, and Vineent, with closure by Mr. Sporn. 

The next paper, Vacuum-Tube Synchronizing Equipment, by 
T. A. E. Belt and N. Hoard, was presented by Mr. Belt, who 
illustrated his presentation by means of motion picture films. 

The last paper in the session, Use of Condenser Type Bushing 
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in Synchronizing, by E. E. Spracklen, D. E. Marshall and 
P. O. Langguth, was presented by Mr. Marshall. Discussion 
followed by Messrs. Eby and Crumley with closure by Mr. 
P. O. Langguth. 


FRIDAY AFTERNOON 


The final technieal session of the Convention was on Friday 
afternoon, the subjeet being Are Welding and the papers were pre- 
sented under the auspices of the Committee on Electric Welding, 
Mr. J. C. Lincoln, Chairman, presiding. 

Mr. J. B. Green presented his subject by means of lantern 
slides and motion pictures. His paper was entitled, Effects of 
Surface Materials on Metallic Arc-Welding Electrodes, and 
described some research work which had been carried out by the 
author, covering quite a long period of time. Mr. Green’s paper 
brought forth quite a large number of questions, which he 
answered at considerable length. The discussion was by Messrs. 
Morgan, Hobart, Lincoln, Wood, Gilmeyer, Dressler and Candy. 


The next paper on the Influence of Surrounding Atmosphere 
on the Arc, by Mr. P. Alexander, was abstracted by the author 
and discussed by Messrs. Thomson, Herzog, Keel, Sheffer with 
closure by Mr. Alexander. 


At the close of this discussion Chairman Lincoln exhibited 
apparatus which he had prepared, illustrating a phenomenon 
which had not been put in practical use, but which seemed to be 
of interest with regard to what happened in the are which was 
exhibited. This experimental demonstration was discussed by 
Messrs. Churehward, Lampe, Thomson and the Chairman. 


Next followed a paper by Mr. A. M. Candy on Arc Welded 
Structures and Bridges. This was discussed by Mr. Edwards. 


The final paper of the Convention, Welding and Manufacturing 
of Large Electrical Appnratus, was then presented by its author, 
Mr. A. P. Wood. This paper was discussed by Messrs. New- 
bury, Barns, and Owens, after which a rather general discussion 
on are welding ensued. 


At the close of this discussion Mr. Charlesworth took the Chair 
and after a few brief remarks declared the Convention adjourned. 


Summer School for Engineering Teachers 


The Summer School for Engineering Teachers which was 
established by the Society for the Promotion of Engineering 
Education in 1927 is to continue its sessions during the coming 
summer. Two schools will be held: one for teachers of physics 
and the other for teachers of electrical engineering. As in 1927, 
when mechanics was the subject studied, the purpose will be to 
study the principles and methods of teaching rather than to 
review actual content of subject matter. 


The session on the teaching of physics will be held at the 
Massachusetts Institute of Technology under the directorship of 
Dr. S. W. Stratton, President of the Institute. The session on 
electrical engineering will be held at Pittsburgh under the joint 
auspices of the University of Pittsburgh and the Westinghouse 
Electric and Manufacturing Company. Dr. F. L. Bishop of the 
University of Pittsburgh, Secretary of the Society for the Promo- 
tion of Engineering Education and Professor Charles F. Scott of 
Yale University, Chairman of the Society’s Board of Investiga- 
tion and Coordination will serve as Co-directors of the Pittsburgh 
session of the School. Professor H. P. Hammond, Associate 
Direetor of the Society's Investigation of Engineering Education 
is in general charge of the Sehool. Both sessions will be of 
three weeks duration and will begin shortly after July 4. The 
success of the work in 1927, when it was necessary to restrict the 
enrollment because of the number of applieants, indicates that 
the sessions of 1928 will be well attended. The Society makes a 
nominal charge of ten dollars, as a registration fee. "The schools 
are open to teachers of engineering students from any oollege or 
technieal school in the United States or Canada. 
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Joint Session With the British Institution of Electrical Engineers 


WING to the deep significance and historic value of the joint session with the British Institution of Electrical Engineers held 
during the midwinter convention through the medium of transatlantic telephony, the proceedings of this meeting are pub- 


lished herewith in full. 


Preliminary to the joint session, a paper was presented by Mr. O. B. Blackwell discussing the technieal problems involved in 
transatlantic telephony. Following Mr. Blackwell’s remarks, Mr. K. W. Waterson outlined the operating problem of this service. 


Both of these papers will appear in a future issue of the JOURNAL. 


At the close of Mr. Waterson's address, President Gherardi called 


upon Mr. Charlesworth to say a few words in regard to the meeting in London and to arrange for the joint session. 


Mr. CHARLESWORTH: Mr. President, Members and Guests: 
Before proceeding with the joint session with our associates in the 
British Institution of Eleetrieal Engineers, I wish to say just a few 
words coneerning their London meeting in order to help you to 
visualize the nature and significance of our joint session. 

Our British associates are assembled in the auditorium of the 
Institution of Electrical Engineers Building located on the 
Victorian Embankment. The time is about three-thirty in the 
afternoon. "Their meeting ineludes their President, Archibald 
Page, Chief Engineer of Central Electricity Board, their Vice- 
President, Colonel Purves, Engineer in Chief of the British Post 
Office, the full Council of the Institution, members, and invited 
guests from all parts of Great Britain, men prominent in all 
branches of the eleetrieal industry. As in the ease of our own 
meeting here, a separate auditorium has been equipped with loud- 
speakers to provide for an overflow meeting. The same film 
which you saw earlier this morning has been shown. 

Through the medium of developments which have been made 
in electrical communication, we are in effect to wipe out the great 
distance which separates the meeting places of our two societies, 
and to come together in a joint session in which our respective 
Presidents may exchange greetings in our behalf and in which 
other distinguished representatives of our two societies may take 
part. By means of the loudspeakers, we shall all be able to hear 
these proceedings as though we were all located in one great 
auditorium. 

In order that you may further visualize the proceedings taking 
place in London and those who will address us, I shall ask that 
their pictures be thrown on the screen. (At this point portraits 
of Mr. Archibald Page, Colonel Purves and Sir Oliver Lodge were 
shown.) 

Colonel Purves has just finished making a statement to his 
associates concerning our meeting here in New York. 

I shall now speak to Colonel Lee. who is at the telephone.in 
London, and we shall than proceed with our joint session. 

Good morning, Colonel Lee. 

CorLoNEÉr LEE: Good afternoon, Mr. Charlesworth. 

Mr. CHARLESWORTH: Are we ready to proceed with our joint 
session, Colonel Lee? 

CoroNEL LEE: We are, Mr. Charlesworth. 

Mr. CHARLESWORTH: I shall hand the telephone to Mr. 
Bancroft Gherardi, President of the American Institute of 
Electrical Engineers. 

CoLoNEL LEE: I shall also hand the telephone to Mr. Archibald 
Page, President of the British Institution of Electrical Engineers. 

Mr. GHERARDI: Good morning, Mr. Page. 

Mr. Pace: Good afternoon, Mr. Gherardi. 

Mr. GHERARDI: Mr. Page, it would give us the greatest 
pleasure and satisfaction if, as the President of the Institution of 
Electrical Engineers which was founded in 1871, thirteen years 
before the founding of our Institute here, you would aet as 
Chairman of this joint meeting. 

CHAIRMAN Pace: Thank you, Mr. Gherardi. I regard it as a 
great honor to be asked to take the chair on this historic occasion. 
It is also a gracious compliment to our Institution, and in accept- 
ing, which I do gladly, I desire to thank you, Mr. President, and 
the members of the American Institute of Electrical Engineers 
most heartily. I welcome all present at the meeting now in 
session, and venture to predict that the proceedings will prove 


exceedingly interesting and likely to live not only in our memor- 
ies, but to be quoted by succeeding generations of electrical 
engineers as marking an important milestone in the advancement 
of electrical science. I am sure I interpret the desire of those 
assembled if I request Mr. Gheradi to address us, which I now do. 

Mr. GHERARpt: Mr. President and Members of the Institu- 
tion of Electrical Engineers: On behalf of the American Institute 
of Electrical Engineers, I extend to you greetings and our best 
wishes. i 

We are meeting here in New York at our Winter 
Convention. In the auditorium of the Engineering Societies 
Building in New York City, from which I am speaking, there 
are assembled about one thousand members of our organization 
from all parts of the United States, from Canada, and from other 
parts of the New World. Arrangements have also been made for 
an overflow meeting and several hundred are there assembled, 
and, by means of the loudspeakers, are able to hear all that takes 
place at these proceedings. 

It is with the greatest satisfaction that, as a result of the 
accumulated work of the scientist, the inventor, and the electrical 
engineer, it is possible for us to hold this joint meeting—the first 
of its kind. It is with feelings of deep appreciation and respect 
that we think of the men who have exemplified the ideals of your 
organization—Faraday, Maxwell, Kelvin,—and of the many 
others, past and present, who have contributed to electrical 
engineering and to the scientific foundations upon which it rests. 
These developments have been notable and have contributed in 
the greatest degree to the welfare of mankind. One of these 
developments is the art of electrical communication—the electric 
telegraph and the telephone. These have made communication 
independent of transportation and no longer subject to all of its 
difficulties and delays. By the telephone, distance has not only 
been annihilated, but communication by means of the spoken 
word has become possible. Starting in 1876 with instruments 
and lines which with difficulty permitted communication over 
distances limited to a few miles, the telephone art has been 
improved year by year until continents have been spanned and 


„at last even the limitations of the Atlantic Ocean have been 


overcome, and today telephone conversation between the two 
great capitals of the English-speaking world is a reality. We 
are gratified that transatlantic communication has made this 
meeting possible; it has added one more to the many ties existing 
between our two institutions and has added still another oppor- 
tunity for friendly communication between us. 

CHAIRMAN Pace: Mr. Gherardi and Gentlemen: (I should 
add also Ladies, as we have a few of the fair sex with us here in 
London this afternoon) Please regard me for the time being, not as 
Chairman but rather as representing the thirteen thousand 
members of the Institution of Electrical Engineers. My first 
desire is to thank you, sir, for your most kind message of good- 
will to us all. In turn, we hail the President and members of the 
American Institute of Electrical Engineers with feelings of the 
utmost warmth and of everything included in the term good 
comradeship. 

Owing to the hour at which it has been necessary to hold this 
meeting falling within the period when the bulk of our members 
have to be on duty elsewhere, we have perforee had to content 
ourselves with a smaller gathering in London than that composing 
your convention. It is, however, of a thoroughly representative 
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character, consisting of specially invited distinguished guests, 
the Council of the Institution, many of whom have traveled 
long distances to be present, and a large percentage of the 
members of our wireless section. 

The telephone must rank as one of the greatest inventions of 
the nineteenth century and it has transformed the daily life of 
all civilized people. Our indebtedness to Graham Bell for the 
boon he has conferred upon us increases with the years, and his 
memory, along with that of Franklin and Henry, will be cherished 
as becomes such benefactors of mankind. It would indeed be a 
gigantic task to attempt to exhaust the list of those of your 
society who have contributed so largely to the progress of 
electrical science, and I must content myself by paying tribute 
to a great institution which has given proof time and again that 
engineering is truly international. It cannot be questioned 
that we are living in a period of extraordinary change due to 
scientific discovery, and in no field has the advance been more 
marked than in that of the communication engineering. The 
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a part in the development work which has made this occasion 
possible. 

Colonel Purves and Mr. Gherardi will remember, and the rest of 
you will be interested to know, that in London, more than a year 
ago when we were engaged in final considerations preliminary to 
the opening of commercial transatlantie telephony, we discussed 
the details of just such a meeting as this. That our discussion 
should have been serious and not a pleasant mental diversion at a 
time when the channels of communication were not in operation 
is a striking evidence of the sound basis which underlies present- 
day electrical engineering. The fact that we saw and appraised 
the many obstacles to be overcome did not in the least diminish 
the assurance with which we talked of and planned for a distant 
event. 

While, therefore, the present occasion is highly gratifying to the 
engineers whose work had made it possible, it is in no sense a 
surprise. 

The success of this occasion is significant also in that it is the 


TRANSATLANTIC CONVENTION— PRESIDENT OF THE A. I. E..E. ADDRESSING THE I. E. E. iN LONDON By RADIO. 


Lert to HRiaHT: 


STANDING, K. W. Waterson, O. B. BLACKWELL AND PRESIDENT GHERARDI; SEATED, 


H. P. CHARLESWORTH, GEN. Jonn J. Carty AND Dr. F. B. JEwerr 


commercial radio services thus placed at our disposal assure . 


eloser and closer association between the English-speaking races, 
new spice is added to life and bonds of friendship materially 
strengthened. I rejoice that our two institutions can combine 
in the future even more effectively than in the past and that this 
is the outcome of the splendid work done in one of the branches 
of our own profession. | 

I shall now resume my chairmanship and call upon Dr. 
Jewett to speak. 

Dr. F. B. Jewett: Mr. Chairman, Mr. Gherardi, and fellow 
members of the Institution of Electrical Engineers and of the 
American Institute of Electrical Engineers: The opportunity 
which this occasion offers .of addressing jointly two widely 
separated groups of engineers who, in times past, I have ad- 
dressed vis-a-vis, in London and New York, affords me the live- 
liest satisfaction. 

I am gratified to participate in an event which marks both a 
notable advance in electrical communication and a pioneer 
demonstration of a wider use for electrical communication. 

I am frankly pleased that in common with numerous associates 
on both sides of the Atlantic, it has been my good fortune to play 


tangible evidence of a cooperation both intimate and full between 
men 80 situated as to make cooperation difficult. On behalf of 
my associates in America, I salute our associates in England. 
CHAIRMAN Pace: I have now great pleasure in calling upon 
Colonel Purves, Vice-President of the Institution of Electrical 
Engineers, and Engineer-in-Chief of the British Post Office. 
CoLoNEL Purves: Mr. President, Mr. Gherardi, Dr. Jewett and 
Gentlemen: It is an honor and a privilege to be associated with 
this notable event, which one can justly feel is breaking new 


‘ground in the advance of nations towards closer relationship. It 


is a great thing that two large assemblies separated by wide ex- 
panses of ocean ean join together as we are doing now, and 
interehange their thoughts and ideas by the simple and 
natural medium of direct speech to a combined audience. It 
opens up the prospects of results which thrill the imaginat‘on, 
and which are bound to be beneficient, and to conduce, by the 
way of clearer and mutual understanding, to the good of mankind. 

On this first occasion it is inevitable to the many professional 
interests which our two institutions share and which we should 
dearly like to talk over with each other should be pushed a little 
into the baekground, and that we should find ourselves preoocu- 


Mar. 1928 


pied mainly with the wonder of the thing itself. At our meeting 
here in London, we have just been shown a motion picture which 
illustrates in a very vivid and interesting way the initiation 
and progress of a transatlantic telephone conversation between 
San Francisco on the Pacific Ocean and Plymouth in Old Eng- 
land. We were not yet able to place it simultaneously before 
the eyes of you who are sitting there in New York, but some of 
you, at least, have seen it already. The greater part of it was 
made on your side, and I have to thank your President very 
heartily for letting us have the completed film. It helps one to 
recall and to visualize the »emarkable series of new electrical 
developments, most of those things of only yesterday, which have 
combined to make this event possible. The radio art has given 
us its essential basic principles and the high power amplifying 
tubes, which over here we call valves. Long distance tele- 
phony has contributed a host of new devices which are equally 
essential. Specialized broadcast has given us the loud speaking 
receiver. As we sit and talk to each other our speech is launched 
into the air by the radio transmitting stations at Rugby and at 
Rocky Point with an electric-magnetic wave energy of more than 
two hundred horsepower, and I may add, the combined effect 
of the various refinements and special devices included in the 
transmitting and receiving systems is to make the speech 
efficiency of each unit of this power many thousands of times 
greater than that of an equivalent amount of power radiated by 
an ordinary broadcasting station. Many further improvements 
are being studied. 

I should like to express the feelings of great personal pleasure 
with which I am listening to the voices of my old and valued 
friends of the American Telephone and Telegraph Company, Mr. 
Gherardi, Dr. Jewett and General Carty, and to assure them and 
their colleagues both on my own behalf and on behalf of the 
engineering staff of the British Post Office, that the increased 
opportunities of cooperation with them which the development of 
the transatlantic telephone system has afforded us, are appre- 
ciated in a very high degree. We have to thank them for much 
helpful counsel in this and in many other matters and we look 
forward with great pleasure to a continuance of our close asso- 
ciation with them on the long road forward, over which we still 
have to travel together. 


- CHAIRMAN Pacae: We are delighted to have with us in New 
York General John J. Carty, Vice-President of the American 
Telephone and Telegraph Company and Past-President of the 
American Institute of Electrical Engineers. It gives me great 
pleasure indeed to have this opportunity to congratulate General 
Carty on the presentation which he received last evening, of the 
John Fritz Medal. This was presented to him by the National 
Engineering Societies of the United States for his outstanding 
achievements in the engineering field. General Carty is widely 
regarded as the doyen, or to be more correct, the dean of the 
telephone engineering profession, and we shall be glad if he will 
say a few words and propose a resolution on the subject of our 
joint meeting. 

GENERAL Jonn J. Carty: Mr. Chairman, I wish to thank 
you most sincerely for your very kind references to me and to the 
medal which it was my privilege to receive last night. 


The deep significance and very great importance of this meet- 
ing which is being held today is appreciated by all of our members 
present, who are gathered from all parts of the United States. 
The far-reaching effect of this meeting in strengthening the 
already powerful bonds which unite the two societies will be hard 
to forget. I know that I express the deep feeling of all present 
when I say how greatly we are impressed with the eloquent 
speeches which we have heard from our London colleagues, and 
as I eould not add anything to what has already been said, 
I should like to have the privilege of offering the following 
resolution: 
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Wuereas, On this sixteenth day of February, 1928, the members of the 
Institution of Electrical Engineers assembled in London, and the members 
of the American Institute of Electrical Engineers assembled in New York, 
have held, through the instrumentality of the transatlantic telephone, a 
joint meeting at which those in attendance in both cities were able to 
participate in the proceedings and hear all that was said, although the two 
gatherings were separated by the Atlantic Ocean; and as this meeting, 
the first of its kind, has been rendered possible by engineering develop- 
ments in the application of electricity to communication by telephone: 
therefore, 


Br Ir Resotvep, That this meeting wishes to express its feelings of 
deep satisfaction that, by the electrical transmission of the spoken word, 
these two national societies have been brought together in this new form of 
International assembly, which should prove to be à powerful agency in the 
increase of good-will and understanding among the nations; and 


Be Ir FunTHER RxsorLvgp, That a record of this epoch-making event 
be inscribed in the minutes of each society. 


This is the end of my resolution, Mr. Chairman. 


CHAIRMAN Pace: Sir Oliver Lodge, who needs no introduo- 
tion, is sitting beside me, and I have asked him to second the 
motion. 


Sır Ouiver Lopae: Mr. Chairman, I think it very kind of 
you and the Council to allow me to take part in this important 
occasion, to send greetings to our many American friends. 


It is surely right and fitting that a record of the transmission of 
human speech across the Atlantic be placed upon the minutes 
of those societies whose members have been most instrumental 
in making such an achievement possible, and I second the 
proposal that has been just made from Ameriea. 


All those who in any degree have contributed to such a result, 
from Maxwell and Hertz downwards, including all past members 
of the old British Society of Telegraph Engineers, will rejoice 
at this further development of the power of long distance com- 
munieation. Many causes have contributed to make it pos- 
sible. That speech is transmissible at all is due to the invention 
of the telephone. That speech can be transmitted by ether 
waves is due to the invention of the valve and the harnessing of 
electrons for that purpose. That ether waves are constrained 
by the atmosphere to follow the curvature of the earth’s surface 
is an unexpected bonus on the part of Providence, such as is 
sometimes vouchsafed in furtherance of human effort. The 
actual achievement of today at which we rejoice and which 
posterity will utilize must be credited to the enthusiastic coopera- 
tion owing to the scientific and engineering skill of many workers 
in the background whose names are not familiar to the public 
as well as to those who are well known. 


The union and permanent friendliness of all branches of the 
English-speaking race, now let us hope more firmly established 
than ever, is an asset of incalculable value to the whole humanity. 
Let no words of hostility be ever spoken. 


CHAIRMAN Page: Gentlemen, you have heard the motion 
proposed by General Carty and seconded by Sir Oliver Lodge. 
I now put it to the joint meeting. Those in favor say “aye.” 
(Response of “ayes” clearly heard by all.) ‘‘Contrary. (Dead 
silence.) Itis carried unanimously. 

I suggest, Mr. Gherardi, that we now adjourn the meeting. I 
feel that it has been eminently successful and that we should 
regard it as the forerunner of many more to come. 


Mr. GHerarpi: Mr. Page, before you adjourn the meeting, 
I should like to take this opportunity to thank you for the 
gracious manner in which you have acted as Chairman of this 
meeting, the first of its kind that ever has beenheld. We, on 
this side, send you our good-bye greetings and consent to the 
adjournment of the meeting. 


CHAIRMAN Pacae: President Gherardi, I am exceedingly 
obliged to you for the kind words which you have just spoken. 

That is all the business, gentlemen. The meeting is now 
adjourned. Good-bye New York. 
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Medal Presentations 


Edison Medal 


One of the most impressive and enjoyable funetions of the 
Winter Convention was the dual medal presentations which took 
place on Wednesday evening, February 15th. The ceremonies 
were witnessed by an audience that filled the Engineering Audi- 
torium to capacity, and seated on the platform were many of the 
well-known leaders in the engineering profession, several of them 
former Edison medalists. The presentation of the Edison Medal 
to Dr. W. D. Coolidge was followed by the presentation of the 
John Fritz Medal to General John J. Carty, Baneroft Gherardi, 
President of the A. I. E. E. presided during the first ceremony. 

President Gherardi spoke as follows: 


There is a happy combination of sentiment and justice in this occasion 
when their merits call us together to bestow the marks of our esteem upon 
the same men that we equally delight to honor with our affection. 

There are no higher awards which can be made by engineers to fellow 
engineers than the medals which are to be presented this evening. The 
Edison Medal was founded by a group of the associates and friends of 
Thomas A. Edison to commemorate the achievements of a quarter of a 
century in the art of electrical engineering with which Edison had been so 
prominently identified. To this end, the group established a gold medal 
which could serve in the words of the deed of gift, "as an honorable 
Incentive to scientists, engineers and artisans to maintain by their works the 
high standard of accomplishment set by the illustrious man by whose 
name the medal is known." The award is made by the American Institute 
of Electrical Engineers acting through its Edison Medal Committee com- 
posed of twenty-four members. But one award is made each year and the 
deed of gift specifles that it shall be to someone resident in the United 
States or Canada for meritorious achievement in electrical science, electrical 
engineering or the electric arts. The first award was made in 1909 to 
Dr. Elihu Thomson and we are honored by his presence this evening. 
Among the others to whom the medal has been awarded are: Dr. Sprague, 
General Carty, Dr. Pupin, Mr. Chesney and Dr. Lieb, who are with us this 
evening. By unanimous action of the Edison Medal Committee in 
December of last year, the medal was awarded to William D. Coolidge and 
I now have the pleasure of calling upon Dr. Michael Pupin, Chairman of the 
Edison Medal Committee, a past President of the American Institute of 
Electrical Engineers, a distinguished scientist, educator, author and 
inventor. and the Edison Medalist of 1920, to tell us of the achievements of 
Dr. Coolidge. 


Dr. Pupin in alluding to the achievements of Dr. Coolidge 
called attention to the wonderful results of physics and its 
engineering branches which form & permanent exhibit in New 
York and all the large cities of the world. The electric lighting, 
subways and telephone systems are only & part of this permanent 
exhibition of engineering and the whole terrestrial globe is their 
exhibition ground. Continuing, he said: 


This evening we are honoring two men who have many wonderful 
exhibits in this permanent exhibition of the science of physics and of its 
engineering branches. These exhibits are so universally known and 
appreciated that they need no specially prepared explanatory and eulogistic 
catalogue. This occasion calls for some illustrations. I shall describe 
some of them; President Gherardi will describe several others. 

The science and the art of incandescent lighting are as perfect as human 
ingenuity can make them; in every nook and corner of our daily life they 
are as familiar as our daily bread. Fifty years ago Edison became their 
happy father; this evening he is rejoicing that his medal of honor will be 
conferred upon a man who has contributed a giant share to the bringing up 
of his favorite children. Who can look upon the heavenly light of the 
tungsten fllament or listen to the eloquence of the radio tube without 
blessing the name of the man whom we are decorating this evening with the 
Edison Medal? 

Many of us remember still the vagaries of the X-ray tube of thirty-two 
years ago. Today it is an instrument of precision that can be handled with 
ease by the most awkward medical practitioner. It is fool-proof. This 
instrument of precision created by the acumen of tlie man whom we are 
honoring this evening has brought relief to millions of sutfering human 
beings. The magic of his cathode tube is driving into the atmosphere a 
countless host of electrons running a close race with a beam of light. They 
will make radium blush with envy and will perhaps unlock nature's trea- 
sures where many a precious secret awaits the guiding genius of man. 

The story of his achievements is much longer, but what I have already 
said explains sufficiently the homage which we are paying to him this 
evening. 

When Lindbergh landed in Paris he said to the waiting crowd: "My 
name is Charles Lindbergh." His name had traveled ahead of him and its 
simple announcement thrilled the crowd as it was never thrilled before. 


A similar thrill is in store for us this evening. The fame of the Edison 
medalist for 1927 has been in our minds for many years, and'he will now 
Step before you and announce! I am William D. Coolidge. 


At the conclusion of Dr. Pupin's remarks President Gherardi 
presented the Edison Medal and certificate of award to Dr. 
Coolidge ''for his contributions to the incandescent lighting and 
the X-ray arts.” 

In responding, Dr. Coolidge said: 


Allow me to express my keen appreciation of the great honor which you 
have conferred upon me. I take an added pleasure in the possession of the 
Edison Medal because of the fact that so much of my work has been done 
in fields first plowed by Mr. Edison. 

I wish to thank Dr. Pupin for all of the nice things which he has said 
about me and about the work on which the award was based. Let me 
hasten to add, however, that I couldn't possibly accept them for myself 
alone, but must share them with many others, without whose assistance the 
work could not have been done. 

Foremost among these let me mention Dr. W. R. Whitney, to whose 
vision, optimism, courage, unselfishness and high ideals we owe both the 
form and the spirit of our research organization. 

Next I must mention Dr. E. W. Rice, Jr., and Mr. A. G. Davis, both of 
whom were always ready with active sympathy and wise counsel. 

Then I must pay my tribute to Mr. George F. Morrison and Mr. John 
W. Howell, who brought to us the hearty cooperation of our incandescent 
lamp organization. 

In the medical X-ray fleld, we owe much to the many Roentgenologists 
whose close cooperation with us made possible the development of tools 
adapted to their needs. 

To those already mentioned I must add the entire staff of our research 
organization, almost every one of whom contributed something. 

Allow me, then, as spokesman for all these, to thank you, Mr. President. 
and the American Institute of Electrical Engineers for your generous 
recognition of our work and for this beautiful symbol of that recognition. 


Dr. Coolidge then gave a short address on the “Use of Very 
High Voltage in Vacuum Tubes” which is printed on page 212 
of this issue. 


John F =e Medal 


The presentation of the John Fritz medal to General John J. 
Carty at the Winter Convention of the A. I. E. E. followed 
immediately after the Edison Medal presentation on Wednesday, 
February 15th. Mr. J. V. W. Reynders, Chairman of the 
Board of Award, occupied the chair and addressed the meeting as 
follows: 


Let me first of all on behalf of the Board of Award of the John Fritz 
Medal express our appreciation of the hospitality that is being extended to 
us on this occasion by the American Institute of Electrical Engineers. It 
is a happy occasion when the Founders' Societies are enabled to meet as they 
do on this occasion and to find themselves in close contact and to also find 
themselves in the position for closer cooperation. 

* + 9* + + >+ 

As we contemplate the bestowal of the John Fritz Medal year after year 
on men of wide-world distinction in the various fields of engineering, men 
who in one way or another have given impulse and direction to the progress 
of mankind, the question becomes interesting as to what manner of man was 
John Fritz and what were the qualities that singled out his name to be so 
conspicuously associated with the world's great scientific and industrial 
achievements. 

If, as Lowell said. it is the duty of the nation to produce great men, our 
country surely rose to her opportunity when she guided and guarded the 
career of John Fritz Starting life as a blacksmith with no advantages of 
education, without influential friends or the favoring accidents of fortune, he 
advanced steadily in usefulness, power and respect of his fellow men until by 
common consent he occupied the first place in the domain of the steel 
industry of this country. ‘The numerous honorary scientific memberships 
conferred upon him in this country and abroad attest the esteem in which 
he is held ky his fellow engineers. "Twenty years after his retirement from 
active business at the age of seventy, he lived to enjoy, as few men have 
been permitted to do, the fame aud the friendships which he had so amply 
earned. His sterner qualities of industry, integrity and sterling character 
were relieved by unfailing human sympathy, humor and spontaneous good - 
will toward his fellow men. To all who worked with John Fritz, he was 
known as tho “fold man,” that unmistakable title of leadership. 

More than a quarter of a century has elapsed since that memorable 
occasion when the medal we are here gathered to confer was first instituted. 
I have given you a few abbreviated quotations only from the notable 
speeches that were delivered on that occasion. It was but natural under 
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the circumstances that referencesh ould be made to the remarkable changes 
which occurred during the active lifetime of John Fritz, the transition from 
wrought iron to Bessemer steel, making possible the extension of trans- 
continental railway systems, the change from Bessemer to open hearth 
steel, which transformed steel making from a melting to a refining operation, 
and so forth. 2 

+» è kx + c» c 

Professor Elihu Thompson was the representative of electrica! engineering 
who spoke at the John Fritz dinner of 1902. He then inquired in what 
direction did America lead the world first. In electrical engineering. Then 
after referring to the enormous growth and development of the electrical 
field, he graciously acknowledged that in the end it all leads back to the 
iron master. He demonstrated how electrical science had revolutionized 
lighting, power, industry, transportation, and even metallurgy. He dimly 
foresees the possibilities of wireless transmission in these words: ‘‘Now we 
are, as it were, on the threshhold of this development. Within a few years 
we have had a most surprising development in the way of transmission of 
signals for long distances. We have seized upon an atmosphere not of air 
but of that something which is within the air and which fills all space and 
makes it the means of communication.” 

To have attempted to prophesy beyond such guarded limits would have 
risked one’s reputation for sound judgment, and yet we are faced with 
accomplished facts which are probably unprecedented in the application of 
scientific research to practise. Of all the revolutionary changes that eleg- 
tricity has brought about, none has been so effective in changing our manner 
and speed of conducting every activity of human existence as the develop- 
ments in the field of telephony. It is not my purpose, nor is it in my prov- 
ince to anticipate those that are to follow, beyond a brief allusion beyond 
that unrivaled example which is comprised in the American telephone 
system. Unconsciously we pay a tribute to its perfection when we display 
irritation if we fail to get our connection inside of the space of thirty seconds. 

Dr. Jewett, in the course of the discussion of our Board, outlined the 
policy prescribed by the recipient of this year's John Fritz Medal at a time 
when telephony was yet in the stateof chaos. Long before the present state 
of communication could be foreseen, General Carty outlined as the domin- 
ant rule that all new construction must be carried out in à manner that 
presupposed the ability uitimately to connect every user anywhere with 
any other user throughout the territory of the United States. "This 
implied as a prerequisite uniformity in all matters affecting not only 
equipment, including the various elements of power, motors, dynamos, 
batteries. and so forth, but also uniform practise in operation such as the 
maintenance of constant voltages between limits. "These considerations, 
obvious as they may seem asan accomplished fact, involve conviction born 
of large vision and willingness to make large financial sacrifices to insure the 
ultimate end. The results of General Carty's vision constitute one of our 
great national assets contributing as no other single instrumentality 
has done to the effectiveness of our national enterprise. What he has 
accomplished on such a broad and liberal scale is a source of pride to all 
Americans and above all to his fellow engineers. 

The names of former recipients of the John Fritz Medal in the electrical 
field include those of Kelvin, Bell, Edison, Thompson, Marconi and Adams. 
It is a grateful privilege to be able to add to this distinguished list on behalf 
of my fellow members of the Board of Award and of the engineering 
profession which they represent, the name of General John J. Carty. 


Chairman Reynders then called upon Bancroft Gherardi, who 
had been associated with the medalist for 33 years, to tell 
something of General Carty's aecomplishment in the develop- 
ment of the telephone industry. Mr. Gherardi responded as 
follows: 


In 1879, only three years after Alexander Graham Bell had flrst publicly 
demonstrated his telephone invention, a young man eighteen years of age 
who had prepared for Harvard but was prevented from continuing scholastic 
work by temporary impairment of his eyesight, entered the employ of the 
Bell Telephone Company in Boston. 

It is difficult, if not impossible. for any of us now to visualize the tele- 
phone problem of that time and the conditions under which it had to be 
approached by the telephone pioneers of that day. Much of our scientiflc 
knowledge of today had not been discovered; there were no schools of 
electrical engineering to provide trained personnel; the American Institute 
of Electrical Engineers was not to be founded until flve years later; there 
were no sources of electrical energy except primary batteries and magneto 
generators: no adequate theories of the transmission of electric currents 
over wires; no commercial applications of electricity except the electric 
telezraph and the infant telephone art. At that time there were in the 
whole of these United States fewer telephones than are to be found today 
in East Orange, and it was impossible to talk over distances greater than & 
few miles. 

Practically nothing had been done and few of the essentials to the attain- 
ment of our present telephone system were known. But there was a small 
group of men of vision and of courage, confldent of the possibilities of the 
telephone and determined that it should attain the future that they saw for 
itin their dreams. One of these was John J. Carty. 

To tell the story of his life and of his contributions is to teli a very large 
part of the scientific, technical and engineering development of the tele- 
phone art, not only in this country but for the whole world. After early 
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experience in the design, construction, maintenance and operation of 
telephone systems in and around Boston and with the Western Electric 
Company in New York City, Carty in 1889 became the Chief Engineer of 
the New York Telephone Company. In that position he was responsible 
for the technical problems of the city which is telephonically the greatest 
in the world and where new problems are most likely to arise. In 1907 
he became Chief Engineer of the American Telephone & Telegraph Com- 
pany, the parent company of the Bell System. At the outbreak of the War 
he was ordered to active duty as a Major in the Signal Corps of the United 
States Army. He saw active service in France and rapidly rose to the rank 
of Brigadier General. Since his return from France in 1919 he has been 
Vice President of the American Telephone & Telegraph Company. These, 
briefly, are the positions which he has held: What did he do with the 
opportunities which they offered? 

His personal contributions to the telephone art have been notable. 
He designed and itstalled the first multiple switchboard which contained 
the fundamental features of common battery signaling, and later was the 
first to show how to operate two or more telephone transmitters from a 
single source of electric supply. These together constitute the foundation 
of the common battery system of today essential to every large telephone 
switchboard, whether automatic or manual. 

From the start of the telephone business one of the difficulties which had 
to be met was to prevent induction between closely adjacent telephone 
circuits, the result of which would be that speech taking place in any one of 
the circuits could be overheard in all. Closely related to this problem has 
been that of minimizing external inductive disturbances—those that come 
from electric currents in other than telephone circuits, and from atmo- 
spheric or earth currents. Ata time when but little was known on these 
subjects, Carty made an important scientific investigation of their nature 
and set forth the view that under many conditions these disturbances 
were electrostatic and not electromagnetic in character. This view was so 
novel that it was not generally accepted until it had been checked and 
verified by others, but It was soon recognized as correct and served as a guide 
to much essentíal work in the minimizing of these disturbances. "This work 
of Carty's made it possible to give scientific treatment to the twisted-paltr 
&nd transposition problems and laid the foundation for the keeping of 
inductive disturbances within limits that permitted the development of the 
industry. : 

Early telephone systems followed the usual telegraph practise of placing 
telephone instruments, including the signaling devices, in series in the line. 
The result of this arrangement— when there were several instruments on the 
same line—was to impair telephone transmission seriously and to interfere 
with satisfactory signaling. It placed severe limitations upon the number 
of telephones which might be connected to a single line. Carty's scientific 
study of this question led him to the conclusion that the instruments should 
be placed in parallel and not in series, and should be re-designed so that t he 
signaling apparatus would have high impedance. This invention is con- 
monly known as 'Carty's bridging bell." It removed many of the dif- 
ficulties which had formerly imposed serious limitations on the develop- 
ment of the business, and made the party line and the rural subscriber's line 
a possibility. 

Carty prepared the plans and immediately directed the work of con- 
verting the New York City telephone plant from open wire to cable, and 
later from the local battery switchboard system to the common battery 
system, at a time when the general development of the art was such that 
almost every move required invention, development and enginecring along 
new lines. 

If we were to take out of the present telephone system those things— 
a few only of which I have mentioned—which John J. Carty personally 
devised and contributed to the art, essential elements would have been 
removed and in many important respects the system would no longer be 
operative. This is some measure of Carty's individual achievements. 

But he had qualities not always found in men of individual creative 
genius. He had therare ability to organize progress as well as to contribute 
to it himself. As the telephone system grew and its problems multiplied in 
number and complexity, Carty early recognized that the work to be done 
required the development of a technical organization, and he was first in 
the telephone operating companies to employ technically-trained college 
graduates and to devote systematic attention to their training both in a 
thorough knowledge of the telephone system and in the correct principles of 
engineering. 

No one who has ever worked in close cooperation with Carty for any 
considerable length of time can forget the frequency with which he asked the 
question What are the facts?" and the emphasis which he laid on tt, or 
the importance that he attached to studying all possible solutions of a 
problem and ascertaining which was the best, taking into account all rele- 
vant factors including first cost, annual charges, service, and flexibility and 
adaptability to growth and expansion. 

He recognized the inter-relationship in the telephone business of operating 
methods, the design of the plant, the rate structure which would largely 
determine the volume and character of the telephones to be served if the 
system was to give the best possible, the most extended and tne cheapest 
telephone service. He had in mind that all of these factors must be con- 
sidered in their relations one to the other and their relation to tho final 
result. Always was his engineering dominated by this consideration for the 
final result, not alone immediately but for the years ahead. 

His methods not only developed telephone systems and service along 
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sound and effective lines, but he has always been a great developer of 
people. He inspired them to give the best that was in them; he taught 
them to do better; and was always lenient to their shortcomings, and both 
constructive and kindly in criticism. His influence on others extended far 
beyond those working directly for him. All who had contact with him 
felt the power of his keen analytical mind, his breadth of vision, his sense of 
justice, and his kindly disposition. 

The nature of Carty's early contributions to the telephone art showed his 
clear appreciation of the importance of scientific knowledge to the under- 
standing of telephone problems. When he became Chief Engineer of the 
American Telephone & Telegraph Company in 1907 he was in a position to 
do so and he immediately consolidated all of the telephone laboratories and 
experimental] work, which up to that time had been scattered both as to 
location and executive control, into & single organization. which is now 
known as the Bell Telephone Laboratories. He greatly increased the 
number of scientists engaged upon this work. Of the many fundamental 
contributions which have resulted from this arrangement, I shall mention 
but two. He initiated and pushed to a successful conclusion the work 
necessary to make transcontinental telephony possible. Through its 
applications, telephone service has been extended to tie together not only 
every state of our Union, but to bring into the range of telephonic communi- 
cation Canada, Cuba and Mexico. He likewise inspired and directed the 
work which resulted in the sending of the first articulate words across the 
Atlantic Ocean by radio telephony, and continued this work until today the 
barrier of the Atlantic Ocean has been overcome and commercial telephone 
service between the old world and the new is a daily fact. Already four 
nations of the new world can communicate telephonically with Great Britain 
and four nations of the Continent of Europe, and it is not too much to 
believe that through the further extension of these developments all of the 
principal nations of the world may be brought into communication by the 
spoken word. 

This organization of research and development was not only a service to 
the telephone art; it was a notable contribution to our present-day American 
civilization, for the organization of science to lead industrial progress now 
common in many industries received a tremendous impetus from Carty's 
work in the organization of the laboratories of the Bell System and in the 
obvious value of its accomplishments. It is in recognition of Carty's 
vision and achievements along these lines that he is a trustee of the Carnegie 
Institution and of the Carnegie Foundation, a trustee of New York Uni- 
versity, a member of the National Research Council, and associated with 
other organizations whoee object is the advancement of science and the 
applying of these advances to the welfare of mankind. 

Until 1917 Carty's genius was devoted to the arts of peace. Then our 
country was plunged into the World War and it became the duty of every 
American citizen and organization to contribute their all to the successful 
outcome of the War. Recognizing the importance of communication and 
Carty's pre-eminent position in relation thereto, our Government which had 
previously commissioned him a Major in the Reserve Signal Corps 
of the Army ordered him to active duty. He devoted to the Signal Corps 
problem that same judgment, skill and knowledge which had produced 
such outstanding resulta in civil life, and largely through his efforts the 
resources of the nation’s telephone personnel, laboratories, manufactures 
and supplies were brought to bear upon the problems of the War and in 
such a way as not to cripple the communication on the home front which 
must also continue to function. In June 1918 he was ordered to France 
where he was one of the principal staff officers of the Chief Signal Officer of 
the American Expeditionary Forces. After the Armistice he remained in 
France for a time in charge of the communications of the American Com- 
mission to negotiate peace. In recognition of his services in the Army he 
received from our Government the Distinguished Service Medal and from 
France the Cross of the Legion of Honor. 

General John J. Carty, who comes to us this evening in order that we may 
bestow upon him a token of the appreciation in which his distinguished 
achievements are heid by his fellow engineers represented by the four 
national engineering societies, is— 

The creator of telephone engineering; 

The discoverer or inventor of many essential methods and devices; 

The organizer and director for many years of the Bell System technical 
and engineering work: 

The father of the application of scientific research to the telephone art; 

The director of the development of transcontinental and transoceanic 
telephony: 

A pioneer in advocating scientific research in industry; 

A leader in the application of the developments of electrical communica- 
tion—which he had such an important part in creating—to the national 
defense in the hour of our country's need; 

The dean of telephone engineers. 


At the close of Mr. Gherardi’s remarks the John Fritz medal 
and certificate of award were presented to General Carty by 
Robert Ridgway, chairman of the Board when the award was 
made, who stated that the John Fritz Medal Board of Award 
representing the four Founder Societies had by unanimous vote 
awarded its medal to General Carty ‘‘for pioneer achievement in 
telephone engineering and in the development of scientific 
research in the telephone art.” 
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General Carty in responding expressed his high appreciation 
of the honor which was bestowed upon him and gave a highly 
interesting address on the ideals of the engineer, which is pub- 
lished on page 210 of this issue of the JOURNAL. 


A. L. E. E. Directors’ Meeting 


The regular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at Institute head- 
quarters, New York, on Thursday, February 16, 1928. 

There were present: President Bancroft Gherardi, New York 
City; Vice-Presidents H. M. Hobart, Schenectady, N. Y.; 
B. G. Jamieson, Chicago, Ill.; G. L. Knight, Brooklyn, N. Y.; 
A. E. Bettis, Kansas City, Mo.; O. J. Ferguson, Lincoln, Neb.; 
E. R. Northmore, Los Angeles, Calif.; J. L. Beaver, Bethlehem, 
Pa.; A. B. Cooper, Toronto, Ont.; C. O. Bickelhaupt, Atlanta, 
Ga.; Managers John B. Whitehead, Baltimore, Md.; J. M. 
Bryant, Austin, Tex.; H. A. Kidder, New York City; I. B. 
Moultrop, Boston, Mass.; H. C. Don Carlos, Toronto, Ont.; 
F. J. Chesterman, Pittsburgh, Pa.; F. C. Hanker, East Pitts- 
burgh, Pa.; E. B. Meyer, Newark, N. J.; National Secretary 
F. L. Hutchinson, New York City. 

The minutes of the Directors’ meeting of December 16, 1927, 
were approved. 

A minute was adopted in memory of Dr. W. C. L. Eglin, 
former Manager and Vice-President of the Institute, who died 
on February 7, 1928. 

Reports were presented of meetings of the Board of Examiners 
held January 18 and February 8, 1928; and upon the recom- 
mendation of the Board of Examiners the following actions were 


‘taken: 297 applicants were elected to the grade of Associate; 


9 applicants were elected to the grade of Member; 29 applicants 
were transferred to the grade of Member; 3 applicants were 
transferred to the grade of Fellow. 

The Board ratified approval by the Finance Committee for 
payment, of monthly bills amounting to $27,277.23. 

In accordance with Section 22 of the Constitution, the fol- 
lowing were made ‘‘Members for Life’’ by remission of future 
dues: Henry W. Blake, H. Doyer, A. L. Rohrer, Charles F. 
Scott, and I. E. Winslow. 

Approval by the Executive Committee of proposed constitu- 
tional &mendments for submission to the membership for letter 
ballot, was ratified. 

Approval was given to the suggestion that arrangements be 
made with a tourist agency to conduct a trip for members and 
guests of the Institute from points in the eastern part of the 
United States, and along the route, to the 1928 Summer Con- 
vention in Denver, June 25-29, followed by & trip through the 
Yellowstone Park. 

Consideration was given to & suggested form of combined 
annual report of Sections and Branches, which was approved for 
printing and distribution prior to the Section Delegates’ Con- 
ference, at Denver, in June. 

Authorization was given for the affiliation of Brown Engineer- 
ing Society, & student engineering society of Brown University, 
as an "Affiliated Society,” in accordance with Section 59A of the 
Institute by-laws. 

In accordance with recommendations of the Standards Com- 
mittee, the following aetions were taken: 

Decided to take no action on communications received advo- 
cating the adoption of a revised calendar of thirteen months of 
twenty-eight days each; 

Authorized the cancellation of the definition of the word 
“substation” in the present Standards, inasmuch as the present 
definition as applied to the traction art is apparently not com- 
prehensive of the commonly and properly understood meaning 
of the word “substation,” and pending the report of a sub- 
committee which is working on a series of definitions of ''sub- 
station” as an exposition of the understanding of the word in 
different fields; . 
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Approved as an Institute Standards, revised Standards for 
Storage Batteries (No. 36); and 

Approved material prepared by the Power Generation Com- 
mittee for inclusion in the A. 8. M. E. Test Codes. 

Approval was given to & report of the Special Committee on 
Lamme Medal, which included approval of the obverse of the 
medal and execution of agreement with the sculptor. 

The following Institute representatives on the U. S. National 
Committee of the International Electrotechnical Commission 
were appointed, to serve until the next Plenary Meeting of the 
I. E. C.: Messrs. E. W. Allen, L. W. Chubb, W. A. Del Mar, Gano 
Dunn, B. Gherardi, H. M. Hobart, D. C. Jackson, F. B. Jewett, 
A. E. Kennelly, H. A. Kidder, J. W. Lieb, F. V. Magalhaes, 
C. O. Mailloux, William McClellan, E. B. Meyer, J. F. Meyer, 
F. D. Newbury, H. S. Osborne, Farley Osgood, F. W. Peek, 
E. W. Rice, Jr., L. T. Robinson, D. W. Roper, C. H. Sharp, 
C. E. Skinner, W. I. Sliehter, A. R. Stevenson, Jr., N. W. 
Storer, and Elihu Thomson. 

Upon request, the Board approved the admission to member- 
ship in the American Engineering Standards Committee of the 
Automatic Sprinkler Association, and independent membership 
of the American Gas Association. 

The President was authorized to appoint representatives of 
the Institute to attend the dedication ceremonies of the Louvain 
Memorial, July 4, 1928. 

Other matters of importance were discussed, reference to which 
may be found in this and future issues of the JouRNAL. 


The Louvain Memorial 


On 4th July 1928, 48 gold stars will shine in the four clock 
dials of the new Louvain Library and from its belfry the 48 
bells in its carillon representing engineers in each of our 48 
states and territories will vibrate the music of America, as well 
as that of Belgium and other countries, in memory of the 
hundreds of engineers of the United States who gave their lives 
in the Great War for the defense of freedom 1914-1918. 

The memorial library building given by the Americans, and 
the Engineers’ Memorial clock and carillon, will be dedicated 
with impressive ceremonies on Independence Day. All engineers 
from the United States who expect to be in Europe next summer 
are urged to plan their travels so as to be in Louvain to participate 
in the dedication. There are available steamers direct to Ant- 
werp and by other routes. 

One party is planning to go on the Lapland (Red Star Line) 
sailing from New York June 23 and due in Antwerp 2nd July, 
returning from Antwerp July 6th and from Southampton July 7th, 
due in New York July 15th. Passage should be engaged without 
delay. Address Mr. V. C. Short, agent of the Red Star Line, at 
One Broadway, New York, for further information. 

For the accommodation of engineers and friends who, for one 
reason or another, did not find it possible to contribute to the 
fund before February lst (the limit set in the first invitation), 
the time has been extended because the Committee desires the 
memorial to be as representative as possible. However, early 
responses will be appreciated, as the Committee plans to record 
the names of all donors in a beautiful memorial volume to be 
suitably placed in Louvain Library. Remittances in any 
amount from one dollar to five thousand, may be sent to United 
Engineering Society, at 29 West 39th Street, New York. 

The Memorial Committee also requests assistance in making 
as complete as possible its Honor Roll of the Engineers who gave 
their lives in any service of the United States or its allies in the 
Great War 1914-1918, overseas, on the seas, or in this country. 
Lists from regimental or other military or naval veteran organiza- 
tions are especially desired, together with their contributions 
to the fund. Arrangements may be made to have names of 
deceased members recorded in the memorial volume in groups 
under the names of the organizations. Several such units have 
already been enrolled and have contributed. Others are invited. 
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Arrangements will be made for additions to the memorial record 
of all acceptable names received within a reasonable time. 
Engineers’ Memorial Committee 

George W. Fuller, Representing American Society of Civil 
Engineers; Arthur S. Dwight, Representing American Institute of 
Mining and Metallurgical Engineers; Charles M. Schwab, 
Representing American Society of Mechanical Engineers; 
Arthur W. Berresford, Representing American Institute of 
Electrical Engineers; George Gibbs, Representing United Engi- 
neering Society; Edward Dean Adams, Chairman, Representing 
Engineering Foundation and Engineering Societies Library. 


Washington Award Presentation 1928 ; 


On Thursday, February 2, the Washington Award for 1928 was 
presented to Dr. Michael I. Pupin, Past-President of the Ameri- 
can Institute of Electrical Engineers, at a banquet held at the 
Palmer House, Chicago. 

The Washington Award, presented annually ‘‘to an engineer 
whose work in some special instance or whose services in general 
have been noteworthy of merit in promoting publie good”, is the 
result of a Foundation formed in 1916 by John W. Alvord, a no- 
table Civil Engineer and & Past-President of the Western Society 
of Engineers. The award is administered by a commission con- 
sisting of 17 members, nine of whom are from the Western Society 
of Engineers and two members each from the A. S. C E., A. I. 
M. & M. E., A. S. M. E. and A. I. E. E. The chairman of the 
1928 Award Commission is R. F. Schuchardt, member of the 
Western Society of Engineers and a Fellow of the A. I. E. E. 

The Washington Award Commission feels that in honoring 
Dr. Pupin, it has honored itself as well. 

President Gherardi spoke of the life and work of Dr. Pupin, 
both as an admirer and a co-worker for many years in the 
commercial development of the loading coil. For Dr. Pupin the 
award read: "In recognition of preeminent service in advancing 
human progress through engineering it is conferred in the year 
1928 upon Michael Idvorsky Pupin for devotion to Scientific 
research leading to his inventions which have materially aided 
the development of long distance telephony and radio 
broadcasting.” 

Dr. Pupin’s response was, in part, as follows: 

“My greatest pleasure in accepting this award is in the hope 
that it will prove an inspiration to the youth of Serbia and show 
them what a poor Serbian boy can do in this land of 
opportunity.” 

Dr. A. N. Talbot delivered greetings to the recipient from the 
American Society of Civil Engineers, Dr. William Kelly for the 
American Institute of Mining and Metallurgical Engineers, 
John Lyle Harrington for the American Society of Mechanical 
Engineers, and President Gherardi for the American Institute of 
Electrical Engineers. 


International Illumination Congress 


In September 1928 there will be held in America, an Inter- 
national Illumination Congress. Arrangements are being made 
under the auspices of the Illuminating Engineering Society and 
the United States National Committee of the International 
Commission on Illumination. The Congress will be featured by 

1. Tour to Points of Lighting Interest in the northeastern 
part of the country. 

2. Attendance at the Annual Convention of the Illuminating 

Engineering Society at Toronto. 

3. Plenary Meeting of the International Commission on 
Illumination. 

The occasion for the Congress is the Plenary Meeting of the 
International Commission on Illumination. This will be the 
eighth meeting of the Commission. At the 1927 meeting in 
Italy, eleven countries were represented by delegations of 
lighting men. It is expected that at the meeting in America 
there will be an even more represen tative attendance. 
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Proposed Letter Symbols for Electrical 
Quantities 

A special committee of the Sectional Committee on Scientific 
and Engineering Symbols and Abbreviations, for which the 
Institute is one of the five joint sponsors, has prepared the 
following tentative list of letter symbols for electrical quantities. 
The Sectional Committee has definitely limited its field to 
symbols and abbreviations, specifically excluding definitions. 

The Standards Committee of the Institute will issue a revision 
of the Report on Standard Definitions (No. 2, August 1927) and 
in that revision of the report will include a revision of Table No. 
301, paragraph 3604, on Symbols and Abbreviations (1922 edition 
of the Institute Standards). This table is omitted in the August 
1927, edition of Report No. 2. It is hoped to make the Sectional 
Committee list and the Standards Committee list in Report No. 2 
as nearly identical as possible. The difference will be that the 
A. I. E. E. list will contain columns headed “Unit” and ‘‘Ab- 


breviation for the Unit," which will not appear in the Sectional 
Committee list. 


In the following list of symbols two additional eolumns giving 
the 1922 A. I. E. E. symbols and the International Electro- 
technical Commission list are included. These columns will 
not appear in the final drafts of either list. 


Criticism and comments are invited, and should be sent to 
H. E. Farrer, Secretary, Standards Committee, A. I. E. E., 
33 West 39th Street, New York, N. Y., or to J. Franklin Meyer, 
Chairman, Sectional Committee, Bureau of Standards, 
Washington, D. C. 


PROPOSED LETTER SYMBOLS FOR ELECTRICAL 


QUANTITIES Symbols as given 
by 
Proposed Name and Abbre. A.I.E.E. I. E.O. 
Name of Quantity Symbol  viation of Unit (1922) No. 27 
. Admittance.......... Yy mho Yy 
Angular frequency . 
Angular velocity .. ) o radians per second w=2rf w=27K 
Capacitance.......... C farad f C C 
Capacity, electrostatic 
(see capacitance)... C farad f C C 
microfarad u f 
Conductance......... g mho G 
Conductivity........ š Y mho per centimeter g 
mho/cm. Y 
Current.............. l.i ampere amp. I.i I 
Current density*. .... i ampere per unit | 
area 
Difference of potential, 
electric (see electro- 
motive force and 
voltage)............ E,e volt o 
Dielectric constant.... eor K K € 
Dielectric flux......... Y coulomb 
Dielectric flux density. D coulomb per sq. cm. 
Efficiency............ 7 7 7 
Electric potential (see 
electromotive force 
and voltage)........ E,e volt v (V 
Electrical tension (see 
electromotive force 
and voltage)........ E, e volt v E,e 
or 
Vo 
Hlectromotive force 
(see also voltage).... E.e volt v E,e E 
Electrostatic capacity ` 
(see Capacitance). ... C C 
Electric intensity*..... e volt per cm. 
Electrostatic flux (see 
dielectric flux)...... V V 


Electrostatic flux den- 

sity (see dielectric 

flux density)........ D D D 
* Mee note 2. 
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Symbols as given 


by 
Proposed Nameand Abbre — A.LE.E. I.E.O 
Name of Quantity Symbol  viation of unit (1922) No. 27 
Energy (see work).... W foot-pound ft-lb. U w 
joule or 
watthour wh. Ww 


kilowatt-bour kwh. 
Flux density, electro- 
static (see dielectric 
flux density)........ D D B 
Flux density, magnetic 
(see magnetic flux 


density)............ B gauss B & B 
Frequency........... f cycles per second ~ f S 
Impedance........... Zz ohm Q Z,2 Z 
Inductance........... L henry A L 
Magnetic intensity.... H ampere-turn per in. 

gilbert per cm. 

ampere-turn per cm. H H 
Magnetic flux......... $ maxwell $ y > 
Magnetic flux density. B gauss BB B 
Magnetomotive force. . F gilbert 

, ampere-turn gy € 

Mutual inductance.... M henry h 

millihenry mh. M M 
Number of conductors 

or turns............ N N 
Permeability......... u ( =B/H) u =B/H s 
Permeance........... Q 
Permittance (see ca- 

pacitance).......... C 
Period............... T T 
Permittivity «(see di- 

electric constant)... Kore 
Phase displacement... e degree, radian 0 o 9 
Power............... P.p watt w 

kilowatt kw. 
horsepower hp. P.p P 
Quantity, electric.... Qa coulomb 
Quantity of electricity ampere-hour amp- Q. q Q 
hr. 

. Reactance............ Xr ohm Q X, z Xx 
Resistance........... Rr ohm Q Rr R 
Resistivity........... p ohm-centimeter 

ohm-cm. p p 
Reluctance........... a oersted S 
Reluctivity........... v (=1/p) 
Self-inductance....... L henry L L 
Susceptance.......... b mho b 
Speed of rotation...... n revolution per min. 
(sec) rpm (s) n 
Torque.............. T, D dyne-centimeter 
. pound-foot Ib-ft. 
Voltage.............. E.e volt v E, e 
or 
V, o 
Work (see energy\..... Ww erg 
foot-pound ft-lb. 
kilogram-meter kg-m W A 
Notes: 


1. Where a distinction between maximum, instantaneous and root 
mean square (effective) values is necessary, Em, Im. Pm; e, i, p; and B. I. 
P are recommended. 

2. In accordance with the practise in other branches of engineering. 
it is recommended that quantities per unit volume, area, length. etc., be 
represented as far as practicable by lower-case letters corresponding to the 
capitals which represent the total quantities. "This applies only in cases 
where specia! symbols for such unit quantities have not already come into 
general use and where confusion is not considered to be serious. In ac- 
cordance with this rule i and e are proposed for current density and electric 
intensity, respectively, in the belief that they will not commonly occur 
together with the instantaneous alternating current and voltage (note 1) 
and that, when they do, the latter may have a special indication, as the 
subscript /. 

3. In print, vector or complex quantities should be represented by 
bold-face letters. In typing, where it is not desired to distinguish Italics 
for Roman letters, underscoring may be used to indicate bold-face letters. 
(vectors). 

4. Forscript symbols, other special type may be used. 

5. The abbreviations 2 and ~ are recommended for use on diagrams 
after equations or tables, rather than in running text. 
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National Academy of Sciences 
Annual Meeting 


The Annual Meeting of the National Academy of Sciences 
will be held in Washington, April 23, 24, and 25, 1928. All 
members of the National Research Council are invited to attend 
the scientific sessions, April 23 and 24. It is hoped that chairmen 
of the Divisions and other members of the Council having un- 
published scientific results of unusual importance, which they 
would like to offer for this program, will promptly submit the 
titles with abstracts, and preferably manuscript, all in triplicate, 
before April 10. If lantern slides or films are to be exhibited, 
this should be noted when the title is transmitted. Programs of 
the scientific sessions will be mailed to all members of the 
National Research Council. Address David White, Home 
Secretary. Washington. 


Southern Virginia Section Holds Two-Day 
Joint Meeting 


A joint meeting of the Virginia membership of the A. I. E. E., 
A. S. C. E. and A. S. M. E. and of the Engineers Club of Hamp- 
ton Roads was held in the National Bank of Commerce Building, 
Hampton Roads, Va., January 20 and 21. 

The addresses and papers presented were as follows: 

Industrial Activities of Tidewater, Virginia, C. J. Calrow, 
Norfolk-Portsmouth Industrial Commission. 

The Industries of Virginia, W. S. Rodman, University of 
Virginia. 

The James, Nansemound and Chuckatuck River Bridges, by 
W. T. Ballard, The J. E. Greiner Co. and by H. P. Pope, Turner 
Construction Co. 

Introductory Remarks on Modern Communication, C. O. 
Bickelhaupt, So. Bell Telephone & Telegraph Co. 

Pictures by Telephone, C. A. Robinson, Chesapeake and 
Potomac Telephone Co. 

Television, Dr. Herbert E. Ives, Bell Telephone Laboratories. 

Transatlantic Telephony, H. P. Charlesworth, American Tele- 
phone and Telegraph Co. 

Election of officers was reported as follows: Chairman, W. S. 
Rodman; Secretary-Treasurer, J. S. Miller; Executive Com- 
mittee, G. C. Boyer and E. W. Husted. These officers were 
elected for one year beginning at this meeting. 

Inspection trips were made on the second day of the meeting. 
An a‘tendance of 108 was recorded at the largest session. 


Pittsburgh Section Holds Midwinter 
Meeting 


A midwinter meeting of the Pittsburgh Section of the Institute 
in conjunction with the Electrical Section of the Engineers 
Societies of Western Pennsylvania and the A. I. E. E. Branches 
of West Virginia University, Carnegie Institute of Technology 
and University of Pittsburgh was held in Pittsburgh on 
January 10. 

The Student Conference as reported on page 161 of the 
February JouRNAL was held in the afternoon and in the evening 
275 members and guests attended a dinner given in the Chamber 
of Commerce Building to Bancroft Gherardi, President of the 
Institute. This was followed by a reception and later address 
by President Gherardi on Trans-Atlantic Radio. 

A symposium was then presented on the following subject 
with scheduled speakers as indicated and discussion by several 
others. 

A-C Network Systems 

Engineering Aspecis, C. T. Sinclair, Byllesby Engineering 
and Management Corp. 

Operating Performance, H. R. Searing, United Electric Light 
and Power Co. 
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Columbia University Scholarships in 
Electrical Engineering 


The governing bodies of Cofumbia University have placed 
at the disposal of the American Institute of Electrical Engineers 
each year, a scholarship in Electrical Engineering in the Schools 
of Mines, Engineering, and Chemistry of Columbia University 
for each class. The scholarship pays $350 toward the annual 
tuition fees which vary from $340 to $360, according to the details 
of the course selected. Reappointment of the student to the 
scholarship for the completion of his course is conditioned upon 
the maintenance of a good standing in his work. 

To be eligible for the scholarship, the candidate reeommended 
will have to meet the regular admission requirements, in regard 
to which full information will be sent without charge upon 
application to the Secretary of the University or to the National 
Secretary of the Institute. 

In a letter addressed to the National Secretary of the Institute, 
an applicant for this scholarship should set forth his qualifica- 
tions (age, place of birth, education, reference to any other 
activities, such as athletics or working way through college, 
references and photograph). A committee composed of Messrs. 
W. I. Slichter, Francis Blossom, and H. C. Carpenter will con- 


sider the applications and will notify the authorities of Columbia 


University of their selection of a candidate. The last day for 
filing of applications for 1928-1929 will be June 1, 1928. 

The course at the Columbia Schools of Mines, Engineering, and 
Chemistry is three years in length and is on a graduate basis. 
A candidate for admission must have had something of a general 
education, including considerable work in mathematics, physics, 
and chemistry. Three years of preparatory work in a good 
college or scientific school should be sufficient if special attention 
has been given to the three preparatory subjects mentioned. 
A college graduate, with a Bachelor of Science degree in engineer- 
ing can generally qualify to advantage. The candidate is 
admitted on the basis of his previous collegiate record, and with- 
out undergoing special examinations. 

The purpose of this advanced course is to produce a high type 
of engineer, trained in the humanities as well as in the funda- 
mentals of his profession. It is hoped that enrolled students 
and others qualified will show a keen interest in this scholarship. 


Dr. Alexanderson Receives Ericsson Medal 


At the 40th anniversary banquet of the American Society of 
Swedish Engineers in New York, February 11 ‘‘for his outstand- 
ing contributions to the field of radio engineering," the John 
Ericsson medal was presented to Dr. E. F. W. Alexanderson, 
consulating engineer of the General Electric Company, chief 
engineer of the Radio Corporation of America and a Fellow 
of the Institute. 

The medal has been awarded but once before, when Dr. 
Svante Arrhenius, former head of the Nobel Institute and the 
first man to advance the theory of ionization, received it. This 
presentation was madein Washington at the time of the unveiling 
of the John Ericsson monument, which was attended by President 
Coolidge and the Crown Prince and Crown Princess of Sweden. 

Dr. Alexanderson, who holds more than 200 patents, recently 
demonstrated two of his more recent developments, a home 
television receiver and a device for receiving radio photographs 
in the home. 


Research Graduate Assistantships, 
University of Illinois 


To assist in the conduct of engineering research and to extend 
and strengthen the field of its graduate work in engineering, the 
University of Illinois maintains fourteen Research Graduate 
Assistantships in the Engineering Experiment Station. Two 
other such assistantships have been established under the 
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patronage of the Illinois Gas Association. These assistantships, 
for each of which there is an annual stipend of $600 and freedom 
from all fees except the matriculation and diploma fees, are open 
to graduates of approved American and foreign universities and 
technical schools who are prepared to undertake graduate study 
in engineering, physics, or applied chemistry. 

Appointment to the position of Research Graduate Assistant 
is made and must be accepted for two consecutive collegiate years 
of ten months each, at the expiration of which period, if all 
requirements have been met, the degree of Master of Science will 
be conferred. Half of the time of a Research Graduate Assistant 
(approximately 900 clock hours for each ten-month period) is 
required in connection with the work of the department to which 
he is assigned, the remainder being available for graduate study. 


Additional information may be obtained by addressing 
The Director, Engineering Experiment Station, University of 
Illinois, Urbana, Illinois. 
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ANNUAL REPORT 


The Board of Trustees (three from each of four societies) con- 
ducts the business committed to United Engineering Society by 
its Founder Societies under its charter, the Founder's Agreement 
and the Library Agreement. 


A draft of a budget of revenue and expenditures for the ensuing 
calendar year is presented each September to the Secretaries of 
the Founder Societies for the information and comment of their 
governing bodies. Each January, reports for the preceding 
calendar year by the President, the Treasurer, and the Finance 
Committee, and a financial statement of receipts and expendi- 
tures are sent to the office of each Founder Society. Reports are 
made also by Engineering Societies Library and Engineering 
Foundation. 

Engineering Societies Building is tax exempt. It is adminis- 
tered in the main on a cooperative basis and not for profit. 
For convenience, and with the aid of experience, assessments for 
the use of offices have been reduced to the form of rentals and 
those for use of the meeting halls to a schedule of charges. 
Offices not used by the Founder Societies and their joint organi- 
zations are allotted to Associate Societies. When the meeting 
halls are not in use by the Founder Societies, other patrons use 
them to the extent of the demand which it has been practicable to 
develop. Revenue from Associate Societies and from meeting 
halls reduces the burden upon the Founder Societies for mainte- 
nance, operation, and fixed charges on the building. To each 
Founder Society, interest at the rate of 4.8 per cent per annum 
is paid on its investment of $262,500 in the land and building, 
amounting to $12,600 a year. The building is maintained con- 
stantly in good condition and there is a Depreciation and Renewal 
Fund, a long-range budget provision against major repairs and 
renewals and the obsolescence of the structure above the founda- 
tions. Since it was dedicated in 1907, additions and improve- 
ments have been made to the building from time to time, the 
largest being that of three stories in 1916-17, when the Civil 
Engineers joined United Engineering Society. 

United Engineering Society also administers several trust 
funds for Engineering Foundation and Engineering Societies 
Library, and it is seeking a much needed increase of these endow- 
ments. In financial operations and management of the property, 
the Trustee have the services of trust companies as custodians 
for the funds and advisers in making investments, legal counsel, 
certified public accountants as auditors and a consulting architect. 


Following is an extract of the Annual Report of the Treasurer 
of the United Engineering Society for the year 1927: 
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SUMMARY 
OPERATION OF BUILDING 
Credit Balance January 1,1927................. eee $ 11,694.24 
Building Revenue 1927............ $ 134.945.82 i 
Building Expenditures 1927........ 115,962.32 18,983.50 
30,077.74 
Annual Payment to Dep. & Renewal 
Fünd a 4 des xe acis $ 12,000.00 
Part cost of Alterations, Basementa 
and 6th Floor.................. 11,346.39 23,346.39 
Credit Balance December 31,1927................ sonenn o $ 7,331.35 
OPERATION OF LIBRARY 
Maintenance Revenue............ 44,232.92 
Maintenance Expenditures........ 44,142.92 
Credit Balance Dec. 31, 1927.... 90.00 
Transferred from Service Bur. 
Balance........... cce een nn 470.14 560.14 
Deficit Dec. 31, 1926.......... 560 14 
Balance Dec. 31, 1927........... 0.00 
Service Bureau Revenue........... $ 20,782.76 
Service Bureau Expenditures and 
Adjustments................. 19,415.77 
Credit Balance Dec. 31, 1927.... 1,366.99 
Credit Balance Dec. 31, 1926.... 1,933.34 3300.33 
Transferred to Maintenance..... 470.14 
Net Credit Balance Dec. 31, 1927. $ 2.830.19 
FUNDS AND PROPERTY ¢ 
Funds held by U. E. 8. Dec. 31, 1927 (Book Value) 
Depreciation and Renewal..................... eee 208,058.03 
General Reserve............ 0c cece eee ete eee hat 7,500.00 
Engineering Foundation................. eee nn 504.536.77 
Henry R. Towne Engineering...................... ee 49,953.13 
Library Endowment.................. eee m nn 103,340.97 
Reserve for Depreciation of Capital of Library.......... 4,000.00 
Edward Dean Adams................. «een P" 100,000.00 
John Fritz Medal (U. E. S. Custodian)................ 3,500.00 
Louvain Memorial Subscriptions................ ees 12,345.48 
TR OURS esci cielo wis lee oe OE eee ee Ee 993,234.38 
Real Estate owned by U. E. S., cost to Dec. 31, 1927...... 1,973,410.42 
Operating cash and petty cash............... eere 9,785.95 
Accounts Receivable................ cc ee eee eens 3,259.74 
Value of Library (as appraised for insurance)............ 349,739.00 
Winchell Library Suspense Account............ esee 838.00 
Total Property for which U. E. S. is Trustee or Custodian. $3,330,267.49 
BALANCE SHEET 
ASSETS 
Real Estate 
LE Sor MP RT ee ae Ree ok POUR es $ 540,000.00 
Building. oe ota ee bow ee tees 1,376,239.26 
REquibment L4 e 5.945 bb eee EX NES 33,171.16 
Founders Preliminary expenses........... 24,000.00 $1.973.410.42 
Investments and Cash Uninvested 
Depreciation and Renewal Fund...................... 208,058.03 
General Reserve Fund. ................... eese 7.500.00 
Engineering Foundation Fund......................... 504.536.77 
Henry R. Towne Engineering Fund.................... 49,953.13 
Library Endowment Fund.............. 000 cee eee eee 103,340.97 
Reserve for Depreciation of Library Capital............. 4,000.00 
Edward Dean Adams Fund...................... esee 100,000.00 
Louvain Memorial Fund—Cash in bank.................. 12,345.48 
Operating cash and petty cash....... 2.0... 0. cc ee een 9,785.95 
Accountsreceivable.............. llle eee hh nn 3,259.74 
Winchell Library Suspense Account.................0..00005 838.00 
"DOUBT eese 1o hene Ay SX In pdf Se ea af o ees $2.977,028.49 
LIABILITIES 
Founders’ equity in property................eeee ern $1.973.410.42 
Depreciation and Renewal Fund........................ 208,058,03 
General Reserve Fund.................. cere 
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Henry R. Towne Engineering Fund..................... 49,953.13 
Library Endowment Fund....................... eere 103,340.97 
Reserve for Depreciation of Library Capital.............. 4,000.00 
Edward Dean Adams Fund..................... eese. 100,000.00 
Louvain Memorial Subscriptions.....................20. 12,345.48 
Louvain Expense Account (Balance on hand)............. 381.70 
Endowment Committee Expense (Balance on hand)....... 2,494.95 
Deposits on account hall rentals...................sus ss 306.50 
Deposits Library Service Bureau...................2-505 39.00 
Deferred Credit—Library—Associates Contribution....... 500.00 
Credit Balance in activity accounts....................... 10.161 54 


$2.977,028.49 
Respectfully submitted, 


JACOB S. LANGTHORN, 
Treasurer. 


Book Review 

THEORIE DER WECHSELSTROMUBERTRAGUNG (Theory of Al- 
ternating-Current Transmission) by Dr. Ing. Hans Grünholz, and 
published by Julius Springer, Berlin, 1928, 222 pages— 130 Il- 
lustrations, and 12 tables. The author has made a special study of 
the system of circle-diagram éurves relating to the alternating- 
current power-transmission circuit, in connection with his 
studies for the doctorate thesis, and also studies made in 1923 
on the design of the first 220-volt transmission line in Ger- 
many. Circle diagrams have been worked out and printed in 
the numerous illustrations of the book, with great care, for a 
number of particular cases. The book will have special interest 
for power transmission engineers. 


Obituary 

W. C. L. Eglin, Fellow of the Institute since 1912, president 
of the Franklin Institute for five terms, and an electrical engineer 
of widely recognized ability, died at the Jefferson Hospital, 
Philadelphia, Pa., February 7, 1928. Mr. Eglin was stricken 
while on a Carribean cruise. Born in Glasgow, Scotland, July 
14, 1870, he was educated in the Andersonian University of 
Glasgow and the West of Scotland Technological College. Asa 
youth he assisted Rankin Kennedy in his early experimental 
work on a-c. generators and transformers. He came to America 
in 1888 and the following year went to work for the Edison 
Eleetrie Light Company, which, in 1890 combined with others 
to form the Philadelphia Electric Company, of which Mr. Eglin 
was vice-president at the time of his death. The amalgamation 
of these engineering interests impelled the standardization and 
unification of power-plant equipment and distribution systems 
throughout the city, and Mr. Eglin was given charge of all this 
work. Five great steam-eleetrie plants were built under his 
direction and three years ago, he turned with equal facility to the 
planning of the hydroelectric plant on the Susquehanna River. 
(The combined ratings of these steam stations now amounts to 
575,000 kw., with 378,000 hp. to be added next fall by the Con- 
owingo system). Nor were Mr. Eglin's ambitions for himself 
alone; he was anxious to promote all educational and beneficial 
organizations for the ranks of his employees. In 1890 Mr. Eglin 
served at the International Engineering Congress, Paris, as & 
representative of the Engineers’ Club of Philadelphia and the 
Franklin Institute; the University of Pennsylvania, Swarth- 
more College and other institutions have eonferred honorary 
degrees upon him; he has contributed much to technical litera- 
ture, both in engineering papers and reports, as well as having 
delivered his leeture encouraging the promotion of electrical 
engineering, on ‘The Power Company and the Distribution of 
Electrical Energy," before the undergraduates of many colleges, 
and “The Personnel of the Industry” before the 1919 
convention of the Association of Edison Illuminating Com- 
panies, offering a plan of education and advancement appli- 
cable to all grades of men in the industry. Mr. Eglin was a 
member of the Edison Pioneers, the Illuminating Engineering 
Society, the American Electrochemical Society, and many other 
scientific and fraternal bodies. In his death, the world has lost 
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not only an eminent electrical engineer but .a man who was of 
wide general publie benefactor. Mr. Eglin served actively on 
various Institute Committees and also as its Manager 1903- 
1906 and Vice-president 1907-1909. 


The following minute to his memory was adopted by the 
Board of Directors at its February 16th meeting:— 


The death of Dr. William C. L. Eglin on February 7, 1928 was 
& great loss to the Institute and to the engineering world. 
Throughout the long period dating from the beginning of his 
membership in 1894, he served with marked distinetion and 
loyalty on many of our eommittees and as a Manager and a 
Vice-President. No eall to him for service ever went unheeded. 
No work was too arduous for him to undertake. To all of his 
committee assignments, he brought a vigorous enthusiasm, & 
resourcefulness, and a breadth of vision which were an inspiration 
to his coworkers. Few men were his peers in his chosen branch 
of the eleetrieal industry, of whieh he was one of the pioneers. 
The elose touch he maintained with the leading scientists of this 
eountry and Europe, combined with the viewpoint of & man of 
affairs, enabled him to contribute effectively to the advancement 
of electrical engineering. 

The Board of Directors, mindful of Dr. Eglin’s distinguished 
career and his adherence to the highest engineering ideals 
conveys to his family and associates its deep sympathy, an 
orders this minute spread upon the records. 


Augustus T. Holbrook, for several years sales manager of 
the Miniature Breaker Company, Ince., Long Island City, but 
for the past several months forced into retirement by ill health, 


died at the Flower Hospital January 12, 1928. Mr. Holbrook 


was born at Greenport, L. I., February 18, 1872, and after going 
through business college soon determined upon the electrical 
profession for a career. January 1, 1901, he joined the Westing- 
house Electric & Manufacturing Company, but the following 
year was transferred to the Nernst Lamp Company, of which he 
ultimately became manager for the New England States, with 
headquarters at Boston. His work in the electrical field was 
varied, but showed professional progress in all undertakings. To 
him is due a share of the credit for the development of the excess 
eurrent relay, upon which he worked with Mr. A. W. Burke of 
Philadelphia. Mr. Holbrook also contributed liberally to the 
literature of the National Eleetrie Light Association.: His late 
interests have been in the development of electrical appliances, 
and the promotion of electrical sales organizations. He became 
a member in 1921. 

James Wilfred Harris, late of Alfred Wiseman, Ltd., 
Mechanical and Electrical Engineers, Birmingham, England, 
died January 14. He was a native of Bilston Staffs, England, 
and was educated at King Edward’s School, Birmingham, 
followed by an electrical education at Meson’s and Tins- 
bury Colleges. For three years thereafter he studied in 
the shops and drafting room of an electrical construction com- 
pany, and for another two years was doing the actual construc- 
tion work for the same company on central stations and street 
railways, assisting in the equipment of the Liverpool overhead 
and Halifax Street Railways. Mr. Harris then went abroad, 
taking up work in some of the most important power plants in 
India, China, Japan and the Pacific Coast of America. For 12 
months he was shift engineer for the West Kootenay Power & 
Light Co., Bonnington Falls, B. C., and then joined the British 
Westinghouse Eleetrie & Mfg. Co., Ltd., at Pittsburgh, passing 
through the shops and tests and was sent over to Trefford Park 
to equip the works there with a power plant. Mr. Harris has 
been a member of the Institute since 1904. 

Johannes Johansen, chief operator of power and substations 
for the Fruitvale Power Station, Southern Pacific, died December 
26, 1927. In his death his company feels that they have lost a 
man whose value it is difficult to overestimate. Mr. Johansen 
was born and edueated in Denmark, but like many of his 
countrymen, left for political reasons. He eame to the States 
and with a well-traincd mind and earnestness of purpose which 
soon won for him the confidence and admiration of all those with 
whom he came in contact, he made steady progress. 
Medioerity had no place in his ealeulations and by dint of his 
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own hard labors, his ambitions carried him to success in all his 
undertakings. From 1891 to 1903, Mr. Johansen was with the 
Edison Electric Illuminating Company of Brooklyn, for the last 
six years of that period acting as District Foreman of Operation. 
He then became operator for the Interborough Company, New 
York, until 1905, and for the Port Morris Power Plant, New York 
Central Railroad Company until 1911, when he was appointed 
to the position which he held at the time of his death and in 
which he has rendered faithful and efficient service for nearly 
twenty years. Mr. Johansen’s friendliness and geniality knew 
no confines; all who knew him mourn his loss as a personal friend. 

Charles Vernier, chief engineer of The Macintosh Cable 
Company, Ltd., Walton, Liverpool, died January 9, 1928, of 
pneumonia, following a nervous breakdown. Born at London, 
April 15, 1877, he was educated there at the Regent Street Poly- 
technic and the City and Guilds of the London Technical College, 
Finsbury. He served an apprenticeship with Messrs. Reyrolle 
& Company, manufacturing electrical engineers of London and 
gained further experience with London firms on general engineer- 
ing and instrument work. He was electrician in charge of 
testing work with Brockie Pell Are-Lamp Company, London; 
assistant engineer on Mains work with the Cork Electric Tram- 
ways and Lighting Company under Charles H. Nerz and Col. W. 
McLellan; chief mains engineer with the Newcastle-on-Tyne 
Electric Supply and Associated Companies; and for 20 years had 


charge of the whole of the Newcastle Electric Supply Company; 


also, from the date of its absorption by them, of the Associated 
Companies’ mains constructions, repairs and maintenance 
work. His notable works were (1) the laying down of the first 
large 20,000-volt underground cable system in the world, in 
County Durham, England. This comprised, initially, 40 mi. 
of 20,000-volt three-core cable in 1906, with continuous exten- 
sions in that and adjoining counties in subsequent years; and 
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(2) the laying of the first 66,000-volt cables and 66,000-volt 
overhead transmission lines in Great Britain, the first of which 
were undertaken in 1923. Mr. Vernier was a very active 
member of the Institution of Electrical Engineers, having held 
many of its important executive offices and served on its Council 
from 1920 to 1923 with a career of high promise. He was elected 
a Fellow of the A. I. E. E., June 1927. 


Addresses Wanted 


A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Any member knowing the 
present address of any of these members is requested to communi- 
cate with the Secretary at 33 West 39th St., New York. 

All members are urged to notify Institute Headquarters 
promptly of any changes in mailing or business address, thus 
relieving the member of needless annoyance and assuring the 
prompt delivery of Institute mail, through the accuracy of our 
mailing records and the elimination of unnecessary expense for 
postage and clerical work: 


Sydney O. Clarke, 824 St. Nicholas Ave., New York, N. Y. 
J. H. Michelsen, Pacific Elec. Mfg. Co., San Francisco, Calif. 
N. O. C. Miller, 1406 E. Poplar St., Stockton, Calif. 

Henry C. B. Morris, 87 N. Munn Ave., East Orange, N. J. 
W. A. Nelson, 3800 Ravenswood Ave., Chicago, Ill. 

F. R. Reynolds, 1623 Wyoming Ave., Kingston, Pa. 

C. B. Rice, 81 Park Ave., New York, N. Y. 

Meade G. Spears, 9 Hancock St., Brooklyn, N. Y. 

P. Taylor, 122 W. 103rd St., c/o Guilfoyle, New York, N. Y. 
W m. W. Van Sant, 531 Elm St., Reading, Pa. 

Kurt Geo. Wendt, c/o Public Service Co., Kankakee, Ill. 
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Future Section Meetings 


Cleveland 
Joint meeting with Case Sehool of Applied Seienee Branch. 
March 22. 
Interconnection of Power Systems, by Philip Sporn, Elec. Engr., 
American Gas and Electric Co. April 19. 
Columbus 
Joint dinner meeting with Engineers’ Club of Columbus. 
March 23. 
Joint meeting and smoker with O. S. U. Branch. April 27. 


Erie 
Tendencies 1n Modern Transportation, by N. W. Storer, 
Westinghouse Electric & Mfg.Co. March 20. 
The Use of Mechanical Ideas in Electricity, by W. S. Franklin, 
Massachusetts Institute of Technology. April 17. 
Lynn 
The Grand Canyon. Southeastern Utah, the Zion and Bryce 
Canyons, by Randall Jones. Ladies’ Night. First M. E. 
Church; City Hall Square. March 7. 
Personal Reminiscences of Heaviside and Steinmetz, by Dr. 


E. J. Berg, Consulting Engr., Geno:;al Electric Co Annual 
Banquet. March 31. 
New York 
Lightning and Lightning Protection, by F. W. Peek, Jr., General 
Electric Co. March 22. 


Niagara Frontier 
Talking Movies, by L. T. Robinson, General Electric Co. 
March 30. 
System Insulation and Protection, by C. L. Fortescue, Westing- 
house Electric & Mfg. Co. April 20. 


Pittsburgh 
Vacuum Tube Applications. by T. A. E. Belt, General Electric 
Co. March 13. 
Arc Phenomena, by Dr. Joseph Slepian, Westinghouse Electric 
& Mfg.Co. April 10. 
Pittsfield 
Conditions in China, by Dr. Tehyi Hsieh. Masonic Temple. 
March 6. 
Power Transmission, by Philip Sporn, The American Gas 
and Electric Co. Stanley Club Rooms. March 24. 
Annual Dinner. Speaker: Charles Milton Newcomb. April 3. 
St. Louis 
Television, by Dr. H. E. Ives, Bell Telephone Laboratories. 
March 21. 
Arc Welding, by 
April 18. 


K. L. Hansen, Consulting Engineer. 
Sharon 

Meeting in Y. M. C. A. Auditorium, Youngstown, O. Ad- 
dresses and lantern slides. Inspection of 132-kv. substation. 
Transportation in P. & O. busses. March 6. 

Developments in Power Generation and Transmission, by F. C. 
Hanker, Westinghouse Electric & Mfg. Co. April 3. | 

Vancouver 
Railway Motors, by H. M. Lloyd. April 3. 


SECTION MEETINGS 
Atlanta 
Rid der of the Engineer, by W. E. Mitchell, Georgia Power 
0., aD 
Television, by Dr. H. E. Ives, Bell Telephone Laboratories. 
Illustrated. A dinner preceded the meeting. Joint with 
A.P.M.E. January 23. Attendance 220. 
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Chicago 
Regional Power Survey, by M. M. Fowler, General Electric Co., 
and P. B. Juhnke, Commonwealth Edison Co. October 31. 
Attendance 260. 
The Electric Arc, by Dr. Joseph Slepian, Westinghouse Electric 
& Mfg. Co. January 16. Attendance 180. 


Cincinnati 
Recent Problems in High-Voltage Interconnections in the East, b 
Prof. J. L. Beaver, Vice-President, District No. 2. Prof. 
Beaver also spoke on Institute affairs. A dinner preceded 
the meeting. January 12. Attendance 41. 


Cleveland 
Today's Science— Tomorrow's Engineering, by L. A. Hawkins, 
General Eleetrie Co. Motion pietures, entitled “Liquid 


Air" and "Beyond the Mieroseope," were shown. January 
19. Attendance 130. 
Columbus 

Power by Radio, by Dr. Phillips Thomas, Westinghouse Electric 
& Mfg. Co. A dinner preceded the meeting. Joint 
meeting with Ohio State University Branch. January O0. 
Attendanee 200. 

Electrical Heating and Its Application, by H. J. Babcock, General 
Electrie Co. Motion picture on “Cuba, the Island of 
Sugar,” preceded the talk. January 27. Attendance 38. 

Denver 


Electricity in Oil-Field Operations, by E. W. Peake, Midwest 
Refining Co. Hlustrated. A dinner preceded the meeting. 
January 31. Attendance 60. 


Detroit-Ann Arbor 
Industrial Motor Control, by H. D. James, Westinghouse Electric 
& Mfg. Co. A dinner preceded the meeting. January 17. 
Attendance 100. 
Erie 


Recent Developments in the Art of Communication, by S. P. Grace, 
Bell Telephone Laboratories. January 17. Attendance 350. 


Fort Wayne 


Hand- Made Towns, by Dr. F. E. Jaynes, American City Bureau, 
Chicago. January 19. Attendance 38. 


Indianapolis-Lafayette 

Man i eA of High- igs bs e Porcelain Insulators and Accessories, 
by A. Jackson cke Insulator Corp. December 16. 
nie 64. 

Dissipation of Heat in Underground Conduits for Electrical 
‘onductors, by Prof. C. C. Knipmeyer, Rose Polytechnic 
Institute; 

Recent Developments in Long Toll-Telephone Cables, by H. S. 
Sheppard, American Tel. & Tel. Co., and 

Some Little Known Facts Regarding Radio Communication, by 
D. J. Angus, Esterline-Angus Co. Joint meeting wit 
Indiana Engg. Society. A buffet luncheon was served after 
the meeting. January 27. Attendance 111. 


Ithaca 


The Assemblage of Equipment to Make Up a Complete Power- 
Station Design, by R. J. S. Pigott, Public Service Production 
Co. Joint meeting with A. S. M. E. December 9. At- 
tendance 195. 


Traffic in the Field of Radio Communication, by F. H. Kroger, 
Radio Corporation of America. January 26. Attendance 60. 


Kansas City 

High-Grade Telephone Toll Circuits, by A. B. Covey, South- 

western Bell Telephone Co. Accompanied by demonstra- 
tion. January 23. Attendance 60. 
Lehigh Valley 

Methods of Starting Induction and Synchronous Motors, by L. R. 


Woodhull, Bethlehem Mines Corp., and C. W. Falls, 
General Electric Co. January 21. Attendance 66. 
Los Angeles 


The Coordination of Researches, by E. B. Craft, Bell Telephone 
Laboratories. The meeting was preceded by a dinner. 
January 31. Attendance 193. 


Louisville 


Automatic Signaling and Automatic Train Control, by P. P. Ash 
and F. T. Fereday. January 10. Attendance 33. 
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Lynn 
The Antiquity of Man, by Dr. R. S. Lull, Yale University. 
Illustrated. January 20. Attendance 375. 
Modern Metering, by H. M. Witherow, General Electric Co., and 


Remote Metering, by H. B. Rex, General Electric Co. February 1. 
Attendance 69. 


Inspection trip to the South Boston Dry Dock to inspect the 
Airplane Carrier Lerington. February 4. Attendance 296. 
Mexico 
Dinner Meeting. January 10. Attendance 32. 
The Teletype, by K. K. Carroll. February 7. 


Milwaukee 


Policies and Plans of the Milwaukee Harbor Commission, by F. A. 
Kaiser, Harbor Engineer, and A. Albrecht, Traffic 
Director. January 18. Attendance 70. 


Attendance 52. 


Niagara Frontier 


Simple Electric Transients and Traveling Waves, by V. Karapetoff, 
Cornell University. A piano recital was also given by the 
speaker. A dinner preceded the meeting. January 13. 
Attendance 155. 


Pittsburgh 
Midwinter Dinner Meeting, joint with Electrical Section, 
Engineers Society of Western Pennsylvania. (See details 
elsewhere in this issue.) January 10. Attendance 275. 
Pittsfield 
Advertising, by Bruce Barton. A dinner preceded the meeting. 
January 10. Attendance 800. 


Ten Years’ Advancement in Power-Station Design, by F. S. 
Collings, Sargent and Lundy, Ine. A dinner preceded the 
meeting. January 24. Attendance 135. 


Floods and Flood Control, by Dr. Frank Bohn. February 7. 
Attendance 400. 
Rochester 
Recent Developments in Powdered Coal, by Henry Kreisinger, 
Combustion Engineering Corp. Joint meeting with A. S. 
M. E., January 20. Attendance 78. 
St. Louis 
Smoke Prevention, by W. G. Christy, and 
Important Raw Materials Used in the Telephone Industry, b 
G. S. Rutherford, Western Electric Co. January 18. 
Attendance 48. 
San Francisco 


Eight Years of Research in Lightning Phenomena and Surges, by 
Dr. Harold Norinder. Joint meeting with P. C. E. A. 
January 13. Attendance 130. 


Coordination of Research, by E. B. Craft, Bell Telephone Labora- 
tories. Illustrated. A dinner preceded the meeting. 
January 24. Attendance 500. 

Saskatchewan 

The Constitution of Matter, by R. N. Blaekburn, and 

Developments in the Flin Flon Mining Area, by W. Hastings. 
January 20. Attendance 54. 

Schenectady 

The Evolution of the Science and Art of Illumination, by W. D'A. 
Ryan, General Electric Co. Illustrated. January 20. 
Attendance 175. 

Seattle 

Coordination of Researches, by E. B. Craft, Bell Telephone 

Laboratories. January 13. Attendance 124. 
Sharon 
The Raising of the Submarine S-51, by Lieutenant-Commander 


Edward Ellsberg, Tidewater Oil Co. January 7. At- 
tendance 386. 
Southern Virginia 
Joint meeting with A. S. C. E. and A. S. M. E. (See details 


elsewhere in this issue.) January 20-21. 


Springfield 
High-Capacity Mercury Árc Rectifiers, b 
Eleetrie Co. Illustrated with slides. 
tendance 36. 


F. A. Faron, General 
January 23. At- 


Syracuse 


The Utility as a Citizen, by W. K. Bradbury, Buffalo, Niagara and 
Eastern Power Corp. January 16. Attendance 150. 
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Toledo 
January 20. Attendance 50. 


Toronto 


Insulation, by W. P. Dobson, Hydro-Electric Power Comm. of 
Ontario. Illustrated with slides. November 25. At- 
tendance 78. 


Applications zu High-Frequency to Control and Communication, 
by C. A. Boddie, estinghouse Electric & Mfg. Co., 
December9. Attendance 68. 

Urbana 


Stability of Transmission Sı "enm by A. D. Dovjikov, Westing- 
house Electrie & Mfg. December 15. Attendance 150. 


Utah 


Use of Underground Cables, by P. P. Ashworth, Utah Power & 
Light Co., and 


Installation of Underground Cables, by C. F. Cassidy, General 


Ladies' Night. 
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Journal A. I. E. E. 


Electrolytic Rectifiers, by Mr. Parsons; 


Current-Transformer Errors and Methods of Testing, by Messrs. 
Dunean and Harvey; 


The Rotary Converter Room at Trail, B. C., by Mr. Newmarch; 
Heat Treatment of Steel, by Mr. Tupper, and 


New Method for Overcoming Dead-Center on Engines, by Mr. 
Sinclair. These papers were presented by students at the 
University of British Columbia. February 7.  Atten- 
dance 41. 

Washington 

High Steam Pressures, by N. E. Funk, Philadelphia Electric Co.; 
A. R. Smith, General Eleetrie Co., and Mr. Waldbridge, 
Westinghouse Electric & Mfg. Co. 


Use of Pulverized Fuels, by Henry “signee: Combustion 
Engineering Corp.; and 

Use of Powdered Coal, by Commander Evans, U. S. N.; C. J. 
Jefferson, U. S Fleet Corp., and Capt. R. D. Gatewood, 
U.S.N. February 10. Attendance 170. 


Electric Co. January 12. Attendance 40. 
Worcester 
Vancouver The Power-Factor Situation, by R. W. Adams, General Electric 
Inspection trip to the Fire Alarm System. January 10. At- Co. Meeting was preceded by a dinner. January 18. 
tendance 35. Attendance 50. 
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STUDENT MEETING HELD BY VANCOUVER SECTION 


At the meeting of the Vancouver Section held February 7, 1928, 
the following program was presented by members of the 1928 
class of the University of British Columbia: 

Electrolytic Rectifiers, with account of original research, by 
Mr. Parsons. 

Current Transformer Errors and Methods of Testing, by Mr. 
Dunean and Mr. Harvey. 

The Rotary Converter Room at Trail, B. C., by Mr. Newmarch. 

Heat Treatment of Steel, by Mr. Tupper. 

New Method for Overcoming Dead-Center on Engines, by 
Mr. Sinclair. 

The papers were of excellent grade, and were deeply appre- 
ciated by the audience. 


LECTURES ON ACCIDENT PREVENTION 

The National Safety Council has recently published in 
pamphlet form the first two lectures on accident prevention 
prepared under the supervision of it’s Committee on Promoting 
Accident Prevention in Engineering Colleges. The titles are 
“Accident Prevention, A Factor In Engineering" and 
“Preventing Accidents on Woodworking Machines." 

These lectures are intended primarily for presentation to 
engineering students either in connection with regular courses 
or at meetings of the student branches or chapters of the national 
engineering societies. Single copies have been sent by the 
Council, to the deans of all engineering colleges. 


CONFERENCE ON STUDENT ACTIVITIES TO BE HELD IN 
SOUTHERN DISTRICT | 
Since early last fall the Committee on Student Activities of the 
Southern Distriet (No. 4) has been working upon the details of & 
combined Student Convention and Conference on Student 
Activities, and has decided to hold the meeting at the Georgia 
School of Technology, Atlanta, Georgia, March 30-31. 
Questionnaires and voluntary suggestions have brought out 
the ideas of the Counselors and members of the Branches, and 
have shown that great enthusiasm and unity of purpose exist. 
All concerned are looking forward with anticipation to a meeting 
which will bring individuals, Branches, and colleges into a better 
understanding and appreciation of their common purpose and 
the ideals and activities of the Institute. 
. The suggested program for the meeting includes an address of 
welcome by Vice-President C. O. Bickelhaupt, and three technical 
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papers by Counselors Friday morning; six student technical 
papers Friday afternoon; a joint meeting with the Atlanta Section 
Friday evening; a Conference on Student Activities Saturday 
morning; and inspection trips Saturday afternoon. 

Plans for the meeting are being made under the direction of 
Professor Earle S. Hannaford, Counselor of the Georgia School 
of Technology Branch, and Chairman of the District Committee 
on Student Activities. 


BRANCH MEETINGS 


Municipal University of Akron 
Twin Coach, by G. E. Burkholder, student, and 
Wire Drawing, by J. C. Schacht, student. 


entitled ‘‘Beyond the Microscope,” 
Attendance 13. 


Alabama Polytechnic Institute 


Opportunities Offered to Young Graduates in the Electrical Engi- 
neering Field, by Mr. Klottman, Westinghouse Electrice & 
Mfg. Co. Discussion of proposed inspection trips to three 
big projects of the Alabama Power Company. December 1. 
Attendance 50. 

The Locke Insulator Company and Its Products, by L. W. Carna 
District Manager, Locke Insulator Corp., Atlanta, Ga. 
December 8. Attendance 65. 

The meeting was conducted in the form of an old-time spelling 
mateh. Scientific questions were prepared by several men 
appointed by the Secretary. December 15. Attendance 46. 

Business Meeting. The following officers were elected: Chair- 
man, C. T. Ingersoll; Viee-Chairman, C. D. Bradley; 
Seeretary-Treasurer, W. P. Smith; Auburn Engineer 
Reporter, L. B. Hallman; and Plainsman Reporter, J. J. 
O’Rourke. January 3. Attendance 54. 

Metering, by G. L. Kenny, Gulf Electric Co., Mobile; 

The Recent Developments in Radio, by W. R. Coleman. Jr., 

Radio Communication, by A. M. Dunstan. 
tendance 50. 

Cottrell Precipitation Process, by J. R. Alexander, student, and 

Foundry Work, by W. T. Edwards, student. February 2. 
Attendance 58. 


Motion picture, 
wasshown. January 13. 


and 
January 12. At- 


University of Arkansas 


Correcting for Excessive I R Drop in Transmission Lines, by 
E. R. McClusky, student. The Branch deeided to hold 
meetings on [first and third Tuesdays of eaeh month. 
January 18. Attendance 29. 

Activities of the Chamber of Commerce, by Scott Hamilton, 
Seeretarv, Fayetteville Chamber of Commerce. January 
31. Attendance 15. 


Mar. 1928 


Bucknell University 


Diseussion of plans for the joint meeting of Bucknell University 
Branch with Pennsylvania State College Branch to be held 
at State College, Pa., on March 7. A. R. Ulmer elected 
a Pad Safety Representative. January 31. Atten- 

nce 15. 


California Institute of Technology 
Power Plant Design, by J. N. Hatch. January 13. Attendance 21. 


Motion picture, entitled “The Induction Voltage Regulator," 
was shown. January 27. Attendance 24. 


The Electromagnetic Recording of Phonograph Records, by Dr. 
D. H. Loughridge, R. C. Burt Laboratories. February 3. 
Attendance 11. 


University of California 
Transatlantic Telephony, by A. E. MeMahon, Pacific Tel. & Tel. 
Co. Motion picture, entitled ‘‘Talking Across the Ocean,” 
accompanied the lecture. Various items of business 
transacted. January 25. Attendance 59. 


Carnegie Institute of Technology 
Joint meeting with University of Pittsburgh and West Virginia 
University Branches. For report of meeting, see Student 


Activities dept. of February Journan. January 10. 
Attendance 150. 


Radio Interference from a Central Station Viewpoint (with demon- 
strations), by J. M. Froliek, Duquesne Light Co. January 
11. Attendance 50. 


Case School of Applied Science 
The Generating and Distributing System of the Cleveland Electric 
Illuminating Company, by H. L. Wallau, Chief Electrical 
Engineer. The meeting was preceded by a dinner. Feb- 
ruary 9. Attendance 34. 


Clarkson College of Technology 


History of the American Navy, by F. H. Reynolds, Instructor in 
Chemistry, and 


Finances of the Engineer, by G. L. Rogers, Chairman. Joint 
meeting with Clarkson Chemical Society. Refreshments 
followed the meeting. January 24. Attendance 40. 


University of Colorado 


Some Points of Interest about General Electric Company, by W. B. 
Clark, Sales Engineer, General Electric Co. Illustrated; 


Opportunities with the General Electric nom panh by M. M. 
Boring. Industrial Service Dept., Schenectady; 


The New Cooper-Hewitt Industrial Mercury Vapor Lamp and the 
Neon Tube, by A. S. Anderson, Denver Office, General 
Electric Co. Demonstrated; 


The Manufacture and Uses of Fused Quartz, by B. J. Rowan, and 


Demonstration of the Photoelectric Cell, by R. H. Owen, KOA 
Broadcasting Station. January 25. Attendance 200. 


Financing Public Utility Securities, by J. E. Loiseau, Head of the 
Securities Dept. of the Publie Service Co., Denver. John 
R. Outt was appointed Safety Representative.  Refresh- 
ments were served at the close of the program. February 1. 
Attendance 40. i 


University of Denver 
Sources of Stellar Energy, by Vernon Cato. A motion picture, 
entitled ‘‘The Conquest of the Forest,” was shown. January 
13. Attendance 31. 


Drexel Institute 


Pyrometers, by A. T. Williams, Brown Instrument Co. February 
3. Attendance 32. 


University of Idaho 


The Conduction of Heat from Underground Electric Cables, by 
N. P. Bailey, Instructor in Civil and Electrical Engineering. 
January ll. Attendance 28. 


University of Kansas 


Motion pictures, entitled ‘‘The Light of the Race" and “The 
Horseless Carriage," were shown. The following officers 
were elected: Chairman, R. M. Alspaugh; Vice-Chairman, 
E. H. Sills; Seeretary, W. A. Wolfe; Treasurer, E. B. Hite. 
Joint meeting with student branch of A. S. M. E. prior to 
election of officers. January 12. Attendance 80. 
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University of Kentucky 


Business Meeting. Adoption of By-laws. 
tendance 31. 


January ll. At- 


Lafayette College 
Prof. Morland King showed moving pictures of Atomic Hydro- 
gen Welding and of the Largest Single-Unit Electric Loco- 
motive. Discussion of plans for the Student Branch 
Convention of the Philadelphia and Lehigh Valley Sec- 
tions. January 21. Attendance 22. 


Louisiana State University 
What a Young Engineer Can Expect When He Leaves College, by 
Mr. Davis, Baton Rouge Electric Co. Several items of bus- 
iness discussed. January 12. Attendance 25. 


Lewis Institute 
Fuel Burning Devices and Methods, by T. A. Marsh, Combustion 


Engineering Co. Joint meeting with the W. S. E. Branch. 
January 17. Attendance 90. 


Chicago Regional Power Supply, by P. B. Juhnke, Chief Load 
Dispateher, Commonwealth Edison Co. January 3l. 
Attendance 110. 


Motion pictures, entitled respectively ''Pietures by Wire," 
“Electrical Transmission of Speech by Wire," and ''Tele- 
vision," were shown. February 2. Attendance 90. 


University of Maine 


A Comparison of Amplifiers and Loudspeakers, by Prof. W. J. 
Creamer. Report on the convention of Institute of Radio 
Engineers in New York City. January 18. Attendance 32. 


Motion picture, entitled “The Romance of Telephony," was 
shown. January 19. Attendance 40. 


Ship Propulsion, by N. J. Linnell, student. Motion picture, 


entitled "Queen of the Waves," was shown. February 8. 
Attendance 42. 
Motion pietures on "Television were shown. February 9. 


‘ Attendance 41. 


Motion pictures on Transportation were shown. 
Attendance 19. 


Marquette University 
Engineering in the Business World, by George Phelps, First 
Wisconsin Co. January 12. Attendance 27. 


The Design and Construction of Urban Distribution Systems, by 
P. P. Stathas (alumnus) Field Engineer, Milwaukee Electric 
Railway and Light Co. Annual banquet to be held March 
15. February9. Attendance 40. 


Michigan State College 
Experiences with the Illinois Traction Company, by Prof. L. S. 
Foltz, Counselor; 
Experiences with the Commonwealth Power 
Michigan, by H. J. Kurtz; 


Experiences with The Detroit and New York Edison Companies, 
by Prof. A. Naeter. Prof. M. M. Cory gave a talk on the 
General Electric Student Course and Mr. Kinney spoke on 
some types of State work. January 17. Attendance 39. 


University of Michigan 


Industrial Motor Control, by H. D. James, Westinghouse Electrie 
Mfg.Co. January 19. Attendance 85. 


February 13. 


Corporation of 


University of Minnesota 
Television, by Dr. J. O. Perrine, Bell Telephone Laboratories, 
Inc. Illustrated. Members of the Minnesota Section were 
guests of the Student Braneh. January 12. Attendance 400. 


Mississippi A. & M. College 
Design and Construction of Armatures and Transformers, by 
A. L. Moore, New Orleans Office, General Eleetrie Co. A 
film, deseriptive of the Fort Wayne, Indiana, plant of the 
Company, was shown. January 10. Attendance 84. 


Missouri School of Mines 


Discussion of programs for future meetings. Decided that 
President should appoint a program committee. November 
16. Attendance 14. 


Motion picture on Power Transformers was shown. December 
6. Attendance 36. 
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Meo are Rectifiers, by Paul Berry. December 7. Atten- 


Motion picture, entitled "Making Mazda Lamps," was shown. 


December 13. Attendance 33. 


University of Missouri 
Talking Motion Pictures, by E. J. Lawton, student; 
Development of the Telephone, by C. E. Schooley, student, and 


The Holland Tunnel, by G. L. Crow, student. February 7. 
Attendance 38. 


Montana State College 


Improvement in Loading Coils by the Use of Permalloy. (Extract 
from an article in the Electrical World for January 7, 1928.) 
Read by Carl Oberbauer, student. January 12. Atten- 
dance 126. 


Lightning Prevention. (An abstract from an article by Colonel 
E. a Wileox in the December number of the Scientific 
American.) Read by F. E. Heikkila, student. January 
26. Attendance 124. 


Newark College of Engineering 


A-C. Radio Tubes, by H. M. Freeman, Westinghouse Lamp Co. 
of Bloomfield, N. J. Discussion of plans for N. Y. Section 
Student Convention. January 16. Attendance 24. 

The Gyroscope, by R. L. Witham, Electrical Engineer, Sperry 
Gyroscope Co. Accompanied by three-reel motion picture 
on the “Action of the Gyroscope.” January 30. At- 
tendance 33. 


College of the City of New York 


Fifty Years of Progress in Building of Bridges, by D. B. Steinman, 
graduate of and former instructor at C. C. N. Y. Joint 
meeting with A. S. C. E. and A. S. M. E. January 12. 
Attendance 48. 


New York University " 


Development and Research Work on Long-Distance Toll Cables, 
by H. S. Shepard, Executive Assistant to Dr. F. B. Jewett, 
A. T. & T. Co. Motion picture, entitled “A Prophecy 
Fulfilled," was shown. Plans have been made to hold bi- 
weekly meetings. Discussion of plans for New York 
Section Student Convention. February 9. Attendance 36. 


University of New Hampshire 


Some Bearing Investigations, by T. W. Colby and E. A. Goodwin; 


How to Develop a Pleasing Personality, by M. W. Cummings anp 
I. Gove, and 


What a Flood Means to a Plant Engineer, by T. Elliott and E. E. 
Lafond. January 16. Attendance 39. 


Automatic Railway Substations, by H. E. Fuller and L. L. 


Landon; 

Ventilating the Pittsburgh Tunnel, by M. S. Hodgdon and H. W. 
Lawry, and 

The Eighth Wonder, by R. M. Knight and J. M. Lee. January 
23. Attendance 39. 

Motion picture, entitled "Conowingo," was shown. January 


30. Attendance 39. 


: University of North Carolina 


Telephone Research, by John Mills, Direetor of Publication, 
Bell Telephone Laboratories, Ine. Discussion of an 
Engineers Dance to be sponsored by the local branches of the 
A.S.C. E. and A. I. E. E. January 13. Attendance 45. 


The Holland Tunnel, by Prof. J. E. Lear. Discussion of the 
prospective Engineers Dance. January 26. Attendance 34. 


Transformer Locations in Signal Service, by J. M. Maxwell, 
student. Report on arrangements for the Engineers 
Dance. The following officers were elected: President, 
J. D. McConnell; Vice-President, C. R. Jones; Secretary, 
J. S. Kirk, and Treasurer, W. C. Burnett. February 9. 
Attendance 27. 


University of North Dakota 


Benefits Derived from Student Training Courses, by Syvert 
Gunnes, Shafer Oil Co. Film on the Frequency Converter 
was shown. January 12. Attendance 16. 
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University of Notre Dame 
The Functions of Transformers in Radio Circuits, by Mr. Moyer, 


a junior. Illustrated talk on "Railway Signaling" by 
Loeffler, a senior. Refreshments served. January 9. 
Attendance 71. 

Life a TERERAA Graham Bell, by Laurence Wingerter, student, 
an 


Characteristics of Harmonics Due to Condensers in Oscillatory 
Circuits, by Dr. Favier, Indiana and Michigan Electric Co. 
January 23. Attendance 67. 


Ohio Northern University 


Short business session followed by a talk on “Carrier Current 
Telephone Transmission" by E. C. Smith. L. R. Althaus 
spoke on ''Chemieal Condensers of Large Capacity.” 
January 5. Attendance 29. 


Mercury Arc Rectifiers, by C. Wolley, and 
The Uses of Electricity in the Holland Tunnel, by W. G. Hensel. 


‘Discussion of ‘Engineers’ Week." January 19. At- 
tendance 14. 
Insulators and Their Characteristics, by Marion Runyon. Dis- 


eussion of Spring inspection trip. February 3. Attendance 
21. * 


University of Oklahoma 


Discussion of stunts for Open House. February 2. Atten- 


danee 23. 
Oregon State College 


Business Meeting. Discussion of plans for the annual Educa- 
tional Exposition, in which the Branch sponsors the electrical 
engineering exhibits. January 11. Attendance 42. 


The Resistance of a Rectangular Conductor, by S. O. Rice, and 


The Portland Installation of Mackay Radio and Telegraph Com- 
pany, by B. G. Griffith. Artro Swingle was appointed 
Safety Representative. February 1. Attendance 43. 


Pennsylvania State College 


by A. F. Corby, Jr., 


The Theory of Indicating Instruments, 
At- 


Weston Electrical Instrument Corp. January 25. 
tendance 29. 


University of Pittsburgh 
A-C. Radio Tubes, by R. H. Capek, and 
Our Next World War,by I. L. Chabot. January 6. Attendance 45. 


Joint meeting with West Virginia University and Carnegie 
Institute of Technology Branches. For report of meeting, 
see Student Activities department of February JoURNAL. 
January 10. Attendance 80. 


Electrical Reproduction of Phonograph Records, by J. G. Hoop. 
January 20. Attendance 38. 

The dau di dian les of Electrical Measuring Instruments, 
by Corby, T Weston Electrical Instrument Corp. 
Ja. Do. n Attendance 38. 


Princeton University 


Power and Lighting of the Holland Vehicular Tunnel, by Prof. 
M. MacLaren, Counselor. January 23. Attendance 10. 


Rensselaer Polytechnic Institute 


Simple Theory of Relativity, by R. A. Patterson, Professor of 
Physies. January 10. Attendance 180. 


Rhode Island State College 
Television, by C. T. Miller, senior. December 2. Attendance 31. 


Building Construction, by J. L. Morrison, Bigelow, Kent and 
Willard Co., architects, Boston. December 9. Atten- 
dance 44. 


Electrification of the Virginian Railway, by Charles Wales, 
Instructor in E. E. December 16. Attendance 26. 


Two motion pictures, entitled respectively ‘‘Beyond the Micro- 
scope” and “The Wizardry of Wireless," were shown. 
January 6. Attendance 37. 


Recent Developments in Transmission Lines, by L. A. Duckworth, 
senior, and 


Transformers, by Prof. W. A. Anderson, Counselor. 
Attendance 20. , 


January 13. 


Mar. 1928 


Rose Polytechnic Institute 


Incandescent Lamps, by Mr. Davidson, student. 
with slides. January 18. Attendance 42,. 


Rutgers University 


Power Supply for New Jersey Industries, by S. Q. Hayes, General 
Engineer, Westinghouse Electric & Mfg. Co. January 9. 
Attendance 89. 


University of Santa Clara 


Business Meeting. R. P. O'Brien, Chairman and A. D. Hinkley, 
Counselor, gave talks on the advantages of Student enroll- 
ment in the A. I. E. E. A motion was passed that the 
members of the Branch assess themselves twenty-five 
cents each as a subscription for the clock and carillon to be 
installed in the new Louvain Library as a war memorial to 
American Engineers. January 10. Attendance 28. 


University of South Dakota 


Electrified Railroads, by Mr. Hayward. December 14. At- 
tendance 7. 


Business Meeting. Nomination of officers. 
Attendance 9. 


Business Meeting. The following officers were elected: Chair- 
man, Charles Cantonwine; Vice-Chairman, Howard Crosby; 
Secretary, Paul Schell. William Dickenson elected Safety 
Representative. February 8. Attendance 12. 


University of Southern California 


Organization and Work of the Southern California Telephone 
Company, by Mr. Rutherford, Southern California Tele- 
phone Co. January ll. Attendance 45. 


Luncheon Meeting. Lester Bateman and L. F. Slezak were 
re-elected Chairman and Secretary, respectively. Zoeth 
Cummings elected Vice-Chairman and Gilroy, 
Treasurer. January 25. Attendance 46. 


Stanford University 
The 100-Kw. Tube, by R. W. Clark; 
G. N. R. R. Electrification, by E. H. Fisher, and 


Electric Steel Mill Drives, by P. E. Warrington. Chairman 
D. E. Chambers spoke on proposed Engineering Council of 
Stanford University. Motion that the Branch affiliate 
with the Council earried. Program Committee appointed. 
January 12. Attendance 22. 


Inspection trip to the Central Office and two Automatic Sub- 
stations of the Pacific Gas and Electric Company in Oak- 
land. January21. Attendance 21. 


Transformers, Their Design and Construction, by A. W. Copley, 

` Manager, Engineering Division, Westinghouse Electric & 
Mfg. Co., San Francisco. Illustrated with slides. January 
26. Attendance 25. 


Latest Electrical Receivers, by George T. Royden, Mackay Radio 
and Telegraph Co. Joint meeting with Stanford University 
Radio Club. February 1. Attendance 30. 


Swarthmore College 


Problems Confronting the Telephone Engineer in Buying Property 
for Central Offices, by Mr. Griest, Director of Results, Bell 
Telephone Company of Pennsylvania. Slides. 


Some of the Problems the Student Engineers Have to Decide When 
Out of College, by Mr. Wattles, Director of College Relations, 
Bell Telephone Company. Following the talks motion 
pictures on Telephone Circuits and Transatlantic Telephony 
wereshown. January 19. Attendance 35. 


Illustrated 


January 18. 


Syracuse University 
Power Development in Japan, by Earl Gilchrist, and 


Synchronization in A-C. Practise, by John Walsh. December 2. 
Attendance 10. 


Engineering Achievements of Westinghouse Electric & Mfg. Com- 
pany in ae by Robert Sehwarting. December 9. Ar- 
tendance 10. 


Films, entitled “The Electrical Giant" and 'Power Transform- 
ers," were shown. December 16. Attendance 33. 


Film, entitled ‘‘The Benefactor,” was shown. January 6. 
Attendance 20. 
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Film, entitled ‘‘The Story of Power," was shown. January 13. 
Attendance 20. ; 


Business Meeting. Robert Schwarting appointed Safety 
Representative. Discussion of programs for next semester. 
February 9. 


University of Tennessee 


Moving pictures of The Tennessee Electric Power Co. January 
11. Attendance 29. 


University of Utah 


Experiences in the Employ of the Forest Air Service of California, 
by W. H. Campbell, student. The ‘‘Suggested By-laws for 
Student Branches” were adopted with slight modifications. 
January 10. Attendance 25. 

Motion picture, entitled ‘‘Water Power," was shown. 
13. Attendance 77. 


Virginia Military Institute 
Electrical Equipment of the Holland Tunnel, by W. H. Old; 
Mortality of the Bell Telephone Company, by R. B. Batte, and 


Experiences with Westinghouse Electric & Mfg. Co., by J. O. 
Couch. February 8. Attendance 31. 


Virginia Polytechnic Institute 


The Storage Battery, by Prof. J. B. Lucas. January 23. At- 
tendance 31. 


The Electron, by Dr. F. L. Robeson. February 1. Attendance 30. 
State College of Washington 


The Ring Feeder, by J. T. Pringle, student. 
tendance 20. 


Business Meeting. The following officers for next semester 
elected: President, H. B. Tinling; Vice-President, G. M. 
Brown; Secretary, J. B. Danielson; Treasurer, Henry Kahl; 
Executive Council, J. R. Hansen and T. S. Hall. The above 
men are to take office at once. January 18. Attendance 15. 


University of Washington 


Electromagnetic Forces, by Leo Nedelsky, student. 
diseussion of plans for the Open House. 
Attendance 29. 


Bell Telephone System, by A. T Emerson, Pacific Telephone & 
Telegraph Co. Discussion of time of holding meetings next 
quarter. February3. Attendance 30. 


West Virginia University 


Business Meeting. J. K. Gwinn elected Treasurer. 
Attendance 29. 


The Span Across Cheat River, by G. B. Pyles; Hollow Spun 
Concrete Poles, by S. J. Donley; Electric Arcs, by Ivan 
Vannoy; Oil Storage Tanks in California, by J. K. Gwinn; 
New Type of Turbo-Generator Insulation, by H. V. DeJourn- 
ette; Insulating Varnishes, by A. H. Huggins; Advancement 
an the Electrical Industry in the Year 1927, by R. J. Boone, 
and Electrical Show in New York, by F. H. Backus. Feb- 
ruray 10. Attendance 31. 


University of Virginia 
The Shield Grid Vacuum Tube, by Chalres E. McMurdo. Three- 
reel motion picture ''Story of a V-Type Ejight-Cylinder 
Motor." January 16. Attendance 45. 
Washington University 
Business Meeting. Discussion of plans for Engineers’ Day to be 
held on or about March 17. January 12. Attendance 26. 
University of Washington 


Student Courses of the General Electric Company, by Mr. Means, 
° General Electric Co. January 13. ttendance 47. 


Skagit River Project, by G. E. Harney, student. January 20. 
Attendance 28. 
Worcester Polytechnic Institute 


Fifteen Months with the Westinghouse Operating Department, by 
D. P. Reed, ’28, and 
New York Telephone Company and the New England Power 


Company, by D Calder, New England Power Co. 
January 23. Attendance 25. 
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. The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 


most of the important periodicals in its field. Itis housed in the Engineering Societies Building, 29 West Thirty- 


ninth St., New York. 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


harges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 


those interested. 
understand clearly what ts desired. 


In asking for information, letters should be made as definite as possible, so that the investigator may 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 5 p. m. 


BOOK NOTICES JAN. 1-31, 1928 
Unless otherwise specified, books in this list have been pre- 
sented]by the publishers. The Society does not assume responsi- 
bility for any statement made; these are taken from the preface 
or the text of the book. 
All books listed may be consulted in the Engineering Societies 
Library. 


AMERICAN MEN or ScrENCE; a Biographical Directory. Edited 
by J. McKeen Cattell and Jaques Cattell. 4th edition. 
N. Y., Science Press, 1927. 1132 p., 10 x 8 in., cloth. 
$10.00. 


Gives brief biographies of about 13,500 men who are engaged 
in scientific research in America, or who have contributed to 
the advancement of science by teaching or writing or by work in 
related fields, such as the applied sciences. <A useful guide to 
the scientific workers of the country. 


APPLIED MAGNETISM. 
By T. F. Wall. N. Y., D. Van Nostrand Co., 1927. 262 pp., 
diagrs., 10 x 8 in., cloth. $8.00. 


In view of the wide and increasing industrial importance of 
magnetism, there is need for a concise, yet reasonably complete, 
survey of this branch of electrical engineering, which this book 
is designed to meet. The first part presents the principles of 
applied magnetism and includes the theory of permanent mag- 
nets, the characteristics of magnetic substances, reduetivity, 
magneto-strietion, the electron theory of magnetism and the 
generation of very intense magnetie fields. Part two considers 
methods of magnetic testing, giving a representative selection, 
including those most likely to be useful in practise. 


A. S. T. M. SrTANDARDs, issued triennially. 1927; Pt. 1, Metals. 


Pt. 2, Non-metallie Materials. 
American Society for Testing Materials. Philadelphia, 1927. 
2v., illus., diagrs., tables, 9 x 6 in., eloth. $14.00; half-leather, 
$17.00; vols. sold separately—eloth, $7.50; half-leather, $9.00. 


This edition is one-half larger than that of 1924, the date of 
the last triennial revision, and contains a large number of new 
standards. There are now 147 standards relating to metals and 
206 to non-metals. 

The standards inelude speeifieations, methods of test, defini- 
tions and practises. A wise variety of commercial products of 
importance is covered, including materials for machinery, 
building and eleetrieal equipment, road materials, fuels, lubri- 
cants and oils, preservative eoatings, ete. 


BoNBRIGHT SURVEY OF ELECTRIC POWER AND LIGHT COMPANIES 
OF THE UNITED STATES. 4th edition. N. Y., McGraw- 
Hil Publishing Co., 1927. 173 pp., maps, 11x9 in., 
paper. $10.00. 


The Bonbright survey is a geographic survey of the electrical 
supply industry in this country, in whieh every operating 
company is detinitely connected, by maps and tables, with the 
communities that it serves. It enables the user to ascertain 
what company serves any town of over 2500 population and to 
obtain a picture of the surrounding territory and neighboring 
companies. The capitalizations and earnings of the larger 


companies are included, with certain relevant facts about each 
state. 


CHEMISTRY OF WATER AND SEWAGE TREATMENT. 

By Arthur M. Buswell. N. Y., Chemical Catalog Co., 1928. 
(American Chemical Society. Monograph series). 362 pp., 
illus., diagrs., tables, 9 x 6in., cloth. $7.00. 

Aims to give a complete summary of the existing information 
upon the chenuval reactions taking place in the various processes 
by means of which water is improved for domestic and industrial 
use and waste liquors are rendered fit to be discharged into water 
courses. It is, the author states, the only book dealing solely 
with the chemistry of the various purification processes at 
present applied to water and sewage. 


Cours DE MECANIQUE; Complément. 
By L. Guillot. Paris et Liége, Ch. Béranger, 
2 v., illus., diagrs.,9 x 6in., paper. Price not quoted. 
These pamphlets supplement the treatment of the resistance 
of reinforced concrete and upright beams, and of the special 
mechanies of fluids given in the author’s treatise on mechanics, 
published some years ago. 


COURSE OF MODERN ANALYSIS. 

By E. T. Whittaker and G. N. Watson. 4th edition. Cam- 
bridge, University Press; N. Y., Macmillan Co., 1927. 608 pp., 
11x 8in., cloth. $12.50. 


An admirable treatise, which gives a rather exhaustive account 
of the various ramifications of the subject, for use by advanced 
students and for reference. Referenees to the literature are 
numerous. The changes from the third edition consist in addi- 
tional references and corrections of errors. 


DEsIGN OF MERCHANT SHIPS AND Cost ESTIMATING. 
By Alexander Kari. Lond., Crosby Lockwood & Son, 1927. 
299 pp., diagrs., tables, 10 x 7 in., cloth. 36s. 


This, the author says. is the first attempt to treat the practical 
side of design and cost in a systematic manner. The author 
gives no space to the theory of naval architecture but confines 
himself to the problem of designing, for the lowest cost, the ship 
which will perform a speeitie service most economically. For 
this purpose he discusses such questions as the choice of the tvpe 
of hull, the determination of dimensions, the general arrange- 
ments for particular trades, ete. The latter half of the book 
discusses the estimating of weights and costs and gives formulas 
and methods for preliminary calculations. Numerous coeffi- 
cients and formulas are given throughout the text. 


1926-1927. 


DIELECTRIC PHENOMENA; Electrical Discharges in Gases. 
By S. Whitehead. N. Y., D. Van Nostrand Co., 1927. 
176 pp., diagrs., 9 x 5in., cloth. $4.00. 


This volume presents a critical summary, written from the 
scientific point of view, of the available knowledge upon the 
phenomena accompanying electrical discharges in gases. It 
gives a short account of the main phenomena that have been 
observed in discharges at. pressures for which the mean free path 
is small in comparison with the dimensions of the electrodes, and 
discusses briefly the theories dealing with them. The volume 
has been prepared at the suggestion of the Electrical Research 
Association, to encourage study of the fundamental phenomena 
of insulators. 


Mar. 1928 


DIESELMASCHINEN; Grundlagen, Bauarten, Probleme. 
By Julius Magg. Berlin, V. D. I. Verlag, 1928. 
illus., plates, diagrs., port., 12 x 9 in., cloth. 26.-r. m. 


The aim of this book is to provide & general survey of our 
knowledge of the theory and construction of the Diesel engine, 
and of the trend of future development, which will be as concise 
as possible and yet be reasonably full and comprehensive in 


278 pp., 


pe. 

The first section presents the fundamental principles of the 
engine, treating of its thermodynamics and thermometry, the 
calculation of the principal dimensions, its fuels and its economy 
and power. The second section discusses design. It describes 
and illustrates the various types, pre onting numerous models 
that have not been published previously. Chapters are devoted 
to locomotives, automobiles, and ship propulsion. 

In the third section the author discusses unsettled and un- 
solved problems in design, using the unpublished results of his 
own experimental work. A new theory of scavenging in two- 
cycle engines is presented, and its practical uses shown. The use 
of exhaust-gas turbines is examined critically. 


ELECTRIC CONTROL GEAR AND INDUSTRIAL ELECTRIFICATION. 
By William Wilson. N. Y., Oxford University Press, Ameri- 
can Branch, 1927. 361 pp., illus., tables, 9 x 6 in., cloth. $8.50. 


A comprehensive treatment of electrical control gear as used 
in industry. The author first discusses the design, arrangement 
and construction of controlling apparatus, considering first the 
individual items, and then their association and combination to 
form complete schemes with any desired characteristics. Typi- 
cal installations in the principal departments of industrial work, 
such as steel mills; hoisting, cranes, machine tools, and textile 
and printing plants, are then described. 


ELECTRIC WINDERS. 
By H. H. Broughton. Lond., Ernest Benn, Ltd., 1927. 
402 pp., illus., diagrs., tables, 11 x 9 in., cloth. 52s 6d. 


The primary purpose apparently is to provide the mining 
engineer with a comprehensive account of the practical possi- 
bilities of electric hoisting. The appliances used are described 
exhaustively, with numerous examples of their practical appli- 
cation and many useful data upon performance, cost of opera- 
tion, life, ete. The book will also be useful to designers and 
Pe of electric hoisting machinery, as a convenient reference 


ELECTRICAL PowER TRANSMISSION. 
By E. A. Loew. N. Y., McGraw-Hill Book Co., 1928. 388 
pp., diagrs., charts, tables, 9 x 6 in., cloth. $4.00. 


A treatise upon the theory and design of electric transmission 
lines. Starting with an extended discussion of the mathematical 
tools and the underlying circuit theory of the transmission 
lines, the author then proceeds to study the mechanical features 
of the design, the influence of mechanical and electrical features 
upon its economics and, finally, to illustrate the theory and 
principles previously developed, by applying them to a hypo- 
thetical problem. 

Dig ELEKTRISCHE TeLEGRAPHIE Mit DRaAHTLEITUNG, V. 2; 
Die Typendruck-telegraphen. 

By J. Herrmann. Ber. u. Lpz., Walter de Gruyter & Co., 
1927. 126 pp., illus., diagrs., 6 x 4 in., cloth. 1,50r. m. 

Gives a brief, yet comprehensive, description of the various 
printing telegraph systems in use in Germany. 

ELEMENTARY BUILDING SCIENCE. 

By Alfred Everett. N. Y. & Lond., Oxford University Press, 
1927. 159 pp., diagrs., 9 x 6 in., cloth. $2.50. 

This is not a book on building, but an elementary book on 
physics and chemistry with reference to their applications to 
building and building materials and related problems. The 
text covers such subjects as water pressure, heat, combustion, 
oxygen and its action on metals, gaseous fuels and water. The 
treatment is simple and adapted to the needs of trade schools. 
Laboratory exercises are included. The purpose is to equip the 
student for the intelligent study of building problems in general. 
ELEMENTS OF MacuineE Drsiaw, Pt. 1. 

By W. Cawthorne Unwin and A. L. Mellanby. New edition. 
N. Y., Longmans, Green & Co., 1927. (Textbooks of Science). 
931 pp., illus., diagrs., tables, 9 x 6 in., cloth. $5.00. 


Unwin’s Machine Design is so widely known that no comment 
upon its plan and scope is necessary. Since its first appearance, 
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fifty yeurs ago, it has remained a favorite text on its subject. 
The new edition shows no great change in scope and arrange- 
ment over the preceding one, but fessor Mellanby has 
altered and rewritten such "ipie of the text as no longer repre- 
sented modern praetiee, and has added new matter when it was 
necessary. | 


ENGINEERING OF PowER PLANTS. 

By Robert H. Fernald and George A. Orrok. 3d edition. 
N. Y., McGraw-Hill Book Co., 1927. 663 pp., illus., diagrs., 
tables, 9x6 in., cloth. $5.50. 


This work, intended primarily as a text-book for students of 
all branches of engineering, is an epitome of modern practice. 
The authors emphasize the fact that engineering is an art, not an 
exact science, and also stress the commercial aspects of the 
subject. Steam, gas, compressed air, and water power are 
discussed. The new edition incorporates the developments in 
the production of power during the last five years. 


GUIDE TO THE LITERATURE OF CHEMISTRY. 
By E. J. Crane and Austin M. Patterson. N. Y., John Wiley 
& Sons, 1927. 438 pp., illus.,9x6in., cloth. $5.00. 


This book will be of great assistance to every one facing the 
task of searching for specific information in the vast mass of 
chemical literature. It classifies the various sources of informa- 
tion, explains the peculiarities and limitations of the important 
periodicals and books of reference and gives sound counsel upon 
their use and the art of searching. Many useful biliographies 
and tables are included. Although intended for chemists, the 
methods are equally adapted to all searching, and many engineers 
will find the work of distinct help. 


GuMMIFREIE IsOLIERSTOFFE. Edited by Arthur Sommerfeld. 
Berlin, Zentralverband der deutschen elektrotechnischen 
Industrie, 1927. (Julius Springer, distributor). 103 pp., 
illus., diagrs., tables, 8 x 6 in., paper. 2,80r. m. 


Diseusses the manufacture, properties, testing, construction 
and uses of molded eleetrieal insulators of other plasties than 
rubber. The technology of their manufacture is described 
briefly, yet clearly, and the necessary machinery illustrated. 
The authors are all actively engaged in the industry. 


HaNpBUucH Des BERATENDEN INGENIEURS. 
By S. Herzog. Stuttgart, Ferdinand Enke, 1925. 519 pp., 
10 x 7 in., paper. 20.-mk.; bound, 22,50 mk. 


A treatise upon the work of the consulting engineer, particu- 
larly one engaged in the investigation of manufacturing and 
industria] enterprises. Apparently the first attempt to present 
in systematic fashion the general principles upon which such 
investigations should be based. 

After an introductory account of the evolution of the consulting 
engineer, his duties are discussed. Sketches and plans are then 
discussed, after which the various duties of the consultant, tech- 
nical, statistical, commercial and financial, are treated, both 
with reference to existing industries and new projects. Numer- 
gue SUA TUDIOS of the practical application of the methods are 
ineluded. 


HaNpBUCH Fur EisENBETONBAU. Edited by F. Emperger. 
v. 12. Dachbauten, Schalen und Rippenkuppeln, by H. J. 
Kraus &nd Fr. Disehinger. 3d edition. Berlin, Wilhelm 
Ernst & Sohn, 1928. 378 pp., illus., diagrs., tables, 11 x 8 

in., paper. 25,50r. m. 


This volume of the handbook treats of the design and con- 
struction of reinforeed concrete roofs, domes and vaulting. 
A thorough treatment of the topies is given, both with respect to 
theory and modern praetise. Numerous illustrations of aetual 
structures are included. 


History OF THE GREAT WESTERN Raitway, v. 1, 1833-1863, 
pt. 1-2. 
By E. T. MaeDermot. Lond., Great Western Railway Co., 
1927. 2 v., illus., ports., maps, 9x 6 in., cloth. 21s. 


A comprehensive history of this great English railroad, which 
gives in detail an account of its inception, construction, and 
economic and engineering vicissitudes. The ‘gauge war” is de- 
scribed at length, and there are interesting chapters on the 
development of signals, train serviee, operating methods, and 
on ears, and loeomotives, the last two subjeets being treated by 
the late E. L. Ahrons. The book is well illustrated. Of interest 
to every student of railroad history. 
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INTRODUCTION GENERALE A LA PHOTOMETRIE. 

By Charles Fabry. Paris, Revue d’Optique théorique et 
instrumentale, 1927. (Encyclopédie Photométrique, v. 1). 
178 pp., diagrs., tables, 9x 6in., paper. 20 fr. 


The Revue d’Optique has undertaken the publication of a 
photometric encyclopedia composed of some twenty-seven 
volumes, each of which will deal with a definite aspect of the 
broad subject of the measurement of the intensity of visible or 
invisible radiation. 

The present volume, by the Director of the Institute of 
Theoretical and Applied Optics, presents the fundamental ideas, 
the definitions, and the units used in measuring radiant energy; 
end forms a general introduction to the volumes which are to 
ollow. 


INTRODUCTION TO THE METALLURGY OF IRON AND STEEL. 
By H. M. Boylston. N. Y., John Wiley & Sons, 1928. 571 
pp., illus., tables, 9 x 6 in., cloth. $5.00. 


A well illustrated, well written text-book upon the manu- 
facture of iron and steel, as now earried on in America, which 
covers the entire industry without attempting to be exhaustive. 
Professor Boylston gives particular attention to the winning of 
the metal from its ores and the processes for refining it to the 
desired quality, and gives less space to processes of shaping steel 
and to metallography and heat treatment. The book is intended 
as & college text-book, but is also suitable for those with only & 
general interest in the subjeet. 


JAMES WATT AND THE STEAM ENGINE. 

By H. W. Diekinson and Rhys Jenkins. Oxford, Clarendon 
Press; N. Y., Oxford University Press, 1927. 415 pp., illus., 
ports., 11 x 9 in., cloth. $21.00. 


This handsome volume, one of the results of thecommemora- 
tion of the eentenary of Watt's death, at Birmingham in 1919, 
will be valued by every student of the steam engine and of in- 
vention. It is the definitive work upon the labors of Watt, 
based upon first hand study of the documents by two men with 
unusual qualifieations for the task. 

The book is divided into two parts, dealing respectively with 
the man and with his work upon the steam engine. The bio- 
graphical section is comparatively brief. It gives salient facts 
about his life, correcting some erroneous views that have been 
held until now. The second, and larger, section discusses 
critically the origin of his invention, the steps by which it was 
reduced to a practical form and the development of the steam 
engine under his direction. 

The book is elaborately illustrated with portraits, and with 
photographs from the original Boulton and Watt drawings. 
A critical bibliography is included. 


LECTURES ON THEORETICAL PuHysics, v. 2. 
By H. A. Lorentz. N. Y. & Lond.; Maemillan & Co., 1927. 
410 pp., 9 x 6 in., cloth. 21s. 


This volume, which is uniform with volume one, contains a 
translation of four courses of lectures on theoretical physics, 
which have previously been published in Dutch during the years 
1919 to 1926. These courses are upon thermodynamics, entropy 
and probability, the theory of radiation, and the theory of 
quanta. 


MANUAL OF INDUSTRIAL SAFETY. 
By Sidney J. Williams. Chie. & N. Y., A. W. Shaw Co., 1927. 
197 pp., 9x6 in., cloth. $2.50. 


On the basis of his twenty years of experience with the Wis- 
consin Industrial Commission and the National Safety Council, 
the author has prepared this exposition of the essentials of safety 
work as a handbook for safety engineers and managers. It 
discusses the works’ safety organization, the training of em- 
ployees, safety equipment, hazards, fire prevention, health, 
accidents and related topics, giving sufficient information to 
lead to the sources of complete descriptions of methods and 
practise. 


MOLECULAR PuHysics AND THE ELECTRICAL THEORY oF MATTER. 

By James Arnold Crowther. 4th edition. Phila., P. Blakis- 
ton’s Son & Co., 1927. 202 pp., illus., diagrs., tables, 8x 5 in., 
cloth. $2.50. 


Progress in the investigation of the properties and structure of 
the atom has been so rapid that Dr. Crowther has been obliged 
again to rewrite his admirable survey of the electrical theory of 
matter. The new edition extends the previous account by 
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including the new developments. It can be warmly recom- 
mended as a coherent, intelligible account of work upon its 
subject and of present theories. 

Les MOTEURS A COURANTS ALTERNATIFS. 

By Louis Lagron. Paris, Albert Blanchard, 1927. 
illus., diagrs., 7 x 5 in., paper. 25 fr. 

A text-book on the theory, design and construction of these 
motors, covering the ground usually covered by a college text. 
Tue PHAsE RULE AND ITS APPLICATIONS. 

By Alexander Findlay. 6th edition. N. Y., Longmans. 
Green & Co., 1927. (Text-books of physical chemistry). 326 
pp., illus., diagrs., tables, 9 x 6 in., cloth. $3.50. 

A non-mathematical explanation of the principles underlying 


429 pp., 


. the Phase Rule, with illustrations of their application to the 


classification and investigation of cases of chemical equilibrium. 
The book is intended for students of physical chemistry, metal- 
lurgy and geology, and aims to be elementary enough for the 
beginner of the subject. This edition has been altered exten- 
sively and carefully revised throughout. 


PIONEERS OF WIRELESS. 
By Ellison Hawks. Lond., Methuen & Co., 1927. 
illus., ports., 9x 6 in., cloth. 12/6. 


After giving an account of the researches of the early students 
of electricity, who laid the foundation upon which the art of 
wireless is based, the author discusses the development of 
methods by conduction and by induction down to the invention 
of the thermionic valve. The result is a history which begins 
with William Gilbert and traces its subject to recent times, 
ealling attention to many men whose work is frequently over- 
looked or undervalued. 


304 PP., 


PRACTICAL Rapio TELEGRAPHY. 

By Arthur R. Nilson and J. L. Hornung. N. Y., MeGraw- 
Hill Book Co., 1928. 380 pp., illus., diagrs., 8x 6 in., cloth. 
$3.00. 

A well balaneed text-book, prepared for training radio opera- 
tors, and covering the knowledge necessary to obtain licenses. 
It is also adapted for use as a reference book by those charged 
with the maintenance of the types of equipment discussed. 
Covers radio telegraphy as used in the marine services. 


PROCEEDINGS OF THE 13TH ANNUAL MEETING, 1927. 

American Society for Testing Materials. Philadelphia, 1927. 
2 v., illus., diagrs., tables, 9x6 in., cloth. $6.50; half-leather, 
$8.00; paper, $6.00. 

The proceedings are issued in two parts. The first contains 
reports of the 48 committees charged with the preparation of 
various standards, together with 88 tentative standards, which 
were submitted or revised at this meeting. Part two contains 33 
papers presented at the meeting. These describe investigations 
of the properties of metals and of methods for testing metals, 
of cement and concrete, of asphalts, and of rubber. 


RADIOTECHNIK, v. 5; Die Elektronen-Róhre. 

By Otto Stürner. Ber. u. Lpz., Walter de Gruyter & Co., 
1927. 124 pp., illus., diagrs., 6x 4 in., cloth. 1,50 r. m. 

A concise text upon vacuum tubes, their manufacture, pro- 
perties, uses and modes of action. 


SHort History or Puysics. 
By H. Buckley. N. Y., D. Van Nostrand Co., 1927. 
pp.. 8x 5 in., cloth. $3.00. 


A historical account of the development of physics from 
its earliest origins to the present day. The author has had in 
mind the needs of the general reader and the scientist who is 
not a specialist in physics, and has attempted to supply a simple, 
yet exact account which is not overburdened with detail. He 
traces successfully the development of present theories from the 
successes and failures of earlier investigators and gives a good 
survey of the subject. 
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THERMIONIC PHENOMENA. 
By Eugéne Bloch. N. Y., E. P. Dutton & Co., 1927. 
pp., diagrs., tables, 7 x 5 in., cloth. $2.50. 


A discussion of the phenomena of electrical conductivity 
exhibited in the neighborhood of substances which are raised to 
a sufficiently high temperature. The author gives a concise, 
clear review of the experimental work in this field and of the 
t heoretieal conclusions that have been accepted, as well as an 
account of the industrial applications of the phenomena. 
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ing with the Western Society of 
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T he service is available only to their membership, and is maintained as a coop- 


erative bureau by contributions from the societies and their individual members who are directly benefited. 


Offices:—31 West 39th St., New York, N. Y .,—W. V. Brown, Manager. 
58 West Jackson Blvd., Room 1786, Chicago, Ill., A. K. Krauser, Manager. 

57 Post St., San Francisco, Calif., N. D. Cook, Manager. 

MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 
three months and are renewable upon request. 


period of 


Names and records will remain in the active files of the bureau for a 
Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 31 West 39th Street, New York City, and should be received prior to the 15th day 


of the month. 


OPPORTUNITIES.—4A Bulletin of engineering positions available ts published weekly and is available to 
members of the Societies concerned al a subscription rate of $3 per quarter, or $10 per annum, payable in advance. Posi- 
tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 

VOLUNTARY CONTRIBUTIONS.—Membcrs obtaining positions through the medium of this service are 
invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year's salary; temporary positions (of one month or less) 
The income contributed by the members, together with the finances appropriated 
by the four societies named above will it is hoped. be sufficient not only to maintain, but to increase and eztend the service. 

REPLIES TO ANNOUNCEMENTS.—HReplies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a (wo cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


three per cent of total salary received. 


to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 


UNDERGROUND DISTRIBUTION ENGI- 
NEER. 30-35, technical graduate. having con- 
siderable initiative, ability and experience on 
design and construction of a-c. underground 
systems. Apply by letter, giving complete 
information, as to age, education and experience. 
Permanent. Location, New York. X-3540-C. 


SHOP MANAGER, graduate mechanical 
engineer, 35-40. with up-to-date shop experience, 
for company manufacturing all kinds of electric 
equipment, such as telephone apparatus, cables, 
lights, etc. Must be experienced executive, able 
to redesign if apparatus is not practical. Piece 
rate and cost experience desirable. Apply by 
letter. Location. Middlewest. X-3392. 


FACTORY SUPERINTENDENT. graduate 
electrical engineer, 40-50, with proved record for 
manufacturing in all its details. Good adminis- 
trator experience ín control of labor. costs, pro- 
duction. etc., as well as in control and direction 
of inventors. model and tool makers. Apply by 
letter. giving age, education, experience and actual 
responsibilities for last 10 years, not only by titles 
but by description. Company employs over 1000 
hands. Product consists of devices mostly 
mechanical. Location, New England. Apply 
only by letter. X-3721-C-S. 

SALES ENGINEER, to demonstrate, install, 
and sell gear cutting machinery. Must have this 
experience. Apply by letter. Permanent. Salary 
$65 a week. Headquarters, New York City. 
Traveling. X-4003. 

ENGINEER, to take over line of carbon 
products in New York territory. Headquarters, 
Pennsylvania. Apply by letter. X-3007-C. 


RESEARCH GRADUATE ASSISTANT- 
SHIPS, in engineering experiment station of Mid- 
dlewest university, devoting one-half time to engi- 
neering research and the remainder to graduate 
study. Training gives excellent preparation for engi- 
neering teaching, for engineering research and for 
the profession of engineering. Applications for 
appointment should be sent by April 1, 1928. 
Blanks furnished upon request. Apply by letter. 
Annual stipend $600 and freedom from fees. 
X-4156-C-8. 

RADIO ENGINEER, for research and de- 
velopment work in receiver circuits for position 
with large stable radio corporation. Must have 
E. E. or equivalent degree and must have con- 
ducted original experimental investigations along 
similar lines. Apply only by letter. Location, 
New York City. X-2419. 


MEN AVAILABLE 


EXECUTIVE OR ASSISTANT, 36, married. 
12 years’ experience covering distribution, in- 
stallation, sales, administration, purchasing, 
Statistics, special reports. Capable, energetic, 
adaptable and loyal. Desires connection with 
engineering, manufacturing or publie utility 
concern, where hard work and ability will be 
recognized. Location,  Maiddlewest preferred. 
C-3616. 

ELECTRICAL ENGINEER, graduate, 23, 
experienced in layouts, connection diagrams 
detailing switchboards, instrument transformer 
design and estimating. Desires permanent posi- 
tion with opportunty for advancement. Location, 
immaterial. C-4044. 

ELECTRICAL AND MECHANICAL ENGI- 
NEER, 42, married. Technical University grad- 
uate. Sixteen years of practical experience in 
design, test and operation of a-c. and d-c. motors, 
generators: relays, contactors, controllers, switch 
board panels: elevator construction, hoisting 
equipment and installations: electric arc welding: 
development and production work. Location, 
East. B-5240. 

EXECUTIVE OR ASSISTANT ELECTRI- 
CAL ENGINEER, 43, married. Well-balanced 
experience; 8 years power plant, substation design 
with electric railways. public utilities; 12 years 
with consulting engincer, industrial plant work 
covering tests, surveys, reports, design, specifica- 
tions, construction supervision. Desires position 
with consulting engineer, architect or large 
industry with number of plants. Location, 
eastern Pennsylvania. C-4045. 

COLLEGE TEACHER OR INDUSTRIAL 
RESEARCH ENGINEER, 33, married, M. S. 
in E. E., Ph. D. in Physics. Three years with 
General Electric Company; three years teaching 
electrical engineering in college; three years 
teaching physics in colleges. Location, West, 
prefer Pacific slope. C-3444-78-C-4. 

ELECTRICAL ENGINEERING GRAD- 
UATE, B. S. in E. E., 23, single, year in industrial 
electrical maintenance and one year with natural 
gas company. Desires position as instructor or 
one in connection with high-voltage research. 
Location, immaterial. C-4024. 

ELECTRICAL ENGINEER, 30, married, 
desires a permanent position in which production 
or development work on small electrical or 
mechanical parts will predominate. Ten years’ 
engineering experience with Vickers Ltd., and 
Westinghouse; also street railway experience and 
some drafting. C-846. 


MANAGER-EXECUTIVE. 42, married, tech- 
nical education; four years United States Govern- 
ment Foreign Service, construction, operation; 
ten years operating executive, nationally known 
holding company, Interests, United States; 
three years Far East, foreign executive. consultant, 
engineer. Location. foreign or domestic. C-4036. 

ASSISTANT TO ENGINEER OR SUPERIN- 
TENDENT. Electrical and mechanical engineer 
with nine years’ experience in responsible position 
in the installation, testing, opcration and main- 
tenance of generating and substation equipment of 
large public utility. Also experienced in in- 
dustrial plants and general engineering. Has 
initiative, ability, and can secure results. C-2456. 

ELECTRICAL ENGINEER, from a well- 
known Middle West University, age 23, specialized 
in Railway Engineering. desires experience with 
some electrical railway concern and to represent 
them in the future in his homecountry. Location, 
New York or Philadelphia. C-3182. 

ELECTRICAL ENGINEERING TEACHER, 
28, married, desires position teaching Electrical 
subjects in school, college or university, west or 
southwest. Experience; one year General Electric 
Company Test, two and one-nalf years teaching 
Electrical Engincering subjects in college. Mini- 
mum salary, $2700. Now employed as assistant 
professor, but available on short notice. B-8062. 

RECENT GRADUATE, B. S. E. E. and E. E., 
one year of varied experience. Employed at 
present, desires position in consulting engineer's 
office. Excellent references. Location preferred, 
New York City. C-4070. 

ELECTRICAL ENGINEER, 33, 3! years’ 
public utility experience, desires position as 
structural or electrical draftsman. Excellent 
references from former employers. C-1623. 


OPERATING AND TEST ENGINEER, 33, 
married. Experienced in the design, erection, 
tests and operation of substation and power house 
equipment; electric locomotives, shovels, mine and 
mill equipment; relay protection and metering: 
speaks Spanish. Location, United States or 
foreign. C-3549. 


ELECTRICAL ENGINEER, 23. single. Ex- 
perienced in construction of transmission lines 
abroad and testing of equipment. Some knowl- 
edge of power plants and some practical experience 
in their operation. Location, immaterial. C-4069. 

GRADUATE ENGINEER, 18 months of 
Westinghouse Test; research and development 
experience; 10 months installation work on auto- 
matic substations. Employed at present but 
available on reasonable notice. C-4079. 
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ELECTRICAL ENGINEER, 25, single, to do 
engineering ‘graduate work, technical or practical, 
preferring practical, or sales engineering. Has 
had four years’ of practical experience with large 
manufacturing company testing all types of 
electrical control. Location preferred, Middle- 
west. C-3-25-1394. 


ELECTRICAL ENGINEER with eleven years’ 
broad experience in teaching and practical engi- 
neering work in manufacturing and public utility 
companies, wishes a professorship in electrical 
engineering. Holds a master's degree from a 
recognized eastern university, has been an asso- 
ciate professor for four years and seeks greater 
opportunities. B-7892. 


GRADUATE ELECTRICAL AND ME- 
CHANICAL ENGINEER, University of Cali- 
fornia. B. S. and M. S. Teaching and labora- 
tory as well as power and industrial experience. 
Would like teaching or laboratory position or 
work involving application, control or design. 
Position with consulting engineer desired. Excel- 
lent references. Available end of April. Loca- 
tion, immaterial. C-2938. 


ELECTRICAL ENGINEER, 30, married. 
Graduate E. E., General Electric Test 114 years; 
electrician and foreman on industrial maintenance 
and construction 2:4 years; 3% years generating 
and substation construction with some experience 
on station operation, distribution, rates and 
services. Location, United States, Canada. 
B-7637. 


ELECTRICAL ENGINEER, 24, single. Four 
years' experience in all departments of interurban 
rallroad: one year as mechanical and Patent 
Office draftsman: two years as assistant engineer 
of large interurban railway system. Location 
preferred. United States. C-4094-1564. 


ASSISTANT TO OPERATING SUPERIN- 
TENDENT, 28, married. "Technical graduate; 
15 months' Westinghouse course on power and 
railway work: 24 years computor on new electri- 
fication at Cleveland, Ohio; 15 months appraisal 
engineer on Utility in Tennessee. Desires 
permanent position with future. Location, East 
or Middlewest. C-3997-1659. 


SALES SERVICE ENGINEER, 34, married, 
eight years service and construction, large electri- 
cal manufacturing company. Five years con- 
struction power house and substation. Wide 
acquaintance, central station and industrial fleld. 
Location. Chicago. C-4083. 


MANUFACTURER'S REPRESENTATIVE. 
Wish to act as agent in Pittsburgh District for 
manufacturer of Electrical or Mechanical appara- 
tus or supplies on commission basis. Electrical 
engineer with broad engineering experience. 
C-4089. 


ASSISTANT TO OPERATING DEPART- 
MENT HEAD OF PUBLIC UTILITY or toa 
production manager of a manufacturing company. 
Three years’ shop experience, machine and auto 
body shop; 18 months with large public utility 
planning and economic studies. B. E. E. in 1926. 
C-2819. 

ELECTRICAL ENGINEER, 27, single, two 
years' Westinghouse training. three years public 
utility. Experienced in design of underground 
and overhead distribution systems. Location 
preferred, East or Middlewest.  C-1298. 


PLANT ENGINEER, married. Generating 
and industrial plant construction and operation, 
survey and improvement of industrial plants and 
manufacture, development of automatic machines 
and automatic control of machinery. Versatile, 
resourceful, capable of training men and increasing 
efficiency. Location, New York City or vicinity. 
B-7005. 

EXECUTIVE REGISTERED MECHANI- 
CAL ELECTRICAL ENGINEER: New Jersey 
and Pennsylvania: enginecring statistics, cost 
reduction and reorganization of industrial factories 
and power plants; design, construction, mainte- 
mance; steam and water power: fire protection; 


INSTITUTE AND RELATED ACTIVITIES 


heating, ventilating, lighting. electric power: 
operating costs reduced and factories enlarged 
without stopping operation. Massachusetts In- 
stitute of Technology, Protestant, American. 
B-5714. 


ELECTRICAL ENGINEER, 31, single, who 
has been handling large construction projects 
successfully. Experienced and trained in engi- 
neering Management, production control and 
construction. Especially valuable to engineering 
firm or public utility. Electrical manufacturing 
or industrial connection considered. Location, 
immaterial. Salary commensurate. C-636. 


GRADUATE ELECTRICAL ENGINEER 
AND LAWYER, certified technical patent 
expert, more than twenty years’ experience in 
Patent Law, Engineering and Experting, un- 
married, desires permanent position. B-7252. 


TECHNICAL GRADUATE of Pratt Institute 
of Science and Technology, 1926; 23, single, has 
had four years’ practical experience in sub and 
generating station operation and maintenance 
work; desires permanent position with public 
utility or manufacturing company dealing in 
electrical material. Location, New York or 
vicinity. C-3909. i 


ELECTRICAL ENGINEER. 28, married. 
One year construction, two years electrical engi- 
neer with manufacturer, past two years instructor 
in electrical engineering at State University. 
Desires permanent connection with engineering 
or industrial concern or public utility. C-1073- 
73-C-1-San Francisco. 


RADIO-VACUUM TUBE ENGINEER, 35, 
married. Degrees of B. E. E. and M. S. in 
Physics. Three years in transformer design, last 
four and one-half years receiving tube design 
and development, including life tests and per- 
formance in close coordination with receiving set 
design. Familiar with tube manufacture and 
their application to circuits. B-1862. 


SALES AND GENERAL MANAGER, 33, 
married, college. Familiar business organization 
sales, manufacturing, engineering departments. 
Five years sales and assistant in charge sales 
promotion large Public Utilities, Industrials. etc., 
in territory east of Rockies: later in Chicago. 
Five years engineering and manufacturing depart- 
ments General Electric Company. Interested 
in administrative duties. C-4112. 


DISTRIBUTION ENGINEER, 32, married. 
Eight years' experience two large public utilities, 
desires connection with public utility. preferably 
in Ohio or Midwestern state. Broad overhead 
distribution experience; complete charge last 
four years revamping 25 systems serving towns or 
small cities 5000 to 25,000 population. Also 
underground transmission. small outdoor sub- 
station design experience. C-4021. 


MANUFACTURING EXECUTIVE, A. 8. 
M. E. and A. I. E. E., 45, married. A mechanical 
and electrical engincer who has had marked success 
taking charge of a new product to be manufactured. 
developing material and labor saving equipment 
and putting into full operation, supervising all 
details of economical production and marketing. 
Location, East preferred. C-2406. 


ELECTRICAL ENGINEER wants position 
in electrical field. Wide experience in engineering, 
manufacturing, sales, erection and operation of 
storage batteries. Graduate of Massachusetts In- 
stitute of Technology in Electrical Engineering. 
C-4109. 


ELECTRICAL ENGINEER with twenty 
years' experience in making surveys, designs and 
supervising the construction of underground 
distribution systems. Has been exceptionally 
successful on recent  Three-Phase-Four wire 
systems on underground distribution. Individual 
surveys and designs considered on a monthly 
salary basis. Highest references from leading 
engineers. B-4272. 


Journal A. I. E. E. 


ELECTRICAL ENGINEER, single, seven 
years’ experience. Executive experience with 
contractors as designer of electrical and mechanical 
layouts, writer of specifications for schools, office 
buildings, hospitals and theaters. Broad knowl- 
edge of electrical and mechanical equipment, 
supervision of installations of such equipment, 
General Electric test course. Desires permanent 
position with good future. C-2268. 


GRADUATE ELECTRICAL ENGINEER. 
25, two years’ experience in cable and substation 
work, wants connection with utility or mining 
company. Location, immaterial. C-2449. 


ELECTRICAL ENGINEER, 26, single, M. 8. 
‘25, cooperative course Massachusetts Institute 
of Technology and General Electric Company. 
One year general Electric design, two years large 
eastern utility, engineering and distribution 
departments, transmission line studies, estimating, 
inspection and maintenance. Desires position 
with contracting, engineering or utility company. 
Middle West preferred. Highest references. 
C-4043 


GRADUATE ELECTRICAL ENGINEER. 
28, married; two years’ experience in meter and 
service work as foreman. Wishes to obtain 
position in the Distribution Department of large 
public utility where there is chance for advance- 
ment. Location preferred, Middlewest or South. 
C-4073. 


ELECTRICAL ENGINEER, 41. married, 
Scandinavian, graduate of technical college, B. S. 
9 years in United States. Varied experience in 
design of electrical and mechanical apparatus. 
Capable of developing ideas. Also experienced 
in power houses and substations. Thorough 
education, knows several languages, including 
Spanish. Willing to travel, but work along 
theoretical lines preferred. C-216. 


ELECTRICAL ENGINEER, 48. Varied ex- 
perience in construction maintenance of industrial 
plants and textile mills including the up-keep 
of cranes, elevators, remote control, welder and 
magnets. Design and manufacturing of con- 
trollers, motors for industrial trucks and tractors: 
also locomotives for mine work; in charge of 
department for 12 years. Location preferred, 
East or Great Lake region. C-4128. 


GRADUATE ELECTRICAL ENGINEER, 
25, single, one year out of Cornell. Desires work 
on station design, transmission or distribution 
Six seasons of technical experience including one 
season of high line maintenance; also one year of 
station design. Location preferred, New York 
State or vicinity. C-4129. 


EXECUTIVE ENGINEER OR MANAGER, 
44, five years college, seeks responsible position 
where 24 years' experience in the industry would 
appeal. Many years Westinghouse and Crocker 
Wheeler, and chief engineer for two smaller 
concerns. Five years departmental manager 
in complete charge of motor production, engineer- 
ing and shop. Also sales experience. Unusually 
broad outlook.  C-30. 


PUBLIC UTILITY ENGINEER, 31, married. 
Experienced in gas and electric utility operation 
and development. Costs and rates, public 
relations, power sales, merchandising, organization 
routine, economics, etc., desires position as 
assistant to commercial or general executive to 
take charge of details. Location, South or West 
preferred but immaterial. €C-4132. 


ELECTRICAL ENGINEER, with broad 
experience in design and manufacture of small 
electrical apparatus and instruments. Thoroughly 
familiar with design, practical manufacture and 
application of such products. Experienced execu- 
tive capable of building up new or improving 
old organizations. Expert in developing manu- 
facturing methods and processes, standardization, 
and quantity production. American, Christian. 
B-2721. 
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RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its meeting held 
February 8, 1928, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the National 
Secretary. 

To Grade of Fellow 


LITTLETON, JESSE T.. Chief, Physical 
Laboratory, Corning Glass Works, Corning. 
N. Y. 


To Grade of Member 


BASSETT, WALTER G., Chief Engineer, Cady 
Lumber Corp., McNary, Ariz. 


BLACK, JOHN C , Supt., Southwest Power Co., 
Rogers, Ark. 

BROWN, MICHAEL J., Electrical Engg. Dept., 
Brooklyn Edison Co., Brooklyn, N. Y. 
CONNELL, LAWRENCE H., Research Engi- 

neer, Detroit, Edison Co., Detroit, Mich. 


GAMBLE, LESTER R., Asst. Elec. Engr., 
Washington Water Power Co., Spokane, 
Wash. 

GRAYSON, ALFRED CLARK, Supt. Elec. 
Constr., Public Service Production Co., 
Newark, N. J. 

HOCKADAY, OLIN S, , Transmission Supt., 
Texas Pr. & Lt. Co., Dallas, Texas. 

HUANG, THEODORE $S., Electrical Designer, 
Stone & Webster, Inc., Boston, Mass. 

JOHANSSON, KARL W., Switchboard Engineer, 
Westinghouse E. & M. Co., East Pittsburgh. 
Pa. 

JOHNSON, RICHMOND C., Electrical Engineer, 
2638 Cleveland Ave., Kansas City, Mo. 
LEE. EVERETT S., In charge, Insulation 
Division, General Elec. Co., Schenectady, 

N. Y. 

LOGAN, HENRY, Engineering Consultant, 
Holophane Co., New York, N. Y. 

MILLS, EDWARD A., Supt. of Power, Tenn. 
Copper Co., Copperhill, Tenn. 

PAWSON, HERBERT E., Asst. Commercial 
Mer., Power Corp. of Canada, Ltd., Montreal, 
Que., Can. . 


PERRY. IRVING D., Engg. Asst., Public 
Service Production Co., Newark, N. J. 


READY, WILLIAM A., President and General 
Manager, National Co., Inc., Cambridge, 
Mass. 


SENAUKE, ALEXANDER, Assistant Director, 
Popular Science Institute, New York, N. Y. 


SHANCK, ROY B., Engineer, American Tel. 
& Tel. Co., New York, N. Y. 


SISSON, CHARLES E., Transformer Engineer, 
Canadian General Elec. Co., Toronto, Ont., 
Can. 


STRONG, ELMER E, Vice-President, Schiefer 
Elec. Co., Inc., Rochester, N. Y. 


SWAN, GEORGE L., Engineer, National Board 
of Fire Underwriters, New York, N. Y. 


TENNYSON, ALFRED L., Supt. of Engg., 
Rio de Janeiro Tramway Lt. & Pr. Co., 
Rio de Janviro, Brazil, S. A. 


TERRY, CLARK A., Supt., 
Hydro-Electric Development, 
N.Y. 


WOOD, HARRY G., District Engineer, Westing- 
house Elec. & Mfg. Co., New York, N. Y. 


Sherman Island 
Glens Falls, 


INSTITUTE AND RELATED ACTIVITIES 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a grade higher than Asso- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Secretary before March 31, 1928. 


Alexander, A. M., Hub Engineering Co. New 
York, N. Y. 

Allen, R. C., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Anderson, G. D. E., Canadian Westinghouse Co., 
Ottawa, Ont., Can. 

Araldsen, O., Brooklyn Edison Co., Brooklyn, 
N. Y. 

Armitage, L. C., 207 Grand Ave. 
N. Y. 

Aro, I. N., General Electric Co., Philadelphia, Pa. 

Atkinson, R. G., Public Service Co. of Colorado, 
Denver, Colo. 

Auger, P. E., Bell Telephone Laboratories, New 
York, N. Y. 

Augur, J. M.. Westinghouse Elec. & Mfg. Co., 
Hartford, Conn. 

Ball, M. T., Bull Dog Electrical Products Co., 
Grand Rapids, Mich. 

Becker, C. T., Brooklyn Edison Co., Brooklyn, 
N. Y. 

Billings, C. P., (Member), Electric Bond & Share 
Co., New York, N. Y. 

Bronson, R. O., Erie Lighting Co., North East, Pa. 

Browne, K. A., Cornell University, Ithaca, N. Y. 

Brundage, H. F., School of Engineering of Mil- 
waukee, Milwaukee, Wis. 

Burns, D. G., Canadian Westinghouse Co., Ltd., 
Hamilton, Ont., Can. 

Burr, G. W., Beli Telephone Laboratories, New 
York, N. Y. 

Bush, R. M., Virginia Electric & Power Co., 
Petersburg, Va. 
Byrne, R. W., White Metal Trust Co., Los 
Angeles, Calif. . 
Carneiro, U. G., Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis. 

Carpenter, W. W., (Member), Bell Telephone 
Laboratories, New York, N. Y. 

Charlesworth, G., Iowa Railroad Commission, 
Des Moines, Iowa 

Chester, F. E., (Member), Philadelphia Electric 
Co., Philadelphia, Pa. 

Chin, L. C., United Electric Light & Power Co., 
New York, N. Y. 

Christopher, A. J., Bell Telephone Laboratories, 
New York, N. Y. 

Ciarelli, P. F., New York Edison Co., New York, 
N. Y. 

Clyde, J. P., Public Service Co. of No. Illinois, 
Chicago, Ili. 

Collins, J., Public Service Production Co., 
Newark, N. J. 

Connolly, J. P., Hoffman & Elias, New York, 
N. Y. 
Consolver, P., 

Chicago, Ill. 
Copenhaver, P. S., Western Union Telegraph Co., 
New York, N. Y. 
Costa, A., T. F., Jones & Co., New York, N. Y. 


Cox, V. L., General Electric Co., Philadelphia, Pa. 

Creasey, W., So. California Edison Co., Long 
Beach, Calif. 

Crittenden, R. E., Public Service Electric & Gas 
Co., Newark, N. J. 

Curran, W. R., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 


Brooklyn, 


Illinois Power & Light Corp., 
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Ourtis, F., Southern Sierras Power Co., Riverside; 
Calif. 

Dean, G. E., Public Service Electric & Gas Co., 
Newark, N. J. 

Dempster, E. R., Jensen Radio Mfg. Co., Oakland, 
Calif. . 

Derrick, C. L., Public Service Electric & Gas Co., 
Newark, N. J. 

Dowd, A. J., Western Electric Co., Kearny, N. J. 

Durgin, M. F., Charlestown High School, Charles- 
town, Mass. 
(Applicant for re-election.) 

Dusinberre, C., School of Engineering of Mil- 
waukee, Milwaukee, Wis. 

Engh, H. M., Mutual Telephone Co., Erie, Pa. 

Enssor, B. H., Waldrich Bleachery, Delawanna, 
N. J. 

Evangel, C. E.. Mountain States Tel. & Tel. Co., 
Denver, Colo. 

Evenden, F. R., Public Service Production Co., 
Newark, N. J. 

Farrow, F. R , Jr., Victor Talking Machine Co., 
Camden, N. J. 

Fatum, C. H., Public Service Production Co, 
Newark, N. J. 

Feather, A. M., Texas Louisiana Power Co, 
Fort Worth, Texas 

Fennis, A. M., English Electric Co., St. Catharines, 
Ont., Can. 

Fieneman, C., Safety Cable Co., Bayonne, N. J. 

Finley, S. R. G.. (Member), Ohio Public Service 
Co., Mansfield. Ohio 

Fisher, B. F., Mountain States Tel. & Tel. Co., 
Denver, Colo. 

Fisk, W. B., Jr., Brooklyn Edison Co., Brooklyn, 
N. Y. 

Fleshman, B. A., Bristol Gas & Electric Co., 
Bristol, Tenn. 

Fogel, F. K., Electrical Contractor & Engineer, 
Allentown. Pa. 

Ford, L. O., Condit Electric Mfg. Corp.. New 


. York, N. Y. 

Forrest, E. F., Standard Dental Mfg. Co., Phila- 
delphia, Pa. 

Francesco, A., Brooklyn Edison Co., Brooklyn. 
N. Y. 

Freeman, R. B., Columbia Power Co., Columbia 
Park, Ohlo 

Frey, H. A., Locke Insulator Corp., Baltimore, 
Md. 


Gartner, H. C., Union Gas & Electric Co., Cin- 
cinnati, Ohio 

Gates, R. H., Century Electric Co., St. Louis, Mo. 

Given, F. J., Bell "Telephone Laboratories, 
New York, N. Y. l 

Glenn, H. H., (Member), Bell Telephone Labora- 
tories, New York, N. Y. 

Gliddon, W. G. C., Gatineau Power Co., Ottawa, 


Ont., Can. 

Goetz, M. T., Illinois Inspection Bureau, Joliet, 
Tll. 
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ower, n 
Louisville D. C. Jackson, Jr. W.C. White, Southern E Beli Tel. & Syracuse C. E. Dorr F. E. Verdin, 615 City Bank Bldg.. 
Tel. Co., Louisville, w^ yracuse, N. Y. 
Lynn W. F. Dawson V. R. Holmgren, Gen. Elec. Co., Toledo T. J. Nolan Max Neuber, 1257 Fernwood Ave., 
dg. 64 G, Lynn, Mass Toledo, Ohio 
Madison J. T. Rood H. J. Hunt, D. W. Mead and Toronto C. E. Sisson F. F. Ambuhl, Toronto Hydro- 
C. V. Seastone, eats Journal Piss: System, 226 Yonge St., 
Bidg., Sadica, Toronto, Ont., Canada 
M ezico B. Nikiforoff E. D. Luque Provideacia 520, Urbana J. O. Kraehenbuehl J. K. Tuthill, 106 Transportation 
Colinia Del Valle, Mexico, D. P., Bldg.. University of Illinois, 
Milwauk John D. Ball Win} Ladwig ig, Wi Tel. phe nde 
waukee ohn D. Ba isconsin Te : ` : : 
Co. ^us jb Geay. Milwaukee. Utah Daniel L. Brundige C. m C Ps Ce oan Co.. 
Minnesota J. E. Sumpter Gilbert Cooley, Rice & Atwater. Vancouver A. C. R. Yuill J. Teasdale, British Columbia 
St. Paul, Min Elec. Railway Co., Vancouver, 
Nebraska N. W. Kingsley Roy Hagen, General Electric Co., . 
maha, Nebraska Washington, D. C. M. G. Lloyd H. E. Bradley, Potomac Elec. 
New York L. W. W. Morrow J. B. Bassett, General Elec. Co., Pr. Co., 14th i C Sts., N. W., 
120 Broadway, New York, N. Y. Washington, D i 
Niagara Frontier L. E. Imlay E. P. Harder, 05 Electric Build- Worcester Guy F. Woodward P. B. Crosby, Morgan Construc- 
ing, Buffalo, N. Y. tion Co., 15 Belmont St., Wor- 
Oklahoma Edwin Kurtz B. A. Fisher, Oklahoma A. & M cester, Mass. 
College, Stillwater, Okla. Total 52 
| LIST OF BRANCHES 
; , aba pd 
Name and Location Chairman Secretary „Member of Faculty) 
Akron, Municipal University of, Akron, Ohio................... ERAT TTE Ea C. R. Delagrange P.W Bierman LT Walther 
Alabama Polytechnic Institute, Auburn, Ala....s.essssesososessosoesoossao C. T. Ingersoll W. P. Smith . W. Hill 
Alabama, University of, University, Ala...... Va pe des Vaca aci x a dcs cas ac AR RAE e Sewell St. John J. M. Cardwell, Jr 
Arizona, University of, Tucson, Ariz.... ccce hh hn We itchell Audley Sharpe . C. Clark 
Arkansas, University of, Fayetteville, Ark... 0.0.0... cc cece eect nnn Mann, Jr Dick Ray . B. Stelzner 
Armour Institute of Technology, 3300 Federal St., Chicago, Ill................ J. Anderson H. T. Dahlgren D. P. Moreton 
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y............. James Brown F. W. Campbell Robin Beach 
Bucknell University, Lewisburg, Pa..................... eere Pee ab CR Bis B. Timm A. C. Urffer W. K Rhodes 
California Institute of Technology, Pasadena, Calle: visura acl eons eves . W. Thatcher . G. Kuhn R. W. Sorensen 
coors University of, Berkeley, Calif............ ccc cece ee ee eren nnn ohn F. Bertucci athan C. Clark T. C. McFarland 
Carnegi e Institute o Technology, Pittsburgh, P@eci ccd oc hahaa vA ade . D. Cole . R. Britton B. C. Dennison 
Case hool of Applied Science, Cleveland, Ohio 1/94 03 Aca OR RACE adn CR RO G. J. Currie . C. Taylor H. B. Dates 
Catholic University of America, Washington, D POM a Ge C PRINS MER J. V. O'Connor R. H. Rose T. J. MacKavanaugh 
Cincinnati, University of, Cincinnati, O........... 0. ccc cee hh hrs C. E. Young W. C. Osterbrock W. C. Osterbrock 
Clarkson College of echnology, Potsdam, NY esp hig os er e edite d nee G. L. Rogers S. Loomis A. R. Powers 
Clemson Agricultural College, Clemson College, Se emer E E A. P. V ylie Brogdon S. R. Rhodes 
Colorado, University of, Boulder, Colo.............. eee hn nn . A. Setter H Arnold W. C. DuVall 
Colorado State Agricultural College, Fort Collins, Colo...................eess arold Groat Howard Steinmetz H. G. prensa 
Cooper Union, New York, N.Y... 0... ccc ee ct eee hh 9 hh E. T. Reynolds Wilfred Henschel N. L. Towle 
Denver, University of, Denver, Colo sese ia tia CT CA OR Rp RC Mita RR ES G. K. Baker L. L. Booth R. E. Nyswander 
Drezel Institute, hiladelphia, lu t pM Ro" J. E. Young C. J. Backman E. O. Lange 
Duke University, Durham, N. C...............ceeeeeee ehe hh ees O. T. Colclough F. A. Bevacqua W. J. Seeley 
Florida, University of, Gainesville, Pla.............. eee hh nn W. H. Johnson A. C. Dean š L M. Weil 
Georgia School of Technology, Atlanta, OB. ics c uA RU RR VES ee ee J. A. Hart O. P. Cleaver S. Hannaford 
Idaho, University of, Moscow, Idaho......... ccc ccc ce cc cece hern R. G. Elliott F. B. Peterson i H. Johnson 
Iowa State College, ‘Ames, TOW RH SA ae A a Alek coe nines ace ag W. H. Curvin W. H. aM . A. Fish 
Iowa, State University of, Iowa City, Iowa... ..... 0c ee hn F. L. Kline M. B. Hur A. H. Ford 
Kansas State College, Manhattan, Kansas iun cpu cea Pa SA UP dE NUR o aa can doce dioe usb rach R. D. Bradley E. C. Shenk R. G. Kloeffler 
Kansas, University of, Lawrence, Kans......... ccc ccc ccc cece hh m rmn R. M. Alspaugh W. A. Wolfe G. C. Shaad 
Kentucky, University of, Lexington, Ky........ ccc ccc cece ener hh nnn H. M. Otto D. M. James W. E. Freeman 
Lafayette College, Easton. Pa. o oa exes a b bee Oa a ek ES UR A P e ROTER pa John W. Dagon H. W. Lovett Morland King 
Lehigh University, Bethlehem, Pa............ TQ pep DEEST H. C. Towle, Jr W. D. Goodale, Jr L L. Beaver 
Lewis Institute, Chicago, 11............. cc ce eee ce eee eee ences ee eees A. R. Sansone G. M. Berg A. Rogers 
Louisiana State University, Baton Rouge, La........... ccc cette eet enn R. C. Alley Henry Jo ner M. B. Voorhies 
Maine, University of, Orono, Maine.......... ccc cece ete eect ence ewer mh R. F. Scott E. W. Jones Wm. E. Barrows, Jr. 
Marquette University, 1200 Samoe St., Milwaukee, Wig............... eese . R. Adriansen H. i Lavigne LE H. Douglas 
Massachusetts Institute of Technology, Cambridge, Mass... onnon o eR eos . M. Hall H. F. Krantz H. Timbie 
Michigan State College, East Lansing. Mea A ciu quee d zie e i que uid K. E. Hunt S. W. Luther L. S. Foltz 
Michigan, University of, Ann Arbor, Mich ..........l lees hm L. J. Van Tuyl W. E. Reichle B. F. Bailey 
Milwaukee, Engineering School of, 415 "Marshall St.. Milwaukee, WIS V er ua ioseph Havlick H. F. Brundage Jonn D. Ball 
Minnesota, University of, Minneapolis, Minni o earra bot eke Se E dca cl G Brown G. C. Hawkins Kuhlmann 
Mississippi Agricultural & Mechancal College, A. & M. College, Miss.......... H. M. Stainton R. S. Kersh L. L. Patterson 
Missouri School of Mines & Metallurgy, Rolla, Mo............... eere H. H. Brittingham E. J. Gregory I. H. Lovett 
Missouri, University of, Columbia, Mo....... "re C. E. Schooley W. D. Johnson M. P. Weinbach 


Mar. 1928 


LIST OF BRANCHES— Continued. 


INSTITUTE AND RELATED ACTIVITIES 


249 


Counselor 
Name and Location Chairman Secretary (Member of Faculty) 
Montana State College, Bozeman, Mont........ceee ee eeosooeoccececcecee s, W. F. Kobbe G. E. West p^ A. Thaler 
Nebraska, University of, Lincoln, Neb..........eeeee een OE PCS xa eaten W. A. Van Wie Keith Davis W. Norris 
Nevada, University of, Reno, Nevada.........eceeeeeeeeee ee tht K. K. Knopf Clark Amens S. G. Palmer 
Newark College of Engineering, 307 High. St., Newark, New Jersey ..... ...... E. S. Bush Henry L. Harrison E C. Peet 
New Hampshire, University of, Durham N. He ee DMUN .. S. S. Appleton H. B. Rose . W. Hitchcock 
New York, College of the City of, 139th St. & Convent Ave., New York, N.Y.. ... Joseph Leipziger A. H. Rapport Harry Baum 
New York University, University Heights, New York, N. Y...... (wA ed rane dus J. F. Torpie R. e Fluskey J. Loring Arnold 
North Carolina State College, Raleigh, N.C... ... ccc ce cece ce cece ee reer eeee . C. Davis T. C. Farmer C. W. Ricker 
North Carolina, University of, Chapel Hill, N. C................... eee M. Holshouser W. C. Burnett P. H. Daggett 
North Dakota, University of, "University Station, Grand Forks, N. D........... Alfred Botten Nels Anderson D. R. Jenkins 
Northeastern University, 316 Huntington Ave., Boston 17, Maiori es L. A. Smith C. S. Porter W m. L. Smith 
Notre Dame, University of, Notre Dame, Ind................... eee eee eee Charles Topping George Conner J. A. Caparo 
Ohio Northern University, ‘Ada, aie ae hg ase Wate S ae EAR NES ae oes Joho Simmons Ver] Jenkins I. S Campbell 
Ohio State University, Columbus, O............. eee "per pM PECES A. B. Crawford H G. Stewart F. C. Caldwell 
Ohio University Athens: Occ. cos rh RU ER SEE XCEX RC ROO CER IRR s Clarence Kelch W. Giesecke A A. Atkinson 
Oklahoma A. & M. College, Stillwater, Okla.................. $3 eed s e... o Benny Fonts Jerry Robertson Edwin Kurtz 
Oklahoma, University of, Norman, Okla...........csoeccsceceesoo We Pu d as Dick Mason annon F. G. Tappan 
Oregon State College, Corvallis. Ole oh oe eh oe ewer eas vica iw ecc o s. ] D. Hertz Richard Setterstrom F. O. McMillan 
Pennsylvania State College, State College, p NT S A ....... Carl Dannerth W. J. Gorman L. A. Doggett 
Pennsylvania, University of, Philadelphia, Pa.......cccececcees ecococccecc s. WM. H. Hamilton S. R. Warren, Jr. C. D. Fawcett 
Pittsburgh, University of, Pittsburgh, PR 64 64 i AAG Rcx RR. EES KES .--K. A. Wing R. H. Perry H. E. Dyche 
Princeton University, Princeton, N. ]............ eere eccsocccececees R. W. MacGregor, Jr. W. Wilson Malcolm MacLaren 
Purdue University, Lafayette, Indiana.............. datus resta d daa Rd H. L. Lindstrom H. A. Hartley A. N. Topping 
Rensselaer Polytechnic Institute, Troy, N. Y.............eeeee eer OW. F. Hess S. B. Morehouse F. M. Sebast 
Rhode Island State College, Kingston, R. I.......... efc e M eee vac ved eO. C. F. Easterbrooks Charles Miller W m. Anderson 
Rose Polytechnic Institute, Terre Haute, Ind..............eeeeeee enn Arthur Drompp J. F. Payne C. C. Knipmeyer 
Rutgers University, New Brunswick, N. J Sana e eG eee ae a eee ae d es N. A. Kieb . E. Conover P. S. Creager 
Santa Clara, University of, Santa Clara, Calif MENFE R. P. O Brien . E. Newton A. D. Hinckley 
South Dakota State School of Mines, Rapid patr S. E voli ve Cee e eww esa D. A. White Robert Mytinger, Jr. L O. Kammerman 
South Dakota, University of, Vermillion, S. D.......... Pigs qeqA ER ESI LES C. R. Cantonwine Paul Schell B. Brackett 
Southern California, University of, Los An i Cali. sooo icca wr SA EE.E SUGAR Lester Bateman L. F. Slezak P. S. Biegler 
Stanford University, Stanford University, Cali MLE CRE ONE REE EASE RES D REP D. E. Chambers T. L. Lenzen T. H. Morgan 
Stevens Institute of Technology, Hoboken, N. if, E ES eesoosssosc se W. N. Goodridge S. J. Tracy F. C. Stockwell 
Swarthmore College, Swarthmore, Pa............... TER RAO EG A E T T. C. Lightfoot W. F. Denkhaus Lewis Fussell 
Syracuse University, Syracuse, N. Y............. en E E dd NUR ACE NADA Ge E. D. Lynde R. C. Miles C. W. Henderson 
Tennessee, University of, Knoxville, Tenn........ ccce esee hh I R. McConkey R. L. Harvey C. A. Perkins 
Tezas, A. & M. College of, College Station, Tezas............ eee eaa aude L. Pratt H. W. Whitney C. C. Yates 
Texas, University of, Austin, Texas........ ccc se ceceeecece ——— dees genset, E. Schade L. R. Bagwell . A. Correll 
Utah, University of, Salt Lake City, Utah................ pices eae eke soe weken ea te punt Petterson . F. Merrill 
Virginia Military Institute, Lexington, Va............. Y esscescesceF. Barkus F. James W. Anderson 
Virginia Polytechnic Institute, Blacksburg, Va........ c qi va s ‘tee avira wow M. B. CORDII A. G. Collins Claudius Lee 
Virginia, University of, University, Va.......c cc ccc ccc cece cc ecccesceees ..... H. D. Porsyth C.H Davis, Jr. W. S. Rodman 
Washington, State College of, Pullman, Wash. ree aeree aet MN ue ente . H. B. Tinling J. B. Danielson R. D. Sloan 
Washington University, S. Louis, M Dolcila a eu KW NR aod aU Sq edes S qe s R. L. Belshe J. G. Mazanec, Jr. H. G. Hake 
Washington, University of, Seattle, Wash...........ccccccccvecee REN e a ag W m. Bolster Arthur Peterson G. L. Hoard 
Washington and Lee University, Lexington, Va......... eee e eec oes so ss, KR. E. Kepler s cas Yoepp R. W. Dickey 
West Virginia University, Morgantown, W. Va.......... ——————— — G B. Pyles C. Coulter A. H. Forman 
Wisconsin, University of, Madison, Wis......... 4x aw ge ues ees sss see wees John Sargent oni Saari C. M. fenky 
Worcester Polytechnic Institute, Worcester, Mass. Cabs ui Uke es Cabbie 4 se teske A. M. LAIDOX : . A. Swanson H. A. Mazxfield 
Wyoming, University of, Laramie, Wyoming.........scccocccccccccecscscscess. O. Yates E. C. Moudy G. H. Sechrist 
Yale Cete New Haven, Cong 2x diera Qescssansqaxecezeeaweseser.WWe]. Brown W. T. Kelly, Jr. C. F. Scott 
e 
| P 
| ORDER FORM FOR REPRINTS OF PAPERS ABRIDGED IN THE JOURNAL 
| February 1928: 
Number Author Title 
[, 28-4 PHILIP SPORN........... 0000. eee ee eee 1926 Lightning Experience on 132-Kv. Transmission Lines 
[] 28-8 P. ALEXANDER............0 esi The Stability of the Welding Aro 
[] 28-9 T.A. E. Bert & N. Hoarp...........7.. Vacuum Tube Synchronizing Equipment 
(Mareh 1928) 
—r 28-5 J.J. TOROK 3% anche ed pew e d Surge Impulse Breakdown of Air 
L] 28-23 G. W. Penney & C. J. FECHHEIMER...... Thermal Volume Meter 
[] 28-7 O.J. Rorry & E. L. Houau ............. Automatie Control of Edison System 
| 
| C] 28-15 R. E. Donertry & C. A. NICKLE.......... Svnehronous Machines IV 
' L] 28-13 E. E. SenackKLEN, D. E. MARSHALL AND 
| PO: LANGGUTH orci DE XE ER dus Condenser-T y pe Bushing Used With Synchronizing Equipment 
| C) 28-29 H.NvavtisT......... sese nne Certain Topies in Telegraph Transmission Theory 
NAMO goose de ke UE cU 
Address iG secre aia oa Ebert ete nb e ROA BOR ae aed. ia 


Please order Reprints by number. Address Order Department A. I. E. E., 33 West 39th Street, New York, N. Y. 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 


Motors.— Bulletin 202, 8 pp. Describes type “T” heavy duty 
Reliance motors for direet current with ball and roller bearings. 
Reliance Electric & Engineering Company, Ivanhoe Road, 
Cleveland, Ohio. 

Insulated Wires and Cables.— Bulletin GEA 905, 12 pp. 
Describes principally paper insulated, lead-covered cables, and 
includes numerous tables on the current-carrying capacities of 
such types. General Electric Company, Schenectady, N. Y. 

Electric Furnaces.— Bulletin 4, 16 pp. Describes Ajax- 
Northrup high frequency furnaces, operating from statie con- 
verters. The Ajax Electrothermic Corporation, Trenton, N. J. 

Lighting Data.— Bulletin LD 107B, 44 pp., entitled “The 
Mazda Lamp in Projection Service,” Bulletin LD 137B, 36 
pp., entitled "Lighting the Home." Edison Lamp Works of 
General Electrie Company, Harrison, N. J. 

Magnetic Separator Pulleys.—Bulletin P-26. 14 pp., 
entitled ‘‘Magnetie Protection." Describes magnetic separator 
pulleys for removing scrap or tramp iron from eonvevor belts. 
The Cutler-Hammer Manufacturing Company, Milwaukee, Wis. 

Motor and Switch.— Bulletin 153, 6 pp Describes the 
new Wagner split-phase motor, %, !/g and M hp., and a new 
switch claimed to be capable of 500,000 starts and stops. Wagner 
Electric Corporation, 6400 Plymouth Avenue, St. Louis, Mo. 

Circuit Breakers.— Bulletins GEA 925 (12 pp.) and 926 
(4 pp). Describe station oil circuit breakers of various types, 
7500 to 220,000 volts. These are of new design and construction. 
General Electric Company, Schenectady, N. Y. 

Frequency Recorder.— Bulletin 1227, 4 pp. Describes the 
new improved Esterline-Angus frequeney recorder, an instru- 
ment for recording frequency to the accuracy made necessary 
by the synchronizing of plants and the interconnection of 
systems. The Esterline-Angus Company, Indianapolis, Ind. 

Chain Drives.—Handbook entitled ‘‘Morse Silent Chain 
Drives." The subject of silent chain power transmission is 
thoroughly covered, and typical installations are illustrated. 
Tables giving dimensions are included, as well as list prices. 
Morse Chain Company, Ithaca, N. Y. 

Resistors.— Bulletin 111, 8 pp. Describes the Monitor line 
of resistors, including three groups: edgewound, for highest 
current values; hexwound, for intermediate current values; 
smoothwound, for the lowest current values. The Monitor 
Controller Company, 55 E. Gay Street, Baltimore, Md. 

New Westinghouse Catalog.— The new 1200 pp., 1928-30 
catalog of electrical supplies presents the electrical and mechani- 
eal features for all supply apparatus and appliances manufactured 
by the Westinghouse Company, and in addition describes and 
illustrates a representative list of large motor and generating 
apparatus. Westinghouse Electric & Manufacturing Company, 
East Pittsburgh, Penn. 

Everdur.— Bulletin E-2, 16 pp. Deseribes "'Everdur," 
the trade name of an alloy composed of copper, silicon and 
manganese, manufactured in a wide variety of forms. The 
constituents of the metal are carefully proportioned to give the 
alloy great strength, workability and excellent machining 
qualities, as well as high resistance to a large number of corroding 
agents. The American Brass Company, Waterbury, Conn. 

Lifting Magnets.— Circular, 4 pp. Describes an interesting 
application of EC&M magnets for sweeping highways One or 
more such magnets are suspended from the rear end of a truck, a 
few inches over the roadbed, and these pick up nails and serap 
iron even if buried considerably beneath the surface of the loose 
sand or gravel of a roadway. Various means of supplying the 
electric power to the road-sweeping magnets have been tried out, 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


Feina Os FENG 04694 (00086004 d 0 06 04) 444. 


DIGEST OF CURRENT INDUSTRIAL NEWS 


orte ang. 


but the most economical method has proven to be a gasoline- 
driven generator mounted in the body of the truck and connecting 
the magnets directly to this generator. The Electric Controller 
& Manufaeturing Company, 2700 E. 79th Street, Cleveland, 
Ohio. 


NOTES OF THE INDUSTRY . 


Corning Glass Appoints Representative.—lleunry M. 


‘Hughes has been appointed representative of the Corning Glass 


Works with headquarters in the Oliver Building, Pittsburgh, to 
handle only the sales of Pyrex insulators in the states of Pennsyl- 
vania, west of Harrisburg, West Virginia and certain eounties in 
Ohio. 

The Martindale Electric Company, 1254 West 4th Street, 
Cleveland, O., announces that six of the most popular sizes of 
eommutator stones are being carried at the New York branch, 
6 East 46th Street; and at the Los Angeles branch, 210 East 
3rd Street. 

The Delta-Star Electric Company, 2400 Block, Fulton 
Street, Chicago, Ill., has issued a new price list No. 1 deserib- 
ing and listing & new line of rigid stud, compression ty pe, solder- 
less eonneetors. "These connectors are made in single and double 
bolt lug type for conductors from No. 6 to 500,000 e. m. They 
are furnished in Tee, Parallel and Cross Connector ty pes. 

New Wagner Electric Offices.— The Wagner Electric 
Corporation has opened a sales office at Houston, Texas, 1006 
Washington Avenue. W. B. Arbuckle has been placed in 
charge. A new branch sales office has been opened at 475 
West Peachtree Street, N. E., Atlanta, to cover the states of 
Georgia, Alabama and Florida, until recently a part of the St. 
Louis sales territory. Roy F. Druschky has been put in charge 
of the Atlanta branch office. . 

New Line Start Induction Motors.—A new group of 
squirrel-eage induction motors suitable for starting on full line 
voltage is being placed on the market by the Allis-Chalmers 
Manufacturing Company, Milwaukee. These motors are 
normal torque, high reactance machines and will not draw 
starting current in excess of the limits recommended by the 
Electrical Apparatus Committee of the N. E. L. A. They are 
built in ratings 714 to 30 hp., 600 to 3600 r. p. m., low voltage, 
and are available with either sleeve or roller bearings. A 
magnetic switeh with push button control is the only starting 
equipment required. 

New Automatic Induction Starter.—A new automatic 
induetion starter with two adjustable features has been 
announced by the Lincoln Electrice Company, Cleveland. 
One of the adjustments is in the starting current and starting 
torque and is made by changing the position of the rotor in the 
regulator. The other adjustment is in the eurrent at which the 
throw-over takes place. The throw-over in this new starter is 
eontrolled by retarding solenoid which is operated by the motor 
current. The claim is made that the new automatic induction 
starter can be mounted more easily than any on the market 
today. 

Welded Parts on the New Ford.—The increasing use of 
welding in automobile manufacture is demonstrated by the faet 
that a large number of parts on the new Ford ear are constructed 
by are welding. Among these are the rear axle housing, the 
steering gear casing, the radius rod, the spare tire carrier, the 
drag link for the front axle and the axle rods. In the past few 
months the Ford Company has installed approximately thirty 
General Eleetrie are welding equipments for this work. Al- 
though this is considered a fair sized welding installation, it is 
understood that it is but a beginning of the are welding opera- 
tions planned by the Ford Company. 
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The Institute 
and the Student 


For many years the Institute has taken a very active 


and helpful interest in students preparing for the pro- : 


fession of electrical engineering, and certain provisions 
made during the past few years have greatly increased 
the effectiveness of its participation in their develop- 
ment. Such provisions have been made because elec- 
trical engineering students of today will be leaders in 
the Institute of the future, and contacts formed now 
are of mutual advantage. 

In 1925 the Board of Directors decided that there 
should be a Counselor for each Student Branch, chosen 
from members of the electrical engineering faculty who 
are also members of the Institute. The following year 
the Board authorized the organization of a Committee 
on Student Activities in each Geographical District, 
composed of the Vice-President, District Secretary, and 
all Counselors within the District, and the holding of an 
annual Conference on Student Activities with the 
traveling expenses of all members of this Committee 
and all incoming Chairmen of Branches within the 
District paid by the Institute at the rate of ten cents 
per mile, one way. 

The first conference on Student Activities was held 
at the Pacific Coast Convention, Salt Lake City, in 
September 1926, and by special provision, it was a 
joint conference of the Pacific and North West Dis- 
tricts. Such conferences have been held in eight of the 
nine Geographical Districts in which Student Branches 
are located, and there have been two conferences by 
representatives of each of five Districts. _ 

Many subjects concerning the various aspects of 
Student Branch activities have been discussed at these 
meetings, and the Counselors and Branch Chairmen 
have been most enthusiastic regarding the benefits 
derived. Previous to the holding of such meetings each 
Branch was largely an individual unit proceeding as it 
pleased in the choice of the activities in which it should 
engage. With the advent of the District Conferences, 
there came a determined effort in many parts of the 
country to define more clearly the principal functions of 
the Student Branches and to select those activities 
which will offer the greatest benefits to the students 
participating. There has been a tendency to “‘compare 
notes" rather intensively, and now each Branch can 
strive not only to meet its own local eonditions in the 


best possible manner, but also gain from the experiences 
of others. : 

An outstanding result of the conferences has been an 
almost unanimous opinion that the principal function 
of the Student Branches is to develop the latent abili- 
ties of the students by affording opportunity to carry 
on activities similar to those of Institute members in 
the Section meetings and conventions; viz. the prepara- 
tion, presentation, and discussion of papers, abstracts, 
reports, etc., on engineering and related subjects, with 
visits to places of engineering interest. 

Thus the conferences on Student Activities, Student 
conventions, joint Section and Branch meetings, and 
the Branch meetings, themselves, offer much to the 
student who will participate actively in them. By the 
time his period of Student Enrolment expires, he can 
have a good knowledge-of Institute activities and be 
in position to continue in such activities almost 
immediately. 

It seems reasonable to believe that the Branch 
activities will become of increasing importance in the 
whole scheme of engineering education, since they offer 
opportunities for training in elements of leadership 
which are absolutely essential to real success in any 
division of engineering, and such opportunities cannot 
often be supplied so effectively by other means. The 
qualities which produce leadership in Branch work 
should constitute an excellent measure of the possibility 
of success in engineering organizations. 


Some Leaders 
of the A. I. E. E. 

Winder Elwell Goldsborough, manager of the Insti- 
tute 1901-04 and vice-president 1904-06, is a member of 
a distinguished Maryland family, founded in 1670. 
His projenitors have included Robert Goldsborough, a 
member of the First Continental Congress, and Charles 
Goldsborough, Governor of Maryland. 

Mr. Goldsborough was born in Baltimore in 1871 and 
when seven years old, went with his mother and his 
brothers to China where they joined his father, then a 
member of the United States Consular Service at Amoy. 
He traveled extensively with his father in China, 
Japan and Siam; in fact his interest in engineering first 
began when he was treated to the sight of the machinery 
of ocean liners and the United States war vessels, Ranger 
and Monocacy, along the China coast. 

On his return to the United States, Mr. Goldsborough 
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attended Cornell University, from which he graduated 
in 1892. One of his most interesting experiences as a 
young engineer brought him in contact with the great 
men of the electrical profession at the International 
Electrical Congress at Chicago, 1893, at which von 
Helmholtz was in attendance. 

In 1893 Mr. Goldsborough was at the head of the 
Electrical Engineering Department of the University of 
Arkansas, which he left to go to Purdue University in 
1894. Here he was first an associate professor, and 
later, head professor of electrical engineering. While 
at Purdue, beside conducting scientific laboratory tests, 
which were made the subject of papers before the 
Institute, he was also engaged in making inspections 
and economy tests upon public utility plants. Also 
under the auspices of the electrical department of 
Purdue University, Professor Goldsborough had con- 
structed by the Thordosen people of Chicago, a 
1,000,000-volt, low-frequency transformer. 

From 1902 to 1905 Mr. Goldsborough was Chief of 
the Department of Electricity of the St. Louis Expo- 
sition. The exposition of the science and practise of 
electricity at St. Louis was unique in that all of the 
instruments and machinery shown were connected up 
as working exhibits on a scale which admitted of the 
apparatus being tested both by committees of the Jury 
of Awards and by the Railway Test Commission. 
Professor Goldsborough was vice-president and 
assisted in the organization of the International Electri- 
cal Congress held in St. Louis during the Exposition, 
1904, and had the pleasure of demonstrating the trans- 
former before an evening assemblage of the Congress. 

As Chairman of the Executive Committee of the 
Electric Railway Test Commission, a series of tests of 
electric railway equipment was made under his direc- 
tion, the most important part of this work being the 
wind resistance tests carried out on a special interurban 
car and made on a straightaway portion of the roadbed 
of the Union Traction Company of Indiana at speeds 
up to 80 mi. per hour. A paper recently issued by the 
General Electric Company states that the data on wind 
resistance recorded at this time are the best now 
available from any source. 

In 1905 Mr. Goldsborough joined the engineering and 
construction organization of J. G. White & Company as 
assistant to the president. For one of the projects 
investigated by him at this time, he arranged the 
financing, and was sent out to Denver, Colorado, to 
supervise and manage the work, which involved the 
engineering design and construction of three large dams 
and some 400 mi. of irrigation canals extending from the 
crest of the Rocky Mountains to the plains around 
Denver. One of these dams is the largest earth-filled 
dam in the United States. Some of the work was 
extremely heavy and most modern equipment of 
steam shovels, locomotives, and dump cars was used. 


Another phase of the development involved the pur- 
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chase of something over 100,000 acres of land, about 
12,000 acres of which were put under cultivation. 

Later, Mr. Goldsborough managed and carried for- 
ward another extensive piece of construction work 
in Wyoming, at Laramie. 

Returning East in 1914, he took up consulting engi- 
neering work in New York, until 1923 serving his clients 
in a variety of capacities. He did the work of organiz- 
ing the movement which resulted in the development of 
the Mexican oil properties of the Atlantic Lobos Oil 
Company, now a subsidiary of the Atlantic Refining 
Company. This work was undertaken during the 
early stages of the War; nevertheless, it went forward, 
and the company built pipe lines, a railroad and exten- 
sive terminals in Mexico, and shipped as much as 
1,300,000 barrels of oil per month. 

Mr. Goldborough's main contribution as an engineer 
during the war was in the form of the organization of a 
large munition plant at Orange, Massachusetts, for the 
turning out of shells for the United States Government, 
the working being carried forward under the immediate 
auspices of the New Home Sewing Machine Co., 
of which, for the time being, Mr. Goldsborough acted 
as general manager. 

Since 1923, Mr. Goldsborough has been with Henry L. 
Doherty & Company of New York, on special engineer- 
ing work. His association with Mr. Henry L. Doherty 
began back in 1898 when they were members of a 
committee of the National Electrie Light Association on 
Arc Light Photometry. In this early work, what were 
then very advanced photometric methods were devel- 
oped and made the subject of papers before the National 
Electric Light Association. The new work now being 
undertaken relates to certain important new develop- 
ments of which more may be heard later. 

For work in electrical engineering, Mr. Goldsborough 
has received the decoration of the Order of the Crown of 
Italy from King Victor Emanuel. He is a Fellow of 
the Institute and at various times has been elected to 
membership in the following societies: American 
Society of Mechanical Engineers, Institution of 
Electrical Engineers of England, Franklin Institute, 
International Association for Testing Materials, Society 
for the Promotion of Engineering Éducation, and the 
American Association for the Advancement of Science. 

Mr. Goldsborough served as a member of the Jury 
of Awards of the Buffalo Exposition in 1901, and as a 
member of the Superior Jury of Awards of the St. Louis 
Exposition in 1904. He has taken out numerous 
patents and is a writer of scientific papers. His 
recreations are golf and tennis and he has been elected 
to membership in the following clubs: Denver, Uni- 
versity, Country and Transportation (Denver); St. 
Louis, Mercantile (St. Louis); New York Southern 
Society, Lawyers, Engineers, National Arts and 
Cornell (New York); and Country (South Norwalk, 
Connecticut). 
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Loudspeakers of High Efficiency 


and Load Capacity 
BY C. R. HANNA* 


Associate, A. I. E. E. 


Synopsis.—The design of high-quality horn-type loudspeakers 
with moving coil drivers is considered. Efficiency and maximum 
out put capacity obtainable from this type of loudspeaker are calcu- 


I. INTRODUCTION 


WO very desirable properties in loudspeakers, 
besides fidelity of reproduction, are high efficiency 
and high output capacity. Efficiency is desirable 

not because power from the source (light socket or 
batteries) is costly, but because it means that a smaller 
power amplifier may be used. This greatly decreases 
the first cost and also the cost of maintenance. In the 
case of auditorium loudspeakers, high output capacity 
from the amplifier is obtained usually by the use of 
high plate potentials. For this reason, it is desirable 
to make it possible to use amplifiers of smaller rating 
with consequent lower voltages so that inexperienced 
operators may readily maintain them. In the case of 
a home loudspeaker, this is even more desirable. 


High output capacity, of course, is more neces- 
sary for auditorium loudspeakers than for home loud- 
speakers. The average small loudspeaker, however, 
is not capable of radiating sufficient sound without 
overload when certain kinds of music are being re- 
produced, even for the home. 

The purpose of this paper is to describe a high quality 
loudspeaker, the efficiency of which is many times that 
of the conventional type and of very large load ca- 
pacity. The author is indebted to many other workers 
in this field for the great wealth of information that 
has been made available in recent years through 
publications.f 


The new device combines the excellent radiating 
properties of the slowly expanding exponential horn 
having a large mouth! with the good electromechanical 
coupling of the electrodynamic or moving coil motor 
element. Both of these make for high efficiency. 
They also make for great load capacity; for, with a good 
radiating system, the diaphragm may be small and the 
motion of the diaphragm slight, making it fairly easy 
to prevent rattling; and with a moving coil drive, 
the force does not vary with displacement, eliminating 
a source of non-linearity common to moving iron types 
of drivers. It is likely that no other combination of 
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lated. Methods of providing load capacity greater than that possible 


unth a single loudspeaker are described. 
LI * LI * $ 


radiating system and motor element has such possi- 
bilities of efficiency and load capacity. 


II. DESCRIPTION AND DESIGN OF THE LOUDSPEAKER 


a. The Horn. Before considering efficiency and load 
capacity, the design of a system which responds uni- 
formly to a broad band of frequencies must be dealt 
with. It is well known that the exponential horn is a 
uniform radiator of sound for a given air velocity at its 
throat for all frequencies, from the highest down to a 
certain critical or cut-off frequency determined by the 
rate of expansion of the horn section.! If the equation 


of the horn is 
A = Áp (1) 
the cut-off frequency is given by the relation 
Ba 
zi c (2) 


where a is the velocity of sound in air. If centimeter 
units are used for x, a should be in cm. per sec., or 
34,400. Above this critical frequency, the radiation 
resistance at the throat of the horn rapidly approaches 
a constant value of 

r= pa Ao (3) 
where p is the density of air. The value of pa is 41.2, 
this figure representing the mechanical impedance 
density in dynes (em. /sec.), (or mechanical ohms), per 
sq. em. of area at the throat of the horn. 
. The relation given above assumes that the horn is 
extended to a large area at the mouth so as to transmit 
the sound energy effectively to the atmosphere. In 
the paper to which reference is made, it was suggested 
that the diameter of the mouth (if of circular section) be 


GB (4) 


In terms of the wavelength corresponding to the cut-off 
frequency 


EUN 


T 


D= (5) 
In practise, the mouth may be somewhat smaller - 
without causing serious resonance effects. Horns of 
sections other than circular should have mouth areas 
equivalent to the above circle. 
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b. Mechanical Vibrating Systems. Fig. 1 shows 
one form of the new loudspeaker elements with the 
diaphragm placed alongside. Permanent magnets of 
cobalt steel supply the magnetic field. A piston or 
plunger-acting diaphragm with a flexible mounting, is 
chosen because it can be made to have only one reso- 
nance in the acoustic range of frequencies; t. e., a lumped 
mass in combination with a lumped compliance has 
one resonance only. Flat diaphragms as used in the 
past have a number of resonance frequencies within the 
acoustic range because such diaphragms cannot act as 
plungers. To obtain this plunger motion, the central 


Fic. 1— LOUDSPEAKER ELEMENT 


portion of the diaphragm is stiffened by any of a number 
of methods of corrugation, while the edge is made very 
flexible either by mounting on an annular ring of 
rubber or by suitable corrugation of the metal at the 
periphery. In the diaphragm shown in Fig. 1, the 
shape is that of seven intersecting cones with a circular 
bead at the periphery for additional stiffening. Rubber 
is used for the flexible mounting. 

The driving coil may be attached rigidly to the 
diaphragm, but it is better if an intervening resilient 
member of the correct stiffness is placed between the 
coil and diaphragm. In mechanical systems made up 
principally of masses and a mechanical resistance, better 
transmission of motion results if spring members are 
interposed between the separate masses in the chain.‘ 

The diaphragm is made, of course, as thin as is con- 
sistent with internal rigidity. With most sizes and 
shapes of corrugated aluminum diaphragms, the 
thickness must be at least 

t = 0.00035 A, (6) 
(A, = area of the diaphragm) to insure plunger action 
and adequate strength. The Justification of the 
constant proportionality between thickness and area 
is that the fundamental resonance frequency of such 
diaphragms, considering the edge at rest, will be the 
same, assuming similar contours for all. This internal 
resonance must of necessity be above the highest fre- 
quency it is desired to reproduce, if the motion of the 
diaphragm is to be like that of the plunger. A fixed 
lower limit to this resonance frequency requires that 
the thickness shall not be less than a certain constant 
times the area. 
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If an air chamber transformer is used to step-up the 
velocity of the air on entering the horn, the mechanical 
impedance imposed on the diaphragm by the horn will 
be increased by the square of the transformation ratio 


2 
A A 
r= 424 (4) - 42 n (7) 
0 0 


Thus, for a given area of diaphragm, the damping may 
be varied by varying A, and thecorrect value of damp- 
ing is secured by proper choice of A,. The transfor- 
mation from the large area of the diaphragm to the 
small area of the throat cannot be obtained physically 
without an air space immediately above the diaphragm. 
As previously pointed out,! this space must be small if 
the air displaced by the diaphragm is to be forced into 
the horn at the higher frequencies. Some of the 
volumetric displacement of air by the diaphragm must 
go to increase the pressure of air in the chamber and 
therefore this chamber is the equivalent of a mechanical 
capacity.' The stiffness of the air chamber referred to 
the diaphragm is obtained by considering its reaction 
on the diaphragm when the throat of the horn is closed. 
Assuming adiabatic changes, this stiffness, is 


| 14 A2 
= V 


where V, is the air chamber volume and po = 1.01 x 108 
dynes per em.?, or atmospheric pressure. 

If the relation between the values of mass of dia- 
phragm, mass of coil, the spring stiffness, air chamber 
stiffness and radiation damping is properly chosen, it is 
possible to obtain a device which responds uniformly to 
all frequencies from the lower cut-off of the horn to an 


po dynes per cm.‘ (8) 


TRANSMISSION UNITS 


Fic. 2—CaALcULATED FREGoUvENCY RESPONSE 


upper cut-off frequency which is determined by the 
mechanical system itself. The following relations hold 
for the design if this cut-off frequency is f.: 


s; =rfèm (9) 
85 = 2 T? fe m (10) 
r =TtTfem (11) 


where m = mass of diaphragm = mass of coil 
sı = stiffness of spider 
s» = stiffness of air chamber 
r radiation damping due to horn. 


Having chosen these quantities in this way, the response 
curve for f. = 5000 will be as in Fig. 2, for a constant 
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driving force F, due to current in themoving coil. The 
equation of this curve is 
F? 
W = 107 
1 
watts (12) 


1 + 16 (5) - & (4) d & (4) 


over most of the range W = 107 


" This relation 


does not take into account the falling off affect at low 
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Fic. 3—ExPERIMENTAL RESPONSE CURVE | 


frequencies caused by the stiffness of the diaphragm 
supporting member or the cut-off of the horn. Because 
of the fact that the moving coil-type of drive requires no 
stabilizing restoring force, as does the moving iron type, 
this edge stiffness may be made as small as desired. 
In like manner, if space permits the use of a large horn, 
the cut-off frequency of the horn may be made as low 
as desired. 

Fig. 3 shows an experimental curve of response 
against frequencies for the loudspeaker of Fig. 1 
when placed on a horn having a 100-cycle cut-off. 


III. CALCULATION OF EFFICIENCY . 


By efficiency we shall mean the ratio of sound output 
to electrical input to the moving coil. The power 
required for field excitation if electromagnets are used 
wil not be considered. The real advantage of high 
efficiency as above defined is that a great saving in 
amplifier capacity is effected. Although the field 
excitation power usually amounts to as much, or more, 
than the electrical input to the moving coil, it is con- 
veniently obtained. Sufficient power for the voice 
coil, however, is not so easy to obtain. 

It is shown in the unabridged paper that assuming 
that the whole mass of the coil is useful conducting ma- 
terial, the efficiency of loudspeakers of this type is: 


1 
N = 
1 + 10° 


27.00 (19) 


9 


where B = flux density in gap, gausses. 
p = resistivity of conductor ohms ‘cm.’ 
ô = density of conductor gms. /em.?. 
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The efficiency is seen to be independent of the size 
of the unit if the upper cut-off frequency, the flux 
density, and the mass conductivity of the coil are the 
same for all. High flux density and high mass con- 
ductivity (low pô) are needed. A field of 12,000 
gausses is about as great as can be easily obtained. The 
value of p 6 is smallest for aluminum being 7 by 10-* 
as against 14 by 10— for copper. Curves of Fig. 4 show 
the efficiency of a 5000-cycle loudspeaker at different 
flux densities for both aluminum wire and copper wire 
coils. At 12,000 gausses the ultimate efficiencies are 
57 and 40 per cent respectively. 

In practical cases the coil form will not have a 
negligible mass; hence, a smaller amount of wire 
than mentioned above must be used. This is equiva- 
lent to an increase of p 6 in equation (19) with a con- 
sequent reduction of N; however, efficiencies up to 
40 per cent for aluminum wire and 30 per cent for 
copper wire are attainable. 

It is interesting to compare these efficiencies with 
that of the best hornless loudspeakers of today. A 
calculation shows the latter to be less than 5 per cent 
in the range of frequencies up to about 1000 cycles. 
The gain in efficiency by using the horn results in a 
great saving in amplifier capacity. 


IV. LoAD CAPACITY DETERMINATION 
It might be expected that a loudspeaker of the type 
here described could be made to have a load capacity 
as great as desired by increasing its physical dimensions. 
If, however,the unit is to respond to the high frequen- 
cies, there is a very definite limit to the size of the unit, 
and therefore to the power which it may radiate without 
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overload. In all cases, this maximum power is less 
for low frequencies because the maximum diaphragm 
velocity is smaller. This is due to the limited dia- 
phragm displacement as determined by the clearance 
in the air cavity. Thus the figure for maximum power 
must always be accompanied by a statement of the 
frequency at which this limit is reached. Since for a 
given maximum diaphragm displacement the velocity 
is proportional to the frequency, and since the power 
radiated by the diaphragm is proportional to the square 
of the velocity, the maximum power output is pro- 
portional to the square of the frequency. Hence, if 
one watt is the load capacity of a given loudspeaker 
at 100 cycles, its capacity at 50 cycles will be only 14 


256 


of a watt, while at 200 cycles, it will be 4 watts. The 
above reasoning falls down in cases where mechanical 
weakness of the moving parts is the limiting factor. 

It is shown in the complete paper that the load 
capacity of this type of loudspeaker is dependent upon 
f, f., and Ao, in the following manner: 

f 2 
W = 69(——) 4. (24) 

From this it is seen that a large orifice is desirable to 
give large amounts of sound output. With available 
materials for the diaphram, however, sufficient damp- 
ing for obtaining a uniform response over the audio 
frequency range is secured only by the use of fairly 
small orifice areas. With an upper limit of Ao, there- 
fore, there is a very definite upper limit of load capacity 
in a unit which responds uniformly up to f.. 

This upper limit of A, is found to be 


13900 28) 
f 


Ao = 


Taking f. = 5000 
A, = 2.78 cm? 

It is seen that A, is definitely limited to this size no 
matter what diaphragm area may be chosen. 

From equation (24), the maximum power for 
f. = 5000 is definitely limited to 

W = 0.68 by 107* f? 
At 100cycles,W = 0.68 watt. 


In view of the requirement of great power in the very 
low register for organ and drum reproduction, this limit 
is somewhat unfortunate. À knowledgeof thelimitation, 
however, .prevents one from seeking in the dark for 
a single unit loudspeaker which will give larger outputs 
than the above at the low frequencies and still be 
responsive to the very high frequencies. 


(29) 


V. METHODS OF OBTAINING HIGHER LOAD CAPACITY 


There are two avenues of approach to the problem 
of obtaining greater load capacity. The first and most 
evident is to use a multiplicity of similar loudspeaker 
units as above designed, either on separate horns or on 
a single horn having a divided or multiple orifice. 
By this means, the load could be divided equally 
between the several elements and thus prevent over- 
loading of any one of them. A second and more 
practical approach problem is based on the following 
reasoning: 

It was noticed that theload capacity ofa loudspeaker 
which responds to 5000 cycles was greater at higher 
frequencies, and it is possible that such a single-element 
loudspeaker would handle without overload the upper 
register of music and speech for very large amounts of 
power. If a supplementary loudspeaker, (or a group 
of loudspeakers), could be made to take care of large 
volumes in the lower register, the different bands of 
frequencies could be divided properly between the two 
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by means of a suitable electrical network, and thus, a 
great increase in load capacity could be effected. From 
the relations already given (equation (24)), it is seen 
that loudspeaker elements which do not have to re- 
spond to the higher frequencies can be made to have 
greater load capacity. Hence, by making sturdier units 
with heavier diaphragms and larger air chamber 
volumes, the necessary load capacity for the low-fre- 
quency range can be secured. 

To make use of an arrangement of this kind, it is 
necessary to devise an electrical network which will 


Low Frequency 


High Frequency 


Fig. 6@—Circvuit CONNECTION FOR Two-ELEMENT LOUDSPEAKER 


divide the frequency bands properly between the two 
loudspeaker elements. Of the many circuits which 
might be employed, the circuit shown in Fig. 6 was 
chosen because (a) it has constant impedance over the 
band of frequencies for which the loudspeakers are 
purely resistive in their impedance, and (b) because, for 
a given electrical input, the sum of the sound outputs 
of the two loudspeakers in the overlapping range is 
uniform. It is seen that the condenser in series with a 
small unit protects it from the damaging effect of large 
power at low frequencies, while the inductance in 
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LOUDSPEAKER 


series with the low-frequency element prevents the 
higher frequencies from passing through this element 
which is incapable of responding to them. 


In the case of a demand for capacity greater than 
is possible with two loudspeakers of different size, a 
third and larger element may be added. A simple 
circuit for three is shown in Fig. 7. This is seen to be 
an extension of the circuit of Fig. 6 by the insertion of a 
capacity in series with the square, paralleled with a 
series combination of large unit and inductance. This 
circuit may also be made to have constant impedance 
over the band of acoustic frequencies and by proper 
choice of the inductances and condensers, it may be 
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made to divide the frequencies between the several 
elements so as to secure the maximum over-all output 
capacity, as well as a uniform over-all response to a 
wide band of frequencies. Dr. J. Slepian, of the 
Westinghouse Research Laboratories, is responsible 
for the suggestion of this circuit. 

It is evident that the use of two or more loudspeakers 
in this way is for an entirely different purpose from that 
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of earlier attempts to secure a more uniform response to 
a wide band of frequencies by the use of several loud- 
speakers covering different ranges. In the present case, 
the small unit alone is capable of uniform response to 
a sufficiently wide band of acoustic frequencies for high- 
quality reproduction, but is found limited as to its 
output capacity for large power applications. The use 
of one or two supplementary loudspeakers with proper 
associated electrical network is made not to improve 
the quality of the reproduction, but to increase the 
output capacity. Each loudspeaker with its particular 
horn has a flat frequency response characteristic over 
a certain range, and in good designs, these ranges 
overlap considerably. The electrical network is what 
causes the tapering off of response of the individual 
loudspeakers in the overlapping range, so as to make 
the combined outputs uniform. 

In order to make it responsive down to very low 
frequencies, it 1s necessary, of course, to have a large 
horn on the low-frequency element. The smaller 
elements, however, may be used,in conjunction with 
smaller horns since the electrical network allows very 
little low-frequency current to pass through them with 
the result that they do not have to radiate low-fre- 
quency sounds. 

Fig. 8 shows the three elements of a loudspeaker of 
this type, with their corresponding moving elements 
placed in front of each. 

The writer desires to thank Dr. J. Slepian for valuable 
suggestions, and Mr. W. O. Osbon for carrying through 
much of the design work and for his contributions to 
the development. 


A large number of engineers associated in the Mid- 


west Power Conference is planning to go abroad on the 
International Power Tour. The party will sail from 
New York on August 18. While in Europe it will 
visit most of the large power plants and new develop- 
ments in the various countries. 
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WHITE LIGHT VERSUS NORTH 
SKYLIGHT FOR COLOR- 
DISCRIMINATION 

In the development of artificial lighting a propitious 
stage has been reached for exploding the tradition that 
north skylight is the best quality of light for the dis- 
crimination of color. In the past, when artificial light 
was entirely unsuitable for color-discrimination, those 
interested in color chose north skylight because it was 
morenearly constant in quantity and quality than light 
from any other region of the sky. Hence it has become 
traditional to consider it the standard of daylight. 
Unfortunately, this so-called standard is quite variable 
in intensity and spectral character from hour to hour 
and from day to day. 

The illuminant most suitable for color-work is one 
which does not favor any particular color. White light 
is the only illuminant satisfactory in this respect. 
Spectrally, it is practically identical with noon sunlight 
on a clear day when the sun is at a high altitude. 
In white light the radiant energy is nearly equal in 
amount for all wavelengths throughout the visible 
spectrum. Since north skylight from a clear sky is 
quite bluish, it makes the purples (pink, lavender, 
magenta, etc.) appear more bluish than they would 
appear in white light. Because of its deficiency in 
yellow, orange and red, north skylight suppresses these 
colors in objects illuminated by it. 

Those who developed artificial daylight found it 
necessary to supply a quality of light simulating north 
skylight because of the firmly intrenched habit of using 
north skylight for color-work. Here is one of the many 
cases where what people want and what is best are 
two different things. Inasmuch as color-discrimina- 
tion does not involve taste, it seems that science rather 
than habit should dictate what an illuminant should be 
for general color-work. 

To produce artificial north skylight with tungsten 
filament lamps it is necessary to absorb about 85 per 
cent of the light. However, to produce white-light 
corresponding to noon sunlight ona clear day insummer, 
an absorption of only 60 per cent is necessary. In other 
words, white-light—the only illuminant which is 
scientifically sound for color-discrimination—can be 
produced with tungsten lamps at nearly three times the 
efficiency of artificial north skylight.—Committee on 
Application and Production of Light. 


Overproduction in the petroleum industry is causing 
such waste that The Federal Oil Conservation Board, 
has recommended that national legislation be enacted 
to curb this waste. | 

The Committee recommends that the proposed 
Federal legislation "shall unequivocally declare that 
agreements for the cooperative development and 
operation of single pools are not in violation of the 
Federal antitrust laws." 
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Effect of Transient Conditions 


On Application of D-C. Compound Motors 
BY LEON R. LUDWIG: 


Non-member 


Synopsis.— When a d-c. compound motor is started, the rise of 
current in the series field induces a voltage in the shunt field counter 
to that applied, and the shunt field current may reach several times 
normal value in a negalive direction. This current reversal gives, 
an effect, a differentially compounded motor during the starting 
period and causes the starting torque to be materially reduced. 
In many applications of compound motors, therefore, predetermined 
performance is not obtained. In particular cases where the motor 
is continually started and stopped, the effect may be so serious as to 
dictate the choice of another type of motor or one of a special design 
to minimize the undesirable action. 


INTRODUCTION 


N the compound motor, there are two distinct 
electrical circuits linked by a common flux. The 
current changes during transient periods are there- 

fore not inter-dependent, though in most motors the 
current in the shunt field is dependent largely upon 
the current change in the series field. In the series 
circuit, also, there is an induced voltage which depends 
on the flux linking the two coils as well as on the speed, 
which in turn is a function of the flux, series current, 
and time. 

There is, in effect, a third closed electrical circuit 
consisting of the solid iron portions of the frame and 
poles, in which eddy currents flow, exerting an influence 
on the main flux. 

The. motor may be started with an initial current in 
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1—DrAGRAM or TEstT CIRCUIT 


the shunt field, or by closing both field circuits simul- 
taneously. In either case, the rise of series field current 
will induce in both the shunt field and the solid iron a 
current tending to oppose the establishment of a flux. 
The induced voltage in the shunt field will be opposite 
to the impressed voltage and usually will be greater on 
account of the high transformer ratio between the 
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In case the compound motor is disconnected from the line while 
running and reconnected with no external resistance, the delay 1n 
establishing a flux due to the damping action of the shunt field may 
permit excessive currents to flow. 

In other d-c. motors, currents induced in the solid tron portions 
of the frame and poles exert a damping effect similar to that of the 
shunt field in the compound motor, which may at times be unde- 
sirable. A study of such transients leads to means by which they 
may be minimized and provides calculation methods for predeter- 


mining motor behavior. 
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fields. The shunt field current will usually reverse and 
restrain the flux from increasing as rapidly as the 
series current. Under such conditions, the starting 
torque would be less than with an equivalent straight- 
series motor. 

The oscillogram in Fig. 2 was taken with a compound 
motor connected as in Fig. 1. The machine was 
driven externally at constant speed in order to obtain 
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Fic. 2—CunnENT TRANSIENTS OBTAINED FROM TEST 
the instantaneous field flux which is directly propor- 
tional to the armature voltage. The series current 
in this case rises inductively to a value limited only by 
the resistance, and the shunt current reverses, reaching 
a negative peak of 2.5 times normal. The flux increases 
very slowly. Another film (Fig. 3) was taken with the 
shunt field open-circuited. An initial current in the 
series field gave the same initial flux as in the first test, 
and this current was increased to the same final value. 
It will be seen that the flux rise is much more rapid, 
though it does not increase directly in proportion to the 
series current because of the solid iron damping. 

The reduction of starting torque due to the shunt field 
damping is usually obviated by reducing the starting 
resistance in series with the motor. This procedure, 
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however, causes the energy required for starting the 
machine to be increased, and also causes the motor 
current to reach a higher starting peak. The latter 
may cause sparking at the commutator and would be 
undesirable from a standpoint of contactor burning 
if the motor circuit were opened frequently very soon 
after the machine was started. 

Transients in d-c. machines in general have been 
dealt with by K. L. Hansen in a paper presented at the 
Midwinter Convention of the A. I. E. E. in 1917, and 
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though the reversal of the shunt field current was 


cited in this paper, there was no attempt made at that 


time to find the exact effect of this reversal on the 
transient motor characteristic. 
ANALYSIS OF TRANSIENT CURRENTS AND FLUX 


In compound machines, most of the damping is 
because of the shunt field. It is possible also to take 
into account the effect of eddy currents in the iron by 
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4— DiAGRAM or Moror CONNECTIONS 


properly choosing the circuit constants, and the third 
electrical circuit may therefore be neglected. If 7; is 
the series current and 7, is the shunt current, neglecting 
saturation, the flux will be proportional to a fictitious 
current (2), which is expressed as 
+= 11 +a 12 
in which a is the ratio of the number of shunt field- 
turns to the series field-turns. Referring to Fig. 4, the 
two fundamental equations, will be: 
di 
E, =M- $l, + Ris teg 
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di di 
E, =a M-i; +L: g; t+ Rts 


The generated voltage e g must be expressed in terms 
of instantaneous speed and flux. The constant M 
is the coefficient of mutual inductance. L is the 
inductance due to the leakage flux linking the series 
field plus the armature inductance, and Lə is the 
leakage inductance of the shunt field plus any external 
inductance. 

The solution of these equations is given in the appen- 
dix, equations (I) and (II). In Fig. 5 the curves are 
plotted for the two currents, flux and torque, assuming 
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5—CALCULATED "TRANSIENT CURVES wirTH MOTOR 


- STARTING 


that the motor is started with an initial shunt field. 
As shown by the curves, four-tenths of a second elapses 
before the shunt field ceases to handicap the series 
field. Itisinteresting to note that as the series current 
decreases when a counter e.m.f. is established, it 


_causes the shunt current to become greater than normal 


in a positive direction. 
From these curves, it is evident that a very short 
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6— CALCULATED WITH MOTOR 


time elapses before the currents reach their peak 
values. Since the magnitude of the damping is largely 
a function of these peak values, it is usually sufficient to 
obtain only the very early part of the transient in 
order to determine the effect of damping. The arma- 
ture of the motor will not begin to rotate until after 
the current peaks are passed. It is, therefore, often 
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convenient to assume that the motor is blocked and 
that e g in the equation is zero. A solution under this 
condition is given in the appendix equations (III) and 
(IV). The curves are plotted in Fig. 6, and compare 
with the test of Fig. 2 except that armature inductance 
was not in the circuit during the test. Furthermore, 
the affect of saturation was neglected in the calculations. 

In case the motor is running and the circuit is opened 
and then closed before the speed has dropped appreci- 
ably, the term e g is a function of flux only. Equations 
(V) and (VI) in the Appendix give this solution, and 
in Fig. 7, the curves are plotted. It was assumed 
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that'the shunt and motor circuits were both opened 
andjclosed, or that no initial flux was present. In 
previous solutions, the transients were non-oscillatory; 
that is, there was no periodic pulsation of current. 
Under the present conditions, however, the constants 
must be nearly always such that the final solution 
contains sine and cosine terms. The phenomenon 
therefore resembles a condenser charge. 

The load on the motor was assumed to be such that 
100 amperes were required under steady-state condi- 
tions. The curve of series current during the oscilla- 
tion decreases below 100 amperes, later regaining this 
value. The shunt current also oscillates past the 
steady-state value. The time for one cycle of the 
oscillation is about the same as that required for 
the transient to disappear. 


RESULTS OF CURRENT TRANSIENTS 


In order to find the quantitative reduction in starting 
torque resulting from the transients described, the 
curves in Fig. 5 may be compared with curves obtained 
from an ideally perfect case. This ideal case may be 
represented by a compound motor in which it is assumed 
that there is no interaction between the two fields. 
The shunt field current will remain constant at its 
initial value during the transient, if such an assumption 
is made. The fundamental voltage equation for the 
series circuit then becomes: 

di, 
Ej =L- tR teg (C) 


In this equation, L is the sum of Lı and M. The curves 
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of torque and current resulting from its solution 
(equation (VII), Appendix) are also plotted in Fig. 5. 
The maximum torque is more than twice as great as 
that obtained with damping. The average value of 
torque during the starting period, with damping, is 
3250 ft-lb., and without damping is 4600 ft-lb., or 
the reversal of the shunt field current causes the torque 
to be decreased to 71 per cent of its value. The iron 
would saturate during the current peak, however, and 
the true torque would be less than 4600 ft-lb. if there 
were no field interaction. 

An oscillogram was taken as a compound motor 
was started with a shunt generator for load. The 
curves in Fig. 9 are an analysis of this oscillogram 
showing how the total input power is divided in the 
motor. The accelerating power was calculated from 
the moment of inertia and instantaneous speed. The 
losses due directly to field interaction are ineluded 
in the load loss curve. Actually, the additional current 
necessary to provide a given starting torque with a 
weakened field gives rise to additional and unnecessary 
copper loss. The curve of “essential input” is the 
sum of the actual required power, and the area between 
the two input curves is the loss which may be charged 
to field interaction. This loss is within the motor 
itself and does not include the additional loss incurred 
in the starting resistance because of field interaction. 
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The peak of starting current is a function of generated 
voltage at the time of the peak. With no field inter- 
action, and consequently a higher flux, this peak will 
be reduced at the same time the starting torque is 
increased. | 


METHODS OF REDUCING FIELD INTER-ACTION 


The damping action of the shunt field in magnitude 
is proportional to the area traced by the curve of shunt 
current during its decrease, and this, in turn, is some- 
what proportional to its lowest peak. ‘There are three 
methods of reducing this area: 

1. Altering the time constant of the shunt circuit. 

2. Placing resistance in the series circuit. 

3. Changing design constants. 
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A study of the curve of shunt current in Fig. 6 shows 
that the current decreases very rapidly and increases 
slowly. The increase is a function of the time con- 
stant of the circuit itself, but the decrease may be 
very rapid because the series current is changing at 
the same time but in the opposite direction and, there- 
fore, the flux need not change rapidly. In fact, if 
L, and L, are zero in the fundamental equation, the 
current may reach its peak in zero time. Such phe- 
nomenon has been observed in case of very small 
leakage between the windings. If the time constant 
were increased, as by placing the field coils in parallel 
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PARALLEL 


rather than in series, the shunt current would regain 
normal value more rapidly, thereby increasing the 
flux more rapidly. At the same time, however, the 
current peak is increased in a negative direction and 
the traced area will be larger than before. 

If, on the contrary, inductance is added to the 
shunt field circuit, the negative peak is decreased and 
the area will be less. In Fig. 6, curves are plotted 
for the currents and flux, with a large inductance in the 
shunt circuit. These may be compared with the 
other curves in the same figure, in which Ls; was 10 
henrys. It will be seen that the peak is reduced from 
1.7 amperes to 0.5 ampere. 

The oscillogram in Fig. 10 was taken with the field 
coils in parallel and may be compared with Fig. 2. 
It will be seen that the negative peak has been in- 
creased and the area increased even though the current 
regains steady state more rapidly. 

Equation (VIII) in the Appendix, which is a simpli- 
fication of equation (III) if the self-inductive co- 
efficients are zero, states that the negative peak of shunt 
current depends directly on the resistance of the series 
circuit. Therefore, if the starting resistance is increased, 
the field interaction is decreased, and within limits, the 
starting torque will remain practically unchanged. 
In Fig. 11 it will be seen that the series current is less 
than in Fig. 2 because of additional resistance, and 
that the negative peak is somewhat reduced. 

The design of the motor may be changed by altering 
the relative copper on the two fields. The worst 
condition is an equal division. Equation (8) also 
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shows the interaction to be a function of the turns 
ratio, and that if more turns were placed on the shunt 
field and a smaller current were carried by the coils, 
transient conditions may be improved. It is not 
always feasible to make such changes, however, and 
in such eases another type of motor is the best solution. 
This, however, would rarely ever be necessary. 


CONCLUSIONS 


It is obvious from the preceding discussion that with 
many applications of compound motors, the action of 
the shunt field has no particular disadvantage. It is 
only in case the starting torque must be all that the 
motor could possibly supply, or in case the motor is 
constantly started and stopped, that such phenomena 
become important. 

In case the shunt field current reverses appreciably 
and the flux riseis much slower than it would be, neglect- 
ing field interaction, (even though saturation is also 
taken into account in finding the flux rise in case there 
was no field interaction), it is probable that the appli- 
cation would be best fulfilled by a straight series or 
shunt motor. In the event that a compound motor 
is desirable for other reasons, however, the design may 
be altered by changing the relative amount of copper in 
the two fields. 

In drawing general conclusions from the above, 
it must be remembered that there are many types of 
motors, so-called compound, including those which 
have only a small series or shunt stabilizing winding. 
Because field interaction is most severe with an equal 
division of copper in the two fields, this latter group of 
motors is only slightly affected by the described 
phenomena. In case of true compound motors, which 
derive a large portion of their flux from both fields, the 
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RESISTANCE 


general conclusion is that on account of their peculiar 
transients, they must be applied with care. 

Also, because of the variation in magnitude of start- 
ing resistance used with the motor, it is not possible to 
state definite conclusions with regard to a particular 
motor without taking into account the exact condi- 
tions of application. The contents of this paper may 
therefore serve to aid in checking doubtful applications 
and in making clearer the general phenomena of com- 
pound field interaction. 
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Synopsis.— Public utilities which have to do with supplying 
electric power are continually finding themselves confronted by prob- 
lems a little different from anything in the past. 

New interconnections of superpower planis and transmission lines 
often present involved metering installations. The installation 
herein described has to do, generally, with such a condition and 
specifically has to provide for metering the stmultaneous composite 
demand of an ultimate installation of 48 separate feeder circuits. 

It ts believed that this is the largest installation of its kind so far 
attempted. The importance of this particular job required a very 


HE expansion of modern superpower systems, 
through involved interconnections and remote 
points of metering, has created situation srequiring 

special adaptations of existing apparatus and distinct 
development in many of its parts. It will be the 
purpose of this paper to treat in detail a specific meter- 
ing problem which was encountered, giving a de- 
scription of the apparatus selected and the reasons 
justifying this particular solution. It is felt that this 
solution is one which will apply to an increasing number 
of public utilities confronted with identical situations. 
At the same time it may be suggestive of others, for the 
apparatus has a wide use in problems dealing with time 
studies. 

Certain electric power contracts were negotiated 
during 1927, whereby the entire output of the Cahokia 
Plant of the Union Electric Light & Power Co. of 
Illinois would be sold directly to three customers on a 
combined demand and energy basis. This required 
that each customer be metered for the maximum 
demand of his load in kilowatts and his total monthly 
consumption of kilowatt-hours. The maximum de- 
mand was defined as the integrated average load for 
that fifteen-minute interval in which the greatest 
total number of kilowatt-hours was taken. All three 
customers were to be metered in like manner. 


The Union Electric Light & Power Co. is supplied 
entirely with its 60-cycle requirements from Cahokia 
by means of some 30 submarine cables crossing under 
the Mississippi River and terminating in distribution 
substations located at various load centers throughout 
the City of St. Louis. The ultimate development of 
Cahokia provides for 48 such cables, each radiating 
from the generator bus through its individual oil 
circuit breaker. The existing installation of 30 cables 
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exacting study of all factors and the operating results, to date, 
seem to bear out the solution. A novel scheme has been incorporated 
in the daily routine of handling the demand meter tapes. A general 
description of thisis given. A few details of the physical installation 
are cited, which show the extreme care used through the whole 
installation. 

While this application is specifically designed for metering, the 
principles involved are applicable to numerous other uses, some of 


which are mentioned. 
$ $ $ $ $ 


comprises three distinct capacities; t. e., 3000-, 7500- and 
12,000-kv-a. per feeder. 

This particular problem obviously becomes that of 
metering an ultimate of 48 individual circuits simul- 
taneously, and of totalizing the demands of the different 
capacity cables in such a way that they will all have the 
correct effect upon the instruments. 

The other two customers, —namely, the Illinois Power 
& Light Corporation and the Union Electric Light & 
Power Co. of Illinois,—are supplied by means of the new 
Cahokia transmitting substation which has been 
constructed to step up the energy from 13,800 to 69,000 
volts. A portion of the load is transmitted four and a 
half miles over a common line, known as the Cahokia- 
Venice Transmission Line, to the Venice Substation, 
where the Venice Power Plant is tied in and used in 
times of emergency for relay service. Two lines emanat- 
ing from this substation, one to Alton and the other to 
Stalings, supply a part of the load to these two 
customers. A third line extending directly from the 
Cahokia Substation to Belleville supplies the remainder 
of the load of the Illinois Power & Light Corporation. 
The general arrangement of circuits is shown in Fig. 1. 

Another clause in the contracts specified that all 
energy be metered at the generating bus potential; 
that is, 13,800 volts. All meter readings consequently 
must be referred to a common voltage in order to 
properly assign transmitting and transformation losses 
to the individual. This necessitates high-voltage 
metering of the two customers' individual lines before 
they join in a single circuit. Both high- and low- 
voltage metering were installed at all points indicated 
on Fig. 1, without involving any special study. Read- 
ings from the high-voltage meters would provide the 
necessary ratios for dividing the readings of the low- 
voltage meters registering joint use. 

.No attempt was made to meter these two customers 
at one point, for it was recognized that this method 
would involve more unreliable elements than by diverse 
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metering and monthly calculations. This point was 
decided chiefly by local factors. Thus the second 
problem as to meter requirements was solved in a simple 
manner. It will be touched upon again under billing 
procedure. 

A survey of the market for a solution of the problem 
of metering the 48 circuits of the Missouri Union Co. 
was somewhat disheartening. No simple solution was 
available, but a study of totalizing watt-hour meters 
was made. It was found that these were available in 
capacities up to and including eight circuits, but when 
applied to a 48-circuit problem, they became prohibitive 
in cost. 

Further study indicated that a simple watt-hour 
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meter equipped with a standard device for making 
contacts for the predetermined passage of a definite 
amount of energy would be the cheapest and yet most 
reliable solution, provided a means could be found of 
collecting these contacts from the watt-hour meters on 
the 48 circuits. 


Two distinct methods seemed possible: the first 
scheme suggested that some means of collecting the 
contacts at definite regular intervals could be developed. 
In principle this would operate similar to an electric 
adding machine. The pressing of several keys would 
correspond to the making of contacts on several of the 
watt-hour meters. Periodically, the group would be 
totalized just as one presses a totalizing key on an add- 
ing machine. The time interval between collection of 
contacts would have to be less than that required for 
the making of two successive contacts on the watt- 
hour meter under greatest load. With this method, 
simplicity and low cost would obviously obtain. This 
principle had the disadvantage that if a contact on a 
watt-hour meter should ''freeze" or stick, a contact 
would be transmitted to the printing demand meter at 
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each collection interval. Thus, evaluating the contacts 
in terms of kilowatts would give an excessive demand 
reading and thereby penalize the customer. It was 
felt that any possible chance of error or trouble in the 
metering device which could be guarded against 
should be resolved in a manner favorable "to the 
customer and thus preserve his good-will. This 
method, while it incorporated novel mechanical 
and electrical features, had a further limitation in its 
inability to register all impulses when there was a large 
number of watt-hour meters to be totalized. This 
principle incorporated a piece of equipment which would 
be required to operate continuously and be subject 
to appreciable wear. In view of these facts, it was 
found advisable to discard this method in favor of 
the second, which will be described at length. 


Fia. 


2—ScHEMATIC DIAGRAM OF Four-ELEMENT TOTALIZING 
. RELAY 


The second possible method provided that the con- 
taets from the watt-hour meters be collected and 
recorded on a demand meter at the instant that they 
were made. With a multiplicity of meters,—48, 
for instance,—the probabilities were that frequently 
several contacts on separate meters would occur simul- 
taneously. Some means of absorbing these contacts 
at the instant of making and of giving them out uni- 
formly for registration was necessary of course so that 
none would be lost in the process. This principle 
involved no such limitations as were encountered in the 
first method. Any number of circuits might be total- 
ized by simply pyramiding the recording instruments. 
It also had the advantage that the recording instru- 
ments were operating only at the time that watt-hour 
meter contacts were made. At times of no-load on the 
circuits, there would be no wear and tear on the record- 
ing instruments. 

These fundamental considerations seemed to be 
provided in a totalizing relay on which the manufacturer 
agreed to make certain necessary modifications in his 
standard equipment to meet adequately our specifica- 
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tions. By means of the instruments shown and the 
schematic diagram of connections (Fig. 2), the general 
principle of operation may be followed. By passing an 
electric current through a watt-hour meter, the element 
is made to revolve, thereby driving the contact device 
which makes and breaks a circuit at intervals propor- 
tional to the loading of the watt-hour meter. A contact 
impulse eminating from a watt-hour meter must ob- 
viously be evaluated in terms of kilowatts before it 
leaves the meter. This is accomplished by making the 
gearing and number of cam teeth within the watt-hour 
meter proportional to the kilowatt constant of the 
meter itself. After a contact has been imparted to a 
totalizing relay, it loses its identity and value in relation 
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to other contacts. Tracing this contact circuit, (Fig. 2), 
we find that a coil, A, is energized in a totalizing relay 
which actuates a rocker arm and, by means of a ratchet 
device, D, advances a shaft a definite number of degrees. 
Simultaneous contacts on two adjacent coils (not 
shown) are made effective through differential gearing, 
E and F. A contact is then transmitted through suc- 
cessive stages of gearing to a coil spring between gears 
H and K. This spring functions to store several 
contacts if they occur simultaneously, and by un- 
winding, revolves shafts J and N at a uniform rate, 
thereby giving out the same number of contacts as was 
received. The driven shafts are damped in their 
rotation by means of a disk and magnet. This final 
shaft, I, has two cams, L, and contact devices on it, so 
that its rotation is translated again into contacts which 
are recorded on a printing type of demand meter. 
Stops on the gears, H and K, on each side of the coil 
spring prevents over-registration of the relay. The 
use of double-contact devices instead of single is 
especially noteworthy. Each set of contacts is con- 
nected to two coils whieh work against each other. 
Once a contact is made and its coil energized, further 
successive contacts on this one circuit—such as is 
caused by chattering—have no effect until the other 
contact functions. This description covers the general 
operation of a single totalizing relay. By pryamiding 
these relays as shown in Fig. 3, practically any number 
of circuits or contacts may be recorded. 
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The 48-circuit installation comprises eight 6-circuit 
totalizing relays, which are designated as subtotalizers. 
The contacts on each subtotalizing relay are in.turn 
connected to a coil on an &-cireuit totalizer, which 
has been designated the master totalizer. The impulses 
emanating from this master totalizer are recorded on a 
standard printometer. The 15-min. interval specified 
by contract for demand readings is obtained through 
clock-driven contaets which reset the printometer to 
zero reading every fifteen minutes. 

Each 6-circuit totalizing relay has a contact ratio of 
five to one; i. e., for every five impulses received, it 
gives out one to the 8-circuit master totalizer. The 
8-cireuit totalizer also has a contact ratio of five to one, 
giving only one contact to the recording printometer for 
every five received from the subtotalizers. As an 
example, assume that the printometer registers 150 
contacts; this means that the 8-circuit relay has received 
750 contacts in the 15-min. interval. On the average, 
each 6-circuit totalizer must have contributed 93.7 
contacts and received 468.7 contacts from the 6-watt- 
hour meters connected to it. There being eight groups 
of watt-hour meters, a total of 3750 contacts must 
have been made in the watt-hour meters in the 15-min. 


4—FRONT VIEW OF 48-CIRCUIT (ULTIMATE) TOTALIZING 
DEMAND METER INSTALLATION,—CAHOKIA PLANT 
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interval. Each watt-hour meter, on the average, 
could have contributed 78.1 contacts per 15-min. 
interval, or 5.2 contacts per minute if all were evenly 
loaded and of the same capacity. With a permissible 
shaft speed on the watt-hour meter of 30 rev. per min. it 
would take slightly less than six revolutions of the watt- 
hour meter shaft to give one contact, or approximately 
one contact for each 12 sec. elapsed. This particular 
installation has a constant of 2000 kw. per contact as 
registered. With a maximum scheduled number of 
contacts of 150, this would indicate a customer demand 
of 300,000 kw. 

It would be folly to expect perfect operation in this 
type of equipment in spite of the high standards of 
manufacture. In an attempt to guard against errors 
of registration, it was specified that each individual 
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totalizing relay should be equipped with a cyclometer so 
that the total number of impulses received by the total- 
izer from the group of watt-hour meters connected to 
it could be ascertained and checked periodically. The 
readings of the cyclometer dial when compared with 
the summation of the readings of the respective registers 
on the six watt-hour meters connected to it should 
check. Any failure of these figures to check very closely 
—4. €., within a tenth of one per cent or thereabouts— 
would indicate a faulty contact mechanism on one of the 
six watt-hour meters. Periodic checking in this matter 
affords a simple means of locating and correcting any 
such troubles before they can become accumulative. 
The reading of the cyclometer dial on the master 
totalizer, over a period of a month, will also indicate 
the total kilowatt-hours supplied to the customer over 
the 48 circuits for the entire month. This saves con- 
siderable time at the end of the month when there is 
always a large amount of detail reading and checking. 
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The daily checking of the cyclometers renders this 
figure accurate for use. 

Because of their inherent points of design, meters 
and relays of this type are fundamentally foolproof. 
They do not require the manufacturing precision of a 
delicate watch mechanism or a high-grade clock. The 
laboratory methods used in checking, adjusting, and 
calibrating these instruments assure us of a high-grade 
solution of this particular problem. Such a metering 
installation, upon the readings of which millions of 
dollars are paid out annually, must be stable and reliable 
to justify the confidence of all concerned. 

Fig. 4 shows the front view of the installed metering 
panels. The wiring on the back of the panels is continu- 
ous from the contacts in the watt-hour meter to the 
coil in the totalizing relay. No joints or splices have 
been tolerated and, therefore, it is expected that 
contact troubles which ordinarily occur in small current 
circuits will be eliminated. 


Abridgment of 


The Calculation of the Armature Reactance of 
Synchronous Machines 


BY P. L. 


A. I. E. E. 


Member, 


Synopsis.—T his paper presents new and simplified formulas for 
the armature leakage reactance of synchronous machines, and com- 
pares the results obtained with tests on 100 machines of varied types. 
The new formulas are characterized by novel expressions for the 
end leakage and for the ''air-gap" or "differential leakage" reac- 
tances. Formulas for zero phase-sequence reactances also are 


I. INTRODUCTION 


HE growing interest of operating engineers in 
machine reactances as system stability and short- 
circuit phenomena continually become more 

important together with the recent advances in the 
theory. of synchronous machines, make renewed con- 
sideration of the subject of reactance calculation 
opportune at the present time. Papers on this subject 
have appeared in the JOURNAL’S pages at intervals over 
a period of more than 20 years, each paper marking a 
further refinement of methods and an advance in 
accuracy. At first, it was customary merely to estimate 
the numbers of leakage lines per ampere inch of em- 
bedded and free conductor, and multiply them by the 
respective lengths to obtain the reactance. Later, the 
reactance was segregated into several distinct elements 
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given. The definitions of armature leakage and armature reaction 
reactances used are those proposed by Doherty and Nickle in 
1926, and as a result, the leakage reactance has a much smaller value 
than has been assigned to tt heretofore, thus requiring a rather 
fundamental revision of the ordinary conceptions of the flux den- 
sities existing in the various parts of a loaded synchronous machine. 


that were calculated separately. These calculations 
have reached greater precision in connection with 
induction than with synchronous machines, due to their 
greater importance, and, in this case, the possibility of 
more accurate tests. Adams!' 3-14 first developed : 
formulas for induction motor reactances, and later 
Fechheimer? and Doherty and Shirley’ developed 
formulas for synchronous machines. In 1926 Doherty 
and Nickle? presented some fundamental extensions 
of the theory of synchronous machines, and proposed 
new and more precise definitions of armature leakage 
reactance and armature reaction reactance. The 
present paper adopts these new definitions and develops 
simple formulas for the accurate calculation of the two 
quantities for salient pole machines. 

The reactance of armature reaction is here defined as 
the reactance due to the fundamental sine wave of 
air-gap flux produced by the armature current acting 
alone. It is calculated by means of the curves derived 
from flux plots by Wieseman.? There are two distinct 
values for it; the direct axis value occurring when the 
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axis of armature m. m. f. coincides with the pole axis, 
and the quadrature axis value occurring when the axis 
of armature m. m. f. is midway of the interpolar space. 

‘The armature leakage reactance is defined as the 
difference between the total or synchronous armature 
reactance and the above defined reactance of armature 
reaction. The distinction between the leakage and the 
armature reaction components of the total reactance is 
quite an arbitrary one, since no winding can have a 
definite value of leakage reactance except with respect 
to another winding. Some distinction of this character, 
however, is very desirable for convenience in calculat- 
ing the transient reactance and for other purposes. 
The armature leakage reactance as above defined is 
as nearly equal as may be to that part of the total 
armature reactance which remains the same under 
transient as under steady conditions of operation. 

Following Adams’ treatment of the induction motor, 
the armature leakage reactance of a synchronous 
machine is divided into four parts; the slot, end, zig- 
zag, and belt leakages. These four divisions of the 
reactance are commended here for the two reasons 
that they fit in very well with the new conceptions of 
leakage reactance, and that their adoption will tend to 
unify the theory of the two types of machine. Specif- 
ically, the total ‘‘air-gap leakage" due to harmonics 
of the air-gap flux is segregated into the two parts 
called zigzag and belt leakage, respectively, in order to 
permit the effects of the independent variables, number 
of slots, and number of phase belts to be separately 
taken into account. 

All previously published formulas for zigzag leakage 
have involved the consideration of overlapping primary 
and secondary teeth, and so have taken into account 
inadequately the effects of flux fringing in the air-gap; 
thus they have been inapplicable to synchronous 
machines. Also, older formulas for end leakage have 
been frankly empirical in nearly all cases. The new 
formulas for these elements have been derived by 
considering the leakage flux to consist of revolving 
magnetic fields, divided into a fundamental and a 
series of harmonics. In each case, the coefficients of 
the resulting formula was derived from theoretical 


considerations alone, and no empirical multipliers were. 


used to bring the results into agreement with practise, 
although simplifying assumptions were freely made, as 
the occasion demanded. Before going further, it 
is desirable to get clearly in the mind the distinctions 
between the four elements of the leakage specified. 
The end leakage reactance is due to the flux linking 
the end windings only. The slot leakage comprises 
all of the flux crossing the slots due to the armature 
current, but does not include flux passing from tooth 
to tooth in the air-gap space. There is evidently 
a slight error here because the flux lines near the 
mouth of the slot do not pass straight across, but 
bulge outwards into the gap. The zigzag leakage 
comprises all of the space harmonics of the air-gap 
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flux, due to the armature current in a one slot per pole 
per phase winding which induces fundamental frequency 
voltages in the armature. This includes the flux which 
crosses from tooth to tooth in the air-gap and interpolar 
spaces without actually reaching the field surface, and 
so takes up the leakage flux at the point at which the 
slot leakage left it. The belt leakage then comprises 
all the remaining fundamental frequency voltage pro- 
ducing space harmonics of the air-gap flux due to 
armature current. This last reactance is the additional 
reactance that an actual winding has above that which 
it would have if there were as many phases as slots per 
pole. Thus, the zigzag leakage reactance is due to the 
deviation of the armature m. m. f. wave from a sinusoid 
caused by the limited number of slots, and the belt 
leakage reactance is due to the further deviation caused 
by the limited number of phases. 


The belt and zigzag reactances together have been 
called? appropriately the “differential leakage," since 
they are due to the deviations of the armature m. m. f. 
from the ideal sine wave. They may also be called 
"air-gap leakage" since they represent the difference 
between the total and the armature reaction com- 
ponents of the fundamental frequency voltage produc- 
ing air-gap flux. As the differential leakage reactance 
varies with the relative positions of the axes of the 
armature m. m. f. and the poles, the armature leakage 
reactance varies likewise, and has a slightly higher 
value in the quadrature than in the direct axis.? 


Formerly, the air-gap flux due to the armature current 
was divided into two parts; that due to the armature 
reaction, and that due to “tooth tipleakage."" The 
armature reaction part was intended to represent the 
air-gap flux produced by the armature that links the 
field, but the determination of this flux was erroneously 
based on the linkages of the armature by the air-gap 
flux due to the field. The remaining part of the total 
air-gap flux produced by the armature was then called 
tooth tip leakage. As the new definition of armature 
reaction includes most of this latter flux, we have 
abandoned the name “‘tooth tip" and called the small 
remaining part, the synchronous frequency voltage- 
producing harmonic fluxes, “differential leakage," as 
just described. 


Bearing in mind these conceptions of the leakage 
reactances which we are going to calculate, the deriva- 
tions of the formulas for them can be readily under- 
stood. In this abridged version of the paper, however, 
we shall omit all the work of derivation and proceed 
at once to the results of that work. 


Il. ARMATURE LEAKAGE REACTANCE FORMULA 


Expressed as a fractional voltage drop due to full- 
load current (per unit value), the armature leakage 
reactance of a polyphase salient pole synchronous 
machine with a barrel-type armature winding and 
fractional slots per pole, in inch units, is 
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If integral slots per pole are used, the (P/S)? term 
should be multiplied by 0.5. Ifin addition, the machine 
has a squirrel-cage winding, the Ks term is to be 
omitted. The reactance is assumed to be the same in 
both axes, but actually it is greater by about 14 of the 
A/F term in the quadrature axis than in the direct axis. 

In formula (37), the first term in the brackets repre- 
sents the slot leakage. It is not exact, but is very 
nearly so for normal three-phase machines with a wind- 
ing pitch, p, between 2/3 and 1, and is commercially 
accurate for two-phase and three-phase machines with 
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pitches between 0.5 and 1. If the pitch is greater 
than 1, 2 — p is to be substituted for p in the formula. 
The complete formula is given in the original paper. 
The second term in the brackets represents the end 
leakage. It was derived by combining more compli- 
cated expressions for the two parts of the end leakage 
flux, the ‘‘axial flux" and the “peripheral flux." The 
resulting expression is reasonably accurate for winding 
pitches between l4 and 114, but is obviously in 
error for pitches much below 0.5. The first (A/F) 
term represents the “zigzag leakage" due to the slots, 
and the second represents the "belt leakage" due to the 
phase belts of a regular winding. In deriving these 
expressions, the additional belt leakage due to the 
fractional m. m. f. harmonics of an irregular winding 
was assumed to be just equal to the zigzag leakage for 
that number of slots, approximately in accordance with 


the results of calculations for some actual windings. 


As the Kz, term in (37) is generally very small in com- 
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parison with the other terms, it is usually neglected. 

As the value of X, found from test is totally different 
depending upon how the armature reaction is con- 
verted into equivalent field ampere-turns, it is neces- 
sary to consider the matter before proceeding to 
a comparison of test reactances with those given by 
(37). 

Wieseman? has derived accurate coefficients by flux 
plotting for the calculation of the fundamental sine 
wave of flux produced in a salient pole machine by the 
concentrated field turns, and by a sinusoidally dis- 
tributed armature reaction. By taking the ratio of 
these two coefficients, the necessary factor, K,, to 
convert the armature reaction ampere-turns into 
equivalent field ampere-turns can be derived. This has 
been done by Mr. Wieseman, and the result is shown in 
Fig. 7. By substituting the quadrature axis coefficients, 
(also given in reference No. 2), for those of the direct 
axis, the armature reaction and the total or synchro- 
nous reactance in either axis can be accurately 
calculated. 

.The usual way to determine the armature leakage 
reactance by test is first to take open- and short-circuit 
characteristic curves which give armature voltage on 
open-circuit and armature current on sustained short- 
circuit, respectively, as functions of field current. 
Then the field current, corresponding to full-load 
armature current on short circuit, divided by the field 
current corresponding to normal voltage on the air-gap 
line, is equal to the synchronous reactance expressed as 
a fraction. By subtracting the calculated armature 
reaction, also expressed as a fraction of the no-load air- 
gap field ampere-turns, (from the test value of synchro- 
nous reactance), the test value of armature leakage 
reactance is found. The calculated armature reaction 
ampere-turns are given by (10), multiplied by the value 
of K, from Fig. 7. 

As the errors of the test value of synchronous reac- 
tance probably average one per cent, and as Fig. 7 also 
involves slight errors, it is evident that this method of 
obtaining the leakage reactance is inherently very 
inaccurate. On high-speed machines, the leakage 
reactance is very small by comparison with the total 
reactance, so that in this case, the results are particu- 
larly inaccurate. Nevertheless, as explained in the 
complete paper, other methods that have been proposed 
for measuring the leakage reactance involve worse 
defects, and so the usual method just described has 
been followed in checking the new reactance calculations 
against test results. 


III. COMPARISON OF TEST AND CALCULATED RESULTS 


In Tables III to VII inclusive, the calculated and 
test values of synchronous reactance are compared for 
five groups of machines of different types. The 
machines were selected at random, and the tests were 
all made in the regular commercial routine. The 
average absolute error for the entire list of 100 machines 
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is 0.4 per cent, and the average numerical error is 1.7 
per cent, so that the results are as accurate as could 
reasonably be expected when the errors of test and those 
inherent in Fig. 7 are considered. If the value of the 
armature reaction reactance, X ,,, and the test value of 
total reactance, X ,, are assumed to be exact, the test 
value of leakage reactance can be found by subtracting 
one from the other. This has been done for each 
group of machines, and the average errors between 


the test and calculated values of X, for each case are ` 


given in Table VIII, together with the corresponding 
errors in X4. 
On this basis the average absolute error of the leak- 


TABLE VIII 
Per cent Numerical 
error 
Test |Per cent 
Absolute From 
Type of machine Cale error From 1 mean 
Errors in values of XI 
High-speed (II)................. 0.86 —13.6 31 30 
Medium high-speed (II1)......... 1.01 1.0 11 11 
Medium low-speed (I1V).......... 1.06 6.3 11 10 
Low-speed (V)............. esee 1.06 5.7 12 10 
Small low-speed (VD............. 1.04. 3.6 8 7 
Errors in values of X 
High-speed (ID................. 0.992 — 
Medium high-speed (III)......... 1.000 
Medium low-speed (IV).......... 1.008 
Low-speed (V).............eeese 1.011 
Small low-speed (VI)............. 1.019 


age reactance for the 100 machines is 0.6 per cent, and 
the average numerical error is 14.6 per cent. The worst 
errors occur for the high-speed machines, and inspection 
of Table VIII indicates that the calculated value of X, 
is appreciably too high for high-speed machines and a 
little too low for low-speed machines. By empirical 
adjustments of the coefficients of the end and differential 
leakage components of the reactance, it is evident that 
these errors could be reduced. Such adjustments of the 
constants, however, should be made by each manufac- 
turer for himself, as they will depend upon the par- 
ticular end winding constructions and so forth that 
each one uses. The formulas as given were derived 
straightforwardly from theoretical considerations, and 
no attempt has been made to make empirical cor- 
rections, although simplifying assumptions have been 
freely used. 

The causes for the varying magnitudes of error shown 
in Table VIII are brought out more clearly by a study 
of the relative proportions of the various elements of the 
total reactance for the different types of machines. 
Table IX gives the average ratios of slot, end, and 
differential leakage to the total leakage reactance; and 
also the average ratio of the total leakage reactance to 
the armature reaction reactance for each case. Since in 
the high-speed machines, X; averages only 6 per cent of 
X a, while in the small low-speed machines it averages 
25 per cent, it is clear that a given error in the mea- 
surement of X, makes more than four times as great an 
apparent error in X, in the former as in the latter case. 
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Average ratios 


XEnd Xpit. Xi X| new 

Type of machine Xı XI Xd XI old 
High-speed............. 0.60 0.03 0.059 0.56 
Medium high-speed..... 0.35 -| 0.08 0.087 0.58 
Medium low-speed...... 0.32 0.08 0.132 0.66 
Low-speed.............. 0.16 0.17 0.189 0.70 
Small low-speed......... 0.16 0.26 0.252 0.72 


This partially accounts for the relatively large numerical 
errors in X, for high-speed machines. 

The last column of Table IX gives the average ratio 
of the new value of leakage reactance to the value 
given by the older formulas derived by Doherty and 
Shirley. This ratio varies from a little over one-half 
for the high speed, to nearly three-quarters for the low- 
speed machines. The percentage of error between test 
and calculated values of X; is thus magnified on the new 
basis, so that a direct comparison of the accuracy given 
by the two formulas cannot be made. The older 
formula had an average apparent error of about 16 per 
cent, so that taking into account the test errors, which 
cause a considerable part of the dispersion, the new 
formula is indicated to have about half the true error 
of the old. 


IV. ZERO-PHASE SEQUENCE REACTANCE 
CALCULATIONS 


The zero-phase reactance is important in the calcu- 
lation of single-phase short circuits, cireulating currents 
in delta windings and in other cases. "The zero-phase 
sequence currents are in time phase in all the armature 
windings, and therefore they produce no fundamental 
m.m.f. "Therefore the end leakage reactance can be 
neglected, and only the slot leakage and the differential 
leakage elements of the reactance need be considered. 
The resulting formula for the zero-phase reactance of a 
three-phase, 60-deg. belt winding, with a winding pitch 


between 2,3 and unity, expressed as a fraction, is 
20A ( PL 
Ky K? o ws 


>, rae phase = 


d, d; 
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(38) 

The coefficient Ko is introduced in (38) to allow for 
the reduction of the harmonic fluxes, especially the 
third, by induced currents in the rotor circuits. As 
all the terms except the first in the last brackets of 
these equations represent third harmonic fluxes, these 
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terms are generally reduced to a fraction of their appar- 
ent values, and K, should ordinarily be taken as less 
than 0.5. 


The zero-phase reactance has been calculated for two 
machines, and the values compared with tests, with the 
following results: 


Zero-phase 
Assumed Sequence Reactance 
Winding | value - Per cent 
Poles | Kv-a. Freq. pitch of Ko lated Test error 
6 435 60 2/3 0.026 0.021 —24 
36 20.000 60 0.80 0.25 0.070 0.0675 4 


V. CONCLUSIONS 


It is believed that equation (37) is at once the most 
accurate and the simplest comprehensive formula that 
has been published for the armature leakage reactance 
of a synchronous machine. It requires no curves, 
no logarithms, and no tables for its use,—only a few 
slide rule operations,—and it gives a value of leakage 
reactance which, added to the armature reaction 
reactance derived from flux plots, quite accurately 
checks the test values of synchronous reactance for the 
entire range of salient pole synchronous machines in 
commercial use. 

The leakage reactance so determined averages about 
two-thirds of that given by the widely used formulas 
derived in reference No. 7, since the latter included as 
leakage reactance a part of the fundamental sine wave 
of air-gap flux due to the armature, which links the 
field winding in the direct axis, and thus constitutes a 
part of the true armature reaction. The new value of 
leakage reactance, added to the squirrel-cage reactance, 
checks observed standstill reactances of synchronous 
motors; and, added to the field reactance, checks the 
values of transient reactance found from oscillographic 
tests on synchronous generators. With the old re- 
actance formulas, rather arbitrary reductions of the 
caleulated field reactance and tooth tip reactance 
were necessary before checks with transient and stand- 
still reactances could be secured. Finally, with the old 
formulas, the calculated increase in internal voltage of a 
synchronous generator under load gave much higher 
flux densities in low-power-factor machines than 
actually occur; so that arbitrarily reduced values of field 
leakage under load were used in calculating saturation 
curves, thus establishing a series of compensating errors. 

There is no space to demonstrate the validity of 
these statements here, and they are simply made to 
show that the acceptance of the new values of leakage 
reactance involves a fundamental revision of the 
generally adopted design constants of synchronous 
machines. In writing the paper, an effort has been 
made to make the new formulas and the new definitions 
such that the further refinements which the future will 
bring can be added without again altering our con- 
ceptions or the orders of magnitude of the characteristic 
constants of design. 
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NOMENCLATURE 
A = Maximum ampere-turns per pole of arma- 
ture reaction 
di, dx, dj, w = Slot dimensions shown in Fig. 1 of com- 
plete paper 


D = Gap diameter 

F — No-load air-gap field ampere-turns per 
pole 

Ks = Belt leakage constant, given in Fig. 6 


K» Ka = Pitch and distribution factors of arma- 
ture winding (less than unity) 


L = Gross core length 

p = Winding pitch expressed as a decimal 

P = Number of poles 

S = Total number of slots 

Xa = Total, or synchronous, reactance in 
direct axis 

X, = Total armature leakage reactance 

@ = Flux per pole in c. g. s. lines. 


SPECIAL ALLOY ELIMINATES EROSION 
OF IMPULSE-WHEEL NOZZLES 


Erosion of impulse waterwheel nozzles, always a 
problem in high-head plants, seems to have been suc- 
cessfully met by the San Joaquin Light & Power Cor- 
poration, Fresno, Calif., by the use of "Stellite," a 
very hard and tough alloy. At the company's recently 
completed Balch high-head plant bronze or cast-steel 
nozzles had a life of from 35 to 40 days only, due to the 
cutting action of the water. 

Although the water is very clean and free from 
abrasive material it was found that the water passing 
through the 71%-in. nozzles with a velocity of 360 ft. 
per second under an effective head of 2243 ft. had a 
very decided erosive action on the throat rings and 
nozzles of the 40,000-hp. double overhung waterwheel. 
By welding “‘Stellite’’ onto cast-steel nozzles no signs of 
erosion are evident on the main waterwheel nozzles after 
two months and on the exciter wheel nozzles after six 
months of operation. The alloy comes in !j-in rods 
and is welded onto the steel nozzles with an acetylene 
torch, after which the nozzles are put into a lathe and 
ground down with an emergy wheel, since the metal is 
so hard and tough that it cannot be worked with a lathe 
tool. The work is done by the power company's 
men on the job at a cost of approximately $75 per 
nozzle.—Electrical World. 


Steam will be generated at 1350 lb. per square inch 
pressure in the new Deepwater (N. J.) station, owned 
jointly by the American Gas & Electric Company and 
the United Gas Improvement Company. 


Transatlantic Telephony 


Service and Operating Features 
BY K. W. WATERSON: 


Fellow, A. I. E E. 


HE introduction of telephone communication 
between Great Britain and the United States 
required the fitting together of the practises of 

two telephone organizations. The development of 
usage between subscribers in the two countries involves 
questions of different telephone habits and experience. 
It may help to define the problem of setting up a service 
of this kind if at the start I mention one or two of the 
most important characteristies of long distance service 
in the two countries which illustrate outstanding 
points of difference. 

In Great Britain, only number service is available; 
that is, à service under which the telephone adminis- 
tration undertakes merely to obtain a connection with 
a specified telephone and on which the message toll 
charge is assessed in all cases, where an answer is ob- 
tained from the telephone called whether or not the 
person desired is there. In the United States, this 
same number service is available at about the same 
initial rates as in England. In addition, we have a 
so-called person-to-person service on which, for a charge 
approximately 25 per cent above that for number service 
at the longer hauls, we undertake to obtain connection 
with a particular person who is specified in the order 
for service. In case of inability to reach the particular 
person desired, the full message charge is not assessed, 
but a so-called report eharge is made which is about 25 
per cent of the station charge, tapering off in percentage 
to a maximum charge of one dollar. This difference 
in the class of service available in the two countries 
is a matter of importance because of the fact that our 
experience here in America shows that on the longer 
hauls and at the higher rates, about 85 per cent of the 
calls are on a person basis, whereas at short hauls, the 
large majority of calls are for a number only. 

In both countries, the toll rates provide for an initial 
talking period of three minutes. In Great Britain, 
additional use of the line is charged for on the basis 
of three-minute units and for each, the charge is the 
same as the initial rate. In the United States, addi- 
tional use is charged for on a one-minute basis—each 
minute’s charge being about one-third of the initial—a 
finer measure of actual use and one which, makes long 
distance telephoning considerably less expensive par- 
ticularly at the higher rates. 

In the United States, the general practise is to allow 
subscribers to talk as long as they wish except on rare 
occasions due to emergencies, such as storm breaks. In 
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Great Britain, subscribers are notified at the end of 
three minutes and are limited to a maximum use of 
six minutes if other calls are waiting. This difference 
in the allowable length of long distance telephone con- 
versations has developed out of basic differences in 
toll service as regards the provision of plant and the 
resultant speed of service. In the United States, we 
plan to give a very rapid service and we provide toll 
line plant to meet these needs. This policy seems to 
best meet the needs and desires of American users and 
to have been a large factor in the rapid development of 
our toll business. As a result, practically all toll and 
long distance calls are placed at the time when the con- 
nection is wanted and subscribers are often impatient 
if their calls are not completed immediately. In 
Great Britain, the plan has been to maintain as high 
efficiency as practicable in toll line plant and this 
naturally results in a somewhat slower long distance 
service. British subscribers are accustomed to longer 
delays than ours in obtaining connections. There is 
considerable advance booking. Under this condition, 
the limitation of the talking period, which I have 
already mentioned, is a practicable means of making 
the service available to as many users as possible and 
also of avoiding possible cases of unfair use of the lines 
by certain individuals to the exclusion of others. This: 
difference in practise regarding the allowable length of 
conversation is a matter of particular moment in con- 
nection with a service like the transatlantic service, for 
the reason that our experience has shown a definite 
tendency for users to talk for longer periods on the 
long haul, higher-rate business. This is probably 
indicative of the greater importance or different nature 
of this class of telephone communication. Whatever 
the reason, calls at 250 mi. average under five min., at 
500 mi. 51% min., at 1000 mi. six min., and trans- 
continental calls, 614 min. 


In Great Britain, distances are relatively short. 
London-Glasgow, for example, represents one of the 
important longer haul routes, and the air-line distance 
is about 350 mi. On international calls, London to 
Berlin is one of the longer hauls at which service is 
available, and this is under 600 mi. In Great Britain, 
there is relatively small development of telephone usage 
at these distances. In the United States, on the other 
hand, we have transcontinental service over some 3000 
mi. with considerable business at this and other long 
distances. Our connection with the Cuban Telephone 
Company has also given us experience with very long 
haul service. So, in the matter of special long distance 
problems and in the development of long distance 
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telephone usage, the experience has been largely on this 
side of the water. 

The service arrangements for this transatlantic 
undertaking were made through discussions carried on 
in London by representatives of our organization and 
officials of the British Post Office. While there were a 
good many problems to be worked out, there was the 
usual result when both parties desire to cooperate and 
to discover the best solution,—an agreement was 
soon reached. It was decided that the service needs 
of transatlantic telephony would best be met by a 
single class of service with one rate covering either 
number or particular person usage. Experience in the 
Bell System had indicated that on long haul business of 
this nature, practically all calls would be for a desig- 
nated person and this has been borne out in the trans- 
atlantic usage. The rate between Great Britain and 
twelve states in the northeastern part of our country 
was fixed at $75 for three min., with an additional 
minute charge of $25. A report charge, of which I 
have already spoken, was fixed at $10 for use in certain 
eases where particular personscalled could not bereached. 
The British Post Office preferred to apply the samerate 
to England, Wales, and Scotland. Because of its wide 
expanse and expensive land line plant, the United 
States was divided into five zones for fixing additional 
land line charges over and above the New York terminal 
rate. These rate zone lines follow state lines. The 
zone rates go up in $3 steps as we draw away from New 
York. Zone rates follow reasonably well the land line 
charges for service from New York. This zoning plan 
was adopted to simplify the means of quoting and com- 
puting the transatlantic rates abroad as compared 
with superimposing the more finely measured land line 
rates on the New York terminal charge. 

For communications extending beyond the initial 
three-min. period, the plan of charging on a single- 
minute basis was adopted, as it seemed the most equit- 
able; particularly in view of the distances and charges 
Involved. 

In setting up service and operating arrangements, 
it was necessary to give consideration to different con- 
ditions which would exist dependent upon the volume 
of business to be handled over the transatlantic channel. 
We had to consider operating practises which could be 
used satisfactorily either under conditions of high load 
and possibly delayed service, or of light load and fast 
service. As a means of insuring service to as many 
users as possible in periods of heavy business, agreement 
was reached that there should be a 12-min. limit on 
individual usage in case other calls were awaiting 
assignment to the radio channel. So far, there has 
been no occasion to enforce this limitation. The 
limitation of 12 min. was adopted instead of the usual 
6-min. limitation common in British telephone 
practise, for the reason that due to the relatively long 
talk periods on business of this kind, the 6-min. 
limitation would have resulted in interfering with too 
large a proportion of these communications. 
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One problem of interest involved in the transatlantic 
service was that of fixing rates which allowed of satis- 
factory expression either in terms of English pounds and 
shillings or in American dollars. For this purpose, 
four shillings were considered the equivalent of an Ameri- 
can dollar. The rate from London to New York, for 
example, is 15£ for three min. and 5£ for each additional 
minute. Our zone rate steps of $3 for the initial period 
and $1 for each additional minute were so set in order 
to allow of even dollar and even shilling quotations for 
thezonecharges. Forexample, the rate from Cleveland, 
(which is in our second zone), to London, is $78 
for 3 min. and $26 for each additional minute. The 
same rate quoted from London is 15£ 12s. for three min. 
and 5£ 4s. for each additional minute. Rate treatment 
of this kind was thought desirable, not only to allow 
of easy expression of rates in either English or American 
money, but also to avoid odd cents in our service 
charges. 

Another problem had to do with the fixing of the 
hours of service so that the service would be most 
valuable and usable, with due regard to the five hours 
difference in time between New York and London. 
At the time the service was opened, limitations on the 
use of the Rugby sending station for telephone trans- 
mission made it possible to keep the channel open only 
4Y$5 hours during the day. The hours from 8:30 a. m. 
to 1:00 p. m., New York time, which correspond with 
1:30 to 6 o'clock, London time, were adopted as allow- 
ing the maximum overlapping of the London and New 
York business day. Later, it became possible to extend 
the hours of operation so that now the service is avail- 
able 1015 hours—7:30 a. m. to 6 p. m., New York time, 
which is 12:30 to 11 p.m., London time. The fact 
that both London and New York are on a daylight 
saving schedule in the summer months has required 
some shifting of the hours of service as these time 
rearrangements are effected on the two sides of the 
water. 

The operating arrangements set up for the handling 
of this business provide traffic control operation at the 
New York and London long distance offices. "These 
offices have direct access to the radio channel via the 
radio stations at Rocky Point and Houlton and at 
Rugby and Cupar where technical operators have the 
transatlantie channel under constant supervision and 
control. The New York and London long distance 
offices have special equipment arrangements necessary 
for connecting the radio channel and the land lines. 
On ealls terminal at New York or London, the opera- 
tion is similar to that on other terminal calls. On 
calls involving points beyond New York and London, 
the New York and London operators assume control, 
holding the land lines in readiness for prompt connec- 
tion to the transatlantic channel, supervising the 
connection and fixing the amount of chargeable time, 
special measures being provided to protect the user 
from overcharges that might result from conversations 
being longer than otherwise necessary because of static 
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and other atmospheric disturbances. The operating 
method is set up to require a minimum of time on the 
transatlantic channel for passing calls back and forth 
and preparing connections. 

The personnel necessary to operate the trans- 
atlantic circuit is probably not generally appreciated. 
While two operators in London and two in New York 
can readily handle the calls themselves, there are six 
stations, three in each country, for operating and con- 
trolling the radio channel and from 35 to 40 men are 
needed for this work. This force could, of course, 
handle much more business than is now offered. 

Just as the experience with special long distance 
operating problems and with the development of long 
distance usage had been largely on this side of the water, 
so in the matter of international telephone arrange- 
ments the experience had been largely with the British 
Post Office. We have had connection with Canada for 
many years, but in none of our interchange of business 
with Canadian companies have we encountered the 
problems incident to European international communi- 
cation. On the other hand, the British Post Office 
has communication with many countries on the con- 


tinent and has played its part in the various European. 


conventions and conferences looking to the betterment 
ofi nternational telephone agreements and communica- 
tion in Europe. So their experience was particularly 
helpful in shaping up the contract arrangements. 
In general, the contract between the British Post Office 
and the American Telephone and Telegraph Company 
covers such matters as responsibilities of the two 
administrations, classes of service, rates, broader opera- 
ting provisions and settlement matters. 

Turning now to the question of the results which 
are being obtained in this transatlantic service. During 
the first year, something over 2300 connections were 
established. This is an average of about seven a day, if 
we include Saturdays, Sundays, and holidays, on which 
days as a general rule the flow of telephone traffic is 
relatively low. Usage is not very different east and 
west, something like 55 per cent. of the business having 
originated on this side. Some business from the other 
side is, of course, from traveling Americans. After the 
first two months, January and February, when the 
business amounted to about 250 messages a month 
and was affected largely by formal openings and curi- 
osity calls, the traffic fell off, and during the summer 
it was not more than half as great as it had been in the 
first two months. This may have been due partly to 
falling off in business activities and possibly also partly 
to the fact that more atmospheric difficulties are 
experienced during the summer and the service is then 
somewhat less dependable. As a matterof fact, there 
was less atmospheric difficulty than we had anticipated. 
Starting with September, the business hasshown a steady 
increase. On Christmas Day there were 44 messages. 

About half of the transatlantie calls are between 
New York and London. Over 70 per cent of them 
originate or terminate in New York City and the 
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remaining calls involve points scattered over the rest of 
the country. Considering the type of usage of this 
transatlantic service, nearly half of the calls appear to be 
of a social nature. As to calls for business purposes, 
banks and brokerage concerns account for the greatest 
use so far. 


In general, the quality of speech transmission has 
been more satisfactory than the preliminary tests 
indicated it would be possible to maintain throughout 
the year. The radio link is, of course, under careful 
observation throughout the service period and is not 
assigned for commercial use unless it appears that 
reasonably good communication will be obtained. 
Except for two summer months when atmospheric 
conditions made telephone communication impossible 
on an average of about two hours a day, the lost time due 
to static and other such troubles in the radio channel 
has been relatively small. 


Except for brief periods on individual days, the 
traffic volume has not been sufficiently high to result in 
any problem in providing a fairly prompt service. 
At times, and particularly during the summer months, 
individual calls have been delayed due to the fact that 
at the time they were offered, atmospheric conditions 
made it impossible to use the transatlantic channel. 
As the business develops, it will doubtless be necessary 
to adopt special measures for evening, the flow of 
business throughout the period that the transatlantic 
channel is open for service. At such time as traffic 
develops to a point where some artificial leveling of the 
load is required, we would expect this service to involve 
advance bookings and longer delays than we are accus- 
tomed to here in the United States in our internal 
services. Pending the availability of other trans- 
atlantic channels through the use of short wave lengths 
or otherwise, I do not believe that this type of service 
would necessarily be seriously objectionable or deter- 
rent to business development. As a matter of fact, a 
good many calls are not filed in advance. 


Difference in the English language as spoken in 
London and New York became evident as soon as our 
New York operators were placed in communication 
with the operators in London. Each group expressed 
some concern as to what the other was doing to their 
language. I believe the London operators were 
inclined to think the broken English spoken by the 
telephone operators in Holland was sometimes easier to: 
understand than New York City English. 


The self-confidence of Americans evidenced itself in 
the considerable number of calls filed for the nobility, 
cabinet ministers and other men in the public eve. The 
fact that most of these calls were accepted by the 
persons called indicated their willingness to play the 
game. Other evidences of this same confident attitude 
were the suggestions from individuals that they be given 
a free call so that we could capitalize on the publicity 
that they would put into their advertising. Others 
advised us after using the service that, for a 
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consideration, they would allow their names to be used 
in our publicity material. 

I have spoken of some of the operating problems 
in setting up the transatlantic service and of our 
experience in handling this service sinceitsinauguration 
about a year ago. The operating and service arrange- 
ments have worked out satisfactorily. "The service 
as a whole has been considerably better than we had 
anticipated. The volume of business is small but the 
business now being handled is in line with our general 
experience in the development of long distance usage. 
In a situation of this kind, full consideration should be 
given to the fact that, generally speaking, potential 
traffic volumes decrease with distance. Telephone 
service like the transatlantic is a new means of com- 
munication. It will not only take time for potential 
users to become convinced that satisfactory communi- 
cation can be carried on by telephone but time is 
required before they will break away from dependence 
on other means of communication such as the cables 
and mails with which they have had long experience 
and which may have appeared to meet their needs. 

The development of our transcontinental business is 
of interest as this route may be considered as close a 
parallel as we can find to the transatlantic situation. 
For several years after the opening of the transcon- 
tinental service, the business was small but it has since 
greatly increased. 

The transatlantic channel is a radio channel and 
this suggests a possible lack of privacy such as is ob- 
tained in ordinary telephone communication. Actually, 
the chances for conversations being picked up by persons 
to whom they would be of interest or value are rather 
remote, but this possibility has doubtless had some 
deterrent effect on the development of business. It is 
expected that these deterrent factors will be removed 
in the near future through the introduction of new 
equipment arrangements which will assure a high 
degree of privacy on these overseas conversations. 

Possibilities for growth must be present in a com- 
munication system at the terminals of which we have 
New York and London, the largest business centers in 
the world, both English speaking. On this side, the 
service has already been extended beyond the United 
States to Canada and Cuba, and will be extended to 
Mexico. On the other side the service has recently 
been extended beyond England, Wales, and Scotland 
to important cities in Belgium, Holland, Germany and 
Sweden. Further extensions are under consideration 
to other important continental cities between which 
and this country there is undoubtedly potential business. 
As the service is extended beyond Great Britain, a 
language problem appears. So far, about 5 per cent 
of the conversations are not in English. For the time 
being, we are relying upon the London operators for 
smoothing out language difficulties in establishing 
connections and the problem is, of course, not a new 
one to them. Weare planning, however, to set up an 
operating force here in New York which can communi- 
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cate in their own language with users who are not 
speaking in English. 

Not only from a technical viewpoint but in other 
respects we are gratified at the results of the first year’s 
operation of the transatlantic service and we look 
forward with confidence that this service will be, not 
only the quickest, but an essential factor in communi- 
cation between the old world and the new. 


HIGH-PRESSURE STEAM WINNING 
MANY VICTORIES 

Plenty of expectation has been current that operat- 
ing troubles would increase faster than a straight-line 
ratio using steam above 400-lb. pressure and 700 deg. 
total temperature. Through the eyes of ultra conserva- 
tives apparatus for these heavy duties has been regarded 
skeptically in not a few installations. However, 
evidence has been growing that the art has been per- 
manently advanced by raising pressures and tempera- 
tures, although the industry is still too much in the 
dark as to the economic justification of these new 
developments. 


George A. Orrok gave the recent Midwest Power Con- 
ference at Chicago a valuable paper upon operating 
experience with high-pressure and high-temperature 
steam, and his conclusions that there now appear to be 
no serious difficulties up to at least 2000 lb. are indeed 
significant with respect to the solution of the important 
physical and metallurgical problems concerned. Re- 
ports from a representative number of high-pressure 
installations declare that most of the anticipated 
troubles with equipment have been absent and that 
operating difficulties are on the whole no greater than 
with the ordinary 200-lb. stations. Most of the 
troubles reported pertain to minor though essential 
equipment, like gage glasses, fittings, glands, gaskets, 
and so forth, and have been well taken in hand. The 
boilermakers state their readiness to guarantee service 
up to 900 deg. fahr. when specified, and alloy steels 
for tubes, shells and castings are now available for 
more difficult operating conditions than have prevailed 
in the past. Operators report both thermal and 
commercial economy in the use of higher pressure, and 
this is borne out by repeat orders for similar apparatus, 
probably the best of all indications of success. 


The favorable results which have been coming to 
light in regard to the operation of high-pressure and 
high-temperature plants should be supplemented in 
the near future by the release of more over-all cost data 
and analyses. When these become more generally 
available, engineers will be in a still better position to 
determine the most economical pressure and tempera- 
ture to use in a particular case. Unless the economic 
factors in plant experience are liberally exposed to the 
analytical fire of the profession, progress will be slower 
than the splendid achievements of physical and chemical 
engineering in this field deserve.—Electrical World. 


Abridgment of 


Arc-Welded Structures and Bridges 


BY A. M. CANDY! 


Member, A. I. E. E. 


Synopsis.—The use of arc welding for constructing buildings, 
machinery, bridges, etc., has come into prominence during the 
past eighteen months, due to the merits of the process becoming 
recognized by a number of designers. Undoubtedly within the 
next few years the applications of the process will be extended 
rapidly as our available data are corroborated and amplified and 
as the limitations of the process become well defined. 

The arc welding process of joining steel members to produce a 
fabricated structure, either to replace riveting or to take the place 
of castings, will produce results not obtainable in any other way 
known at present. Among the advantages of arc welding are the 
following: 

1. The weight of materials required in a member or structure 
can be reduced by as much as 18 per cent. 

2. No material is removed from members for welded connections 
such as rivel holes for riveted construction. 


N the past when beams or columns were required of 
section greater than the largest commercial rolled 
shapes available, they were constructed of angles 

for flanges and stiffeners and a plate for a web as shown 
in Fig. 1. Today, by using the arc weld process, a 
similar beam can be made from plate material exclu- 
sively (See Fig. 2). The former girder weighs 798 lb., 
and carried a maximum central load of 68,900 lb. The 
latter weighed 18 per cent less, or 656 lb., and carried a 
maximum load 13 per cent greater, or 78,000 lb. The 
load deflection diagrams of these two girders are shown 
by Fig. 3, as 20 and 20-A, for riveted construction using 
angles and plates whereas 21 and 21-A are designed for 
welding using plate material only. This latter design 
was used for the large second floor girders in the Sharon 
arc welded building (Fig. 4). These occurred in pairs 
over the crane runway illustrated in Fig. 5. These 
girders weighed 9 tone each, whereas girders made of 
angles for flanges and stiffeners for riveted design had 
an estimated weight of 11 tons which shows 18 per cent 
saving. Since there are 22 of these girders in the build- 
ing, a total of 44 tons of steel is saved by the welded 
design. 

For the first arc welded girder type railroad bridge, 
this same construction is used for the main side girders, 
each weighing 6 tons, (Fig. 6). This bridge has a 
span of 53 ft. 9 in. and is 62 ft. 4 in. long over all, 
requiring 20 tons of steel. 

One of the advantages observed in the design and 
construction of this bridge was the ease of connecting 
the inside sketch stiffeners to the main girder webs 
and top faces of the floor beams as compared with the 
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8. The weight of connecting material in some cases can be 
reduced 50 per cent lo 90 per cent. 

4. Absolute fixation of one member to another can be easily 
and economically obtained. 

6. Continuity of members intersecling others can be readily 
obtained. 

6. Greater rigidity can be obtained in a structure. 

7. Overlapping members can be completely sealed by weld 
metal, thereby excluding moisture, preventing corrosion, and making 
a structure easier to paint. 

8. Changes in or addilions lo structures can be made with a 
great saving in both time and ezpense. 

9. More pleasing designs and in some cases, designs impossible 
by other processes, can be produced. 


10. The welding process is practically noiseless. 
$ $ $ * $ 


connection details which would be required for riveted 
construction. 

The weight of connecting material for welded joints 
is very much less than for equivalent riveted con- 
nections. For example, the 9-in. I-beam, (Fig. 7), 
required only two pounds of weld metal to attach it to 
the columns and it withstood a maximum central load 
of 67,200 lb. In the case of the specimen, Fig. 8, 
the connecting angles and rivets weighed 22 lb. and the 
specimen carried only a central load of 58,700 lb. or 
121% per cent less capacity with 11 times the weight of 
connecting material. 

The load deflection diagrams of these specimens 
are shown by Fig. 9 curves No. 8 and No. 9, 
respectively. 

These same specimens illustrate the fact that com- 
plete fixation of the 9-in. J-beam to the column was 
obtained in case of the welded specimen as all failure 
was due to buckling of the beam top flange and crippling 
of the web. In the case of the riveted specimen the first 
failure was the bending of the top angles followed by 
flange buckling and web crippling. 

The advantage of obtaining continuity of lines of 
beams or girders by welded connections lies in the fact 
that the designer can save weight in the structure. 
For example, in the 790-ton Sharon building, 51 tons of 
steel was saved by designing floor beams and header 
girders for continuity. The continuity of the girders 
through the columns was obtained by welding con- 
tinuity plates in the columns in line with the top flanges 
of the girders. That this construction will produce 
continuity is illustrated by Figs. 10 and 11, which 
show failure by crippling of the J-beam web without 
any sign of weld failure whereas if the plates in the 
column are omitted as per Fig. 12, the column web will 
fail as indicated. The loads in these cases being 70,000 
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lb. for the former and 53,400 lb. for the latter. The 
load deflection curves for Figs. 11 and 12 are shown by 
No. 2 and No. 4, respectively, of Fig. 13. 

The application of continuity and reduction of con- 
nection details for the design of the first arc welded 
truss-type railroad bridge Fig. 14 resulted in a saving 
of 33% per cent by weight in the steel required in 
the structure. The welded bridge involves 80 tons of 
steel whereas the riveted design requires 120 tons of 


Fic. 4—Larcest Arc-WELDED BuILDING PRODUCED To DATE 


Five stories and mezzanine floor 70 ft. by 220 ft. by 80 ft. high, 790 tonsof 
steel; saving 95 tons of steel since a riveted building of same design would 


Girder 15 ft. long, 14-15/16 in. deep, weight 798 lb. Four flange angles Tequire 885 tons of steel. Location, Sharon, Pa. 
4.by 3 by 5/16 in. 16 web stiffener angles 3 by 2 by 1/4 in. 12 filler 
plates 2-1/2 by 5/16 in. and two 5 by 5/16 in. Web plate 14 In. by 5/16 
in. Performance is shown in Fig. 3, curve No. 20. 


Fig. 1—RIVETED GIRDER 


Fic. 2—Arc-WELDED GIRDER 


Girder 15 ft. long. 14-3/4 in. deep, weight 656 lb. Two flange plates 
10in. by3/8in. 16 webstiffener plates3 by 1/4in. Web plate 14 by 5/16 
in. , Performance is shown in Fig. 3, curve No. 21. 
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Fic. 5—View Down CRANE Runway or 790-ToN 
ARC-WELDED BUILDING 


Showing 9-ton girders made up of plate material, only saving 2 tons of 
steel as each would require 11 tons of steel for riveted construction. 


LOAD IN THOUSAND LB. 
& 


0.8 0.16 020 0.24 | 
DEFLECTION IN INCHES 


Fic. 3—Loap-DEFLECTION CURVES or RIVETED AND WELDED 
GIRDERS SHOWN IN Fics. 1 AND 2 


Curve 20a is a specimen duplicating the riveted girder in Fig.1. Curve 
No. 19 is a specimen using identical material except that the connections 
were made with weld metal instead of rivets which reduced the weight of 
complete specimen to 785 lb. instead of 798 lb. Curve No. 21a is a speci- 
men similar to arc-welded girder shown in Fig. 2, except that 4 additional 
web stiffener plates were used and all stiffeners were made 4-1/2 in. wide; 
also a top cover plate 9 in. by 5/16 in. by 6 ft. long was added, making the Fig. 6—AÀLL Arc-WELDED RAILROAD BRIDGE or THROUGH- 
total weight 795 Ib. GIRDER TYPE 
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1581.51 


Fic. 7—Arc-WELDED BEAM 

Beam member is a 9 in. 21.8 1b. 7 ft-11-3/8 in. long welded at ends to 
10 in. H columns 49-1/2 Ib. per foot. Performance shown by Fig. 9 
curve No. 8. 


8—RIVETED BEAM 


Fic. 


Specimen same as shown in Fig. 6, except that beam is secured to column 
by 1/2 in. thick angles and 20 rivets 3/4 in. diameter. Performance shown 
by Fig. 9 curve No. 9. 
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Q—LoapbD-DEFLECTION CURVES OF BEAMS 
IN Fics. 7 AND 8 


Fia. 


Also Curve 7 shows a specimen similar to Fig. 7 except that seat angles 
D 4 in. by 3 in. by 3/8 in. by 5 in. long and top plates C 4 by 7/16 by 5 in. 
long were used as shown in sketch. 
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Fig. 1O—WELDED BEAM CONSTRUCTION 


Two cantilever 9 in. Bethlehem I-beams 20-1/2 lb. secured to 8 in. H 
column 32 lb. using seat angles 4 in. by 3 in. by 3/8 by 5 In. long, top reen- 
forcing plates 4 in. by 1/2 in. by 4-1/2 in. long. Continuity plates, 3 in 
by 5/8 in. by 6-5/8 in. long located in column, give the effect of making 
beams continuous through the column. Failure took place by crippling of 
beam webs. Performance shown in Fig. 13 Curve No. 2. 


Fic. 11—CLosE-UP or S»PEciMEN DuvPLIcATE or Fic. 11 
Shows stress lines on beam webs and no failure of welded connections. 
This specimen was coated with cement to accentuate the stress lines. 


Performance shown by Curve 2 of Fig. 13. 


19—SPECIMEN SIMILAR TO Fic. 11 Except CONTINUITY 
PLATES WERE OMITTED IN COLUMN 


Fia. 


As a result of omitting continuity plates the column web buckled. Per- 
formance shown in Fig. 13 Curve No. 4. 


steel. In the case of the welded design, the connection 
details are only about 5 per cent of the weight of the 
structure, whereas the connection details for the 
riveted design are about 30 per cent of the weight of the 
structure. 

Where corrections in, or additions to, existing struc- 
tures are to be made, the arc process will show tre- 
mendous savings, and as a result, much work of this 
type, such as the reenforcing of the Great Western Rail- 


April 1928 


"ap 


e 
ie T i 
/ rines 


5 
zi 


wan 


$ 


LOAD IN THOUSAND LB. 
& 


0.4 08 12 1.6 28 
DEFLECTION IN d 


Fig. 13—Loap-DEFLECTION CURVES or SPECIMENS IN 


Fias. 10 AND 12 


Also Curve 3 shows a specimen similar to Fig. 10 except that no seat ane 
gles or top reenforcing plates were used. 


EK TI 


Fig. 14—FinsT TRnuss-TyPE Arc-WELDED RAILROAD BRIDGE 


AT CHICOPEE FALLS, Mass. 


Welded bridge uses 80 tons of steel. 
120 tons of steel. 


Riveted bridge design specified 


Fig. 15—Two Bays BEING ADDED BY ARC WELDING TO A 


SMALL ARC-WELDED BUILDING 


Making structure 40 ft. by 100 ft. by 40 ft. to tops of columns. A saving 
of over 10 per cent was made compared with estimated riveted cost. 
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road Bridge, at Leavenworth, Kansas, over the Missouri 
River, has been performed recently. In this case, over 
110 tons of plate material, etc., were added to the struc- 
ture at a figure considerably below the riveting cost. 

In the case of the 3-bay welded building, Fig. 15, 
it was decided to add two bays. To do this, only a 
relatively small amount of outside masonry was re- 
moved to permit of the IE being done as illustrated 
by Fig. 16. 

The major saving in this class of work is in the 
elimination of drilling holes for rivets and tearing away 
masonry on the rear side of the members to permit 
backing up the rivets while being driven. 

Due to its many merits, such as lower costs, absence 
of noise, etc., the arc welding process will undoubtedly 
come into greater and greater use. The information 
which is accumulating from its use on relatively simple 
buildings will make it available in combination with 


Fia. 


Shows small amount of disturbance in masonry where members are added 
to an existing structure by arc welding. 


16—CLosE-vP View or ADDITION, Fra. 15 


riveting for larger and more complicated structures, and 
should lead eventually to the possibility of its use almost 
exclusively on the largest and most complicated struc- 
tures built of structural steel. 


Addressing the Electric Club of Toronto recently, 
A. E. Davidson, engineer of the transmission depart- 
ment of the Hydro-Electric Power Commission of 
Ontario, forecast the use of airplanes to patrol the 
230-mi., 220-kv. power line from the Gatineau Power 
Company's developments on the Gatineau River to 
Toronto, when construction of the line is completed. 
Much of the area through which the transmission line 
will run is rough and inaccessible, and inspection by air 
would be more rapid and more thorough. 


Abridgment of 


The Impedance Relay 


Developments and Application 


BY H. A. McLAUGHLIN! 


Associate, A. I. E. E. 


Synopsis.—T his paper reviews the developments made in the 
impedance relay since its introduction in 1923. A brief review is 
given of its construction and operation, with special emphasis 
on the methods of obtaining proper potential for the restraining 
elements without the use of high-voltage potential transformers. 
The use of potential from condenser-type bushings is discussed. 


INCE the impedance relay was first described in an 
Institute paper in 1923,? a large number of them 
has been applied to transmission systems both 

in this country and abroad. The increasing size and 
complexity of systems due to the many interconnections 
being made is responsible for the increasing use of this 
. relay. The use of the former methods involving over- 
current and directional relays is difficult in inter- 
connected systems having several generating stations, 
some of which may operate only a part of the time. In 
systems of this sort, the changes in direction and magni- 
tude of the fault current may ruin entirely the selective 
current and time settings used with over-current and 
directional relays. The former protective schemes also 
become undesirable even on systems comparatively 
simple but having a number of stations in series. This 
is due to the fact that the relays have to be given graded 
time settings, which are a minimum at the end of the 
loop or line and which increase at each station as the 
generating station is approached, with the result that 
the most severe faults, (those occurring near the gen- 
erating stations), are left on the system sometimes for 
several seconds. With high standards of service to 
be maintained, such a condition is most undesirable. 

During the past few years, a great many improve- 
ments in the relays have been made, greatly widening 
its field of application. Some of these improvements 
have been described before, but for the sake of com- 
pleteness, they will be mentioned in this paper. Much 
experience has been gained in the application. The 
difficult and important problems of obtaining the nec- 
essary potential for these relays has received a con- 
siderable amount of attention. 


1. Both of the Westinghouse Electric and Manufacturing 
Company. | 

2. L. N. Criehton, The Distance Relay for Automatically 
Sectionalizing Electrical Networks, A. I. E. E. JL., August, 
1923, Vol. 42, p. 793. 

3. “Developments in the Impedance Type Relay." Electric 
Journal, Feb. 1927, J. V. Breisky and H. A. MeLaughlin. 

Presented at the Regional Meeting of the A. I. E. E., St. Louis, 
Mo., March 7-9, 1928. Complete copies upon request. 
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To make possible the use of low-voltage potential, methods of com- 
pensating for the voltage drop through power transformers and for 
the shifting of the secondary neutral point have been developed. 
These methods are described. Some special applications of the relay 


are also discussed. 
* x * * X 


CONSTRUCTION AND OPERATION 
The impedance relay is quite similar in appearance to 
the well-known induction disk over-current relay except 
that a voltage actuated restraining element has been 
added. The restraining element acts directly on the 
contact mechanism and is connected to the over- 
current element through a lever arm and spring. Fig. 1 


Fig. 1—IwPEDANCE RELAY SHOWING DETAILS OF CON- 
STRUCTION AND DIRECTIONAL ELEMENT MOUNTED IN THB 
LowER PART or THE RELAY 


shows the mechanical features of the relay. When 
the current in the over-current winding exceeds a pre- 
determinal value, the disk is caused to rotate. This 
disk is damped by a permanent magnet so that its 
speed is approximately proportional to the magnitude 
of the current. The rotation of the disk winds up the 
spring, one end of which is fastened to a countershaft 
geared to the disk shaft. A rocker arm pivoted at its 
center and mounted directly above the disk is con- 
nected to the other end of the spring by means of a 
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lever arm. The rocker arm has the moving contact on 
one end, and suspended on the other end, the core 
of the restraining element. The pull of the voltage 
coil, which opposes the closing of the contacts, is 
directly proportional to the applied voltage. For any 
given applied voltage, the spring must be wound a 
definite amount before it will overcome the restraint 
and close the contacts. The speed with which the 
spring is wound to this definite amount is dependent 
upon the magnitude of the current; and since the 
restraint is directly proportional to the voltage, the time 
of operation is proportional to the impedance. Then, 
by properly setting the relays, selective operation may 
be obtained whereby the relays nearest the fault will act 
before any others. The time of operation, also, will be 
nearly independent of current so that this action will not 
depend upon the operating conditions as long as the 
operating point of the relay is exceeded. 


It will be noticed that where protection against both ` 


line-to-line and line-to-ground faults is desired, it is 
necessary to use two relays per phase, one restrained by 
a delta voltage and one by a star voltage. This is 
mecessary since, by a fault, either one of these voltages 
may be reduced toa very low value without reducing 
the other more than approximately 50 per cent. 
For use in special cases where space is restricted, a 
duplex relay has been developed which combines in 
one unit two restraining elements operating on the same 
overcurrent element. 

The ordinary directional element may also be com- 
bined with the impedance element to give a relay which 
will operate to trip its breaker when the current flow is 
in a predetermined direction. This directional element 
is shown in the relay in Fig. 1. 


ADJUSTMENTS 


There are two adjustments available for setting this 
relay, a current and a voltage adjustment. 
current taps are similar to those on the usual over- 
current induction relay. Adjustment is made by 
changing the position of a set screw in a connector block, 
thus changing the number of turns on the main coil. 
This fixes the minimum current at which the relay 
will operate, and is determined mainly from a considera- 
tion of the minimum short-circuit current existent with 
a fault on the system. The voltage adjustment con- 
sists of inserting resistance in series with the restraining 
coil in order to cut down the voltage actually applied 
to the coil. These two adjustments used in conjunction 
make it possible to set the relay to operate in a short 
time irrespective of the impedance of the line to be 
protected. 

In the original relay, resistors were included in the 
relay case, with three voltage taps, similar to the current 
taps. It was soon found, however, that the range pro- 
vided by these three voltage taps was insufficient, 
especially since the current adjustment must be made 
in such a way that the minimum short-circuit current 
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gives a relay current of at least 200 per cent tap value. 


This requirement often necessitates the use of the four- 


or five-ampere tap, leaving it entirely to the voltage taps 
to obtain the proper adjustment for a-line of high or low 
impedance. 

THE EXTERNAL RESISTOR 


In order to get a range of voltage taps wide enough 
to cover all conditions encountered, an adjustable re- 
sistance unit known as the external resistor was 
designed to be used in conjunction with the relay. By 
the use of this resistor and the increased number of 
current taps made possible by the removal of the 
voltage taps from the relay case, very accurate settings 
may be obtained with lines of various lengths and a 
wide range of short-circuit currents. 


DIRECTIONAL CONTROL 


One of the most recent improvements precludes the 
possibility of this relay operating incorrectly on account 
of sudden reversals of power flow, or a surge of syn- 
chronizing power set up in a system when a faulty line 
is disconnected by other relays on the system. The 
operation of the impedance element is controlled by 


"va IN fei Col 
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Fig. 6—ScHEMATIC DIAGRAM OF IMPEDANCE RELAY SHOWING 
DIRECTIONAL CONTROL OF IMPEDANCE ELEMENT 


that of the directional element; in other words, the 
direction of power flow must be in the correct direction 
for tripping and must remain so for a sufficiently long 
time for the impedance element to complete its opera- 
tion before it can close its contacts. Thus it will be 
seen that the relay cannot be operated by sudden 
reversals of power such as will occur during the readjust- 
ment of a system when a fault is cleared. It will be 
noticed that even though these surges should be of 
considerable magnitude and duration, the restraining 
action of the impedance voltage immediately becomes 
predominant after the removal of a fault from the 
system. 

This improvement was accomplished by connecting 
the directional contacts in the secondary and upper- 
pole circuit of the impedance element current electro- 
magnet, making it necessary for these contacts to be 
closed before the impedance element disk can commence 
to rotate. In order to make this change feasible it was 
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necessary to redesign the secondary winding, so that a 
sufficiently small current and a high enough voltage 
would be obtained to prevent any error due to contact 
resistance. The fact that the directional contacts 
must close before the impedance element can start 
to function makes it possible to set them very close 
without danger of an incorrect operation due to re- 
bound or jarring. How the directional control is 
obtained is shown in Fig. 6, the schematic diagram of a 
relay. 


VOLTAGE AND CURRENT REQUIREMENTS 


In order that under fault conditions, the impedance 
measuring element at a station shall determine its 
tripping time according to the impedance of the in- 
tervening line between the station high-voltage bus and 
the fault, it is necessary that this element be supplied 
with the following quantities: | 

a. Current proportional to the line current. 

b. Voltage proportional to the line voltage at the 
station. 

1. Voltage between conductor and ground—for 
phase-to-ground fault protection. 

2. Voltage between conductors—for interconductor 
fault protection. 

Current transformers of the dry type, oil-insulated 
wound-type, or bushing-type satisfy the demands for 
current correctly representative of conductor current, 
and their application will not be discussed further here. 

Sources of Voltage. At stations transmitting at 
generated voltage, there is but one source to be con- 
sidered,—the transmission line itself. 

At stations transmitting at other than generated 
voltage and at transformer substations there are 
obviously two main sources of voltage: (a) The high- 
tension bus, (b) The low-voltage bus. 

The use of high-voltage potential transformers 
generally insures the delivery to the impedance relays 
of voltages correct in every respect. On very high- 
voltage lines, the cost of high-voltage potential trans- 
formers becomes prohibitive and in such cases, other 
methods by which correct voltage may be obtained 
become economical. The direct use of low-voltage 
potential transformers will give, in many cases, incorrect 
operation. The reasons for this will be pointed out 
presently. 

Potential from Condenser Bushings. Recently, a 
method of obtaining potential from condenser-type 
bushings, (used in circuit-breakers and transformers), 
has been developed for synchronizing,‘ which also can 
be used on extra high-voltage systems for relaying if the 
volt-ampere burden is sufficiently low. "Thus, in gen- 
eral, a voltage of sufficient accuracy for relay work will 
be obtained. Since the phase position and not the 
magnitude of the voltage required for the directional 


4. E. E. Spraeklen, D. E. Marshall and P. O. Langguth, 
The Use of Condenser-Type Bushings in Connection with Syn- 
chronizing Equipment, 1928 Winter Convention, A. I. E. E. 
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element is of importance, it may be advantageous in 
certain cases to reduce the burden on the condenser 
bushings by connecting only the restraining elements 
to them and obtaining the directional element potential 
from the low-voltage bus. 

Use of Potential from the Low-Voltage Bus. Under 
certain conditions, the potential may be taken from the 
low-voltage bus in a transformer station and directly 
applied to the relay. Generally, however, correct 
operation will not result. To take care of these cases, 
two systems of compensation have been developed 
which will allow the use of low-voltage potential where 
this is more economical than using high-voltage poten- 
tial transformers. 'The first of these compensating 
schemes was suggested by several people. The second 
is the result of S. L. Goldsborough's work. Mr. 
Goldsborough also did the development work on both 
types. 

TYPE KX COMPENSATOR 

Basic Principle. In principle, the type KX com- 
pensator is similar to the line-drop compensator com- 
monly in use on feeder regulator installations. The 


Fig. 9—ELEMBNTARY DiAGRAM OF Type KX COMPENSATOR 
APPLIED TO A SINGLE T'wo-WiNDING PowER TRANSFORMER 


KX compensator delivers at its two output terminals a 
voltage adjustable in phase position and magnitude 
with respect to the current supplied to its two input 
terminals. By means of four dials, coarse and fine 
adjustment of both in-phase and quadrature voltages 
are made available, the dial setting being rated in volts 
for a primary or input current of five amperes. For 
the purpose of illustration, a KX compensator is shown 
(Fig. 9) as functioning to compensate for the drop over 
a single two-winding power transformer. 

The uncompensated voltage delivered at the instru- 
ment side of the potential transformer does not bear a 
constant relation to the voltage on the high-tension side 
of the power transformer, being higher or lower than its 
normal ratio depending upon the direction of power flow 
through the power transformer. The extent to which 
it deviates from its proper value is a function of the 
transformer impedance and of the magnitude of the 
current flowing through the power transformer winding. 

The KX compensator is shown being supplied with 
current at its input terminals proportional to the power 
transformer current. 

When the compensator dials have been set according 


April 1928 


to the resistance and reactance of the power trans- 
former, the voltage component representing the drop 
over the power transformer is accounted for; and a 
final compensated voltage is made available, satisfac- 
tory for use on the impedance relay restraining element, 
since it bears a constant relation to the high-voltages 
and is independent of direction of power flow. 

Typical  Three-Phase Application—Two-Winding 
Transformers. 'The application of type KX compensa- 
tor to a star-delta bank of power transformers with 
high-voltage star neutral grounded is shown in Fig. 10. 


High Tension Star 


Low Tension Delta Type kx Compensators 


a =T 
TA 


Restraining Element Cir 


em 
of 125volt line ana 7Üvolt 
ground Impedance rela > 6 


Fic. 10—CoNNEcTIoN DIAGRAM SHOWING APPLICATION OF 
Type KX CoMPENSATIONS TO A STAR-DELTA CONNECTED 
TRANSFORMER STATION, WITH NEUTRAL GROUNDED, EMPLOYING 
Low-VoOLTAGE POTENTIAL TRANSFORMERS 


Noy, 
QO 


Three compensators are shown, each one serving to 
compensate for the interwinding impedance of one 
transformer in the bank. 

With the arrangement as shown, compensation is 
correct for both interconductor faults and conductor- 
to-ground faults, the particular relay or relays actively 
concerned with clearing the fault being supplied with 
voltages correctly representative of the conditions on 
the faulted high-voltage side. 


THE KY COMPENSATOR 


The KY type compensator has been designed to 
nullify the effect of the shift in the neutral, which takes 
place on the ungrounded star high-voltage side of the 
power transformer bank at a substation on a grounded 
system, thereby permitting the use of low-tension po- 
tential transformers at such stations. 

In principle the KY compensator is similar to the 
KX compensator, except that it is a potential device. 
The KY compensator delivers at its two output 
terminals a voltage which for the general setting is 
19.3 per cent of, and in quadrature to, the voltage 
impressed across its two input terminals. 

When three such devices are connected as shown in 
part a of Fig. 11, (in which the potential transformers 
secondaries are the same as those shown in Fig. 8 
part a), the undesirable voltage a, o shown in the last 
vector diagram of part c of Fig. 8 (and shown on a 
larger scale in Fig. 11 part b), is completely nullified, 
resulting in zero voltage being delivered to the relay as 
is correct for the particular fault described. The 
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voltage Pa, Ta combining with the voltage a, o produces 
voltage Ta, o (zero volts), which is correctly representa- 
tive of the actual faulted conductor voltage above 
ground at the time of the assumed dead fault-to-ground. 

For ground faults which do not result in zero voltage 
at the point of fault it can be shown that the KY com- 
pensators still function correctly, in that the voltage 
delivered to the active relay bears the same ratio to 
the voltage it is to represent as it does under normal 
operating conditions. Normally, when using type KY 
compensators, the restraining elements of the impe- 
dance ground relays receive a voltage equal to two- 
thirds of the full star voltage. The fact that the above 
mentioned ratio is the same under all fault conditions 
permits correct operation to take place, the existence of 
the two-thirds ratio being taken into account in setting 
the impedance ground relays when associated with 
type KY compensators. 


SPECIAL APPLICATIONS 


On some grounded neutral systems, the current caused 
by an accidental ground may vary over wide ranges, due 
either to operating or soil conditions. The use of 
impedance ground relays, in conjunction with a direc- 
tional ground relay operating on residual current and 
voltage, which can be made sensitive since it is indepen- 
dent of load current, offers the advantage of providing 
fast clearing of heavy grounds by the impedance relays 
and the slower, but still selective clearing of the low- 
current faults by the more sensitive residual directional 
relays having graded time settings. 

In some systems, due to the long lines and the small 
amount of generating capacity on the system during 


C 
Restraming Element Circuit 
of Impedance Ground Relays 
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11—PaART a. 
CATION OF Type KY CoMPENSATORS. 
CONTINUATION OF PART G or Fia. 8 


Part b. VectToR DIAGRAM SHOWING THE UNCOMPENSATED 
AND THE COMPENSATED VOLTAGE VECTORS 


certain periods, the minimum short-circuit current 
may be less than the maximum full-load current. For 
use on such systems, an impedance relay having low- 
current taps (used in conjunction with a fault detector), 
has been developed. Under normal conditions, the 
impedance relay is kept deenergized. On the occur- 
rence of a fault, the fault detector makes the impedance 
relay operative and it tends to operate the breaker in 
accordance with the distance from the fault. The 
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fault detector is responsive to an overcurrent or an 
undervoltage of predetermined values, all faults being 
accompanied by one or the other of these conditions. 


CONCLUSIONS 


The impedance relay, while it is relatively new in the 
field of protective relays, is already being used quite 
extensively both in this country and abroad. Because 
of the impossibility of obtaining satisfactory results 
with overcurrent and directional relays in many cases, 
and the objectionable time delays involved even when 
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selectivity can be obtained, the impedance relay is 
receiving more and more consideration. This is a 
step in the right direction since the impedance principle 
involves a relay independent of system conditions and 
dependent on direction of current flow for its operation, 
and on distance from the fault for its time. Many 
improvements and developments have been made as 
the result of operating experience, which also has re- 
sulted in a better understanding of its operation on the 
part of operating engineers, many of whom now use the 
impedance relay as their standard type of protection. 


Abridgment of 


Interconnection and Power Development 


in Chicago and the Middle West 
BY H. B. GEAR: 


Fellow, A. I. E. E. 


Synopsis.—The development of power stations in the Chicago 
District is described, showing how small stations have been replaced, 
and the energy supply for light, power, and traction consolidated by 
the use of high-voltage lines. 

T'he interconnectiona between stations and the developments of recent 
years and for theimmediate future are outlined. Thisincludes cables 


T development of power producing equipment for 
the supply of electrical energy in utility service 
during the past quarter of a century has been 
greatly influenced by the development of electrical 
transmission of energy which has accompanied it. 

The ability to send energy economically from a 
principal point of production to numerous points of 
distribution was the prime factor in a period of develop- 
ment in which many small pioneer stations were 
replaced by a few larger power stations, with a consid- 
erable gain in economy of construction and operation. 


DEVELOPMENT OF INTERCONNECTION 


The use of interstation tie-lines has been in general 
practise since power station development reached a 
point where two stations under the same management 
were located in such proximity as to make intercon- 
nection practicable. | | 

such interstation lines were operated at the voltage 
of the generator. Later, the voltage used for trans- 
mission of the supply of energy to substations was more 
often employed. 

Interconnections of this type were of relatively 
small capacity until the size of generator units became 
such that an excessive number of circuits was re- 
quired to provide an adequate reserve for the larger 
units. | 

l. Asst. to Vice-Pres. Commonwealth Edison Co. 
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at 66,000 and 132,000 volts, with circuit capacities of 60,000 kv-a. 
A station in Central Illinois, near the coal supply, 18 being tied 
in with the Chicago District. 
Interchange of energy between companies 1s conducted under an 
agreement, which is an important factor in the success of inter- 
connection. Some of the operating problems are outlined briefly. 


In the Chicago District such interconnections were 
established between the Fisk Street and Northwest 
Stations, a distance of about eight miles, at 12,000 
volts. 


Other interconnections were made between stations 
is suburban districts at 33,000 volts, with overhead 
lines forming a part of the general transmission system. 

These interstation lines were, however, of minor 
Importance when compared with the transmission 
capacities necessitated by the rapid growth of the past 
10 years. 


The Calumet Station was located at South Chicago, 
13 mi. southeast of the Fisk Street Station, to provide 
a supply of energy for the great industrial district in 
that section of Illinois and Indiana. However, the 
unexpectedly rapid development of load made it 
necessary to transmit a considerable part of the energy 
produced there to the Fisk Street zone. This called 
for a group of lines having a capacity of the order of 
100,000 kv-a., and, since these must be underground 
cables, it was very desirable that the capacity of in- 
dividual cable units be as great as it was practicable to 
secure at that time from manufacturers of cables. 

This was accomplished by the selection of a 33,000- 
volt, three-conductor cable unit, having a capacity of 
15,000 kv-a., and these cables became the first link in a 
chain of interstation lines of high capacity, which have 
been installed since 1921 between all of the principal 
generating stations in the Chicago District. 
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From Northwest Station a 33,000-volt cable of 
foreign manufacture was laid northward to Evanston 
to interconnect with 33,000-volt overhead lines of the 
Public Service Company of Northern Illinois. This 
formed an interconnection between Northwest Station 
and the Waukegan Station, some 30 mi. north of the 
Chicago city limits, and this cable has continued to 
operate at 33,000 volts without serious trouble. 

In 1924 the first of a system of steel tower lines on 
private right-of-way, operated at 132,000 volts, was 
constructed from Calumet Station to the Joliet Station, 
and to the Gary steel making district in Northern 
Indiana. A little later this was extended to Michigan 
City, some 50 mi. east of the Chicago city limits. 

Following the extension of this line to Michigan City, 
a connection was completed from that point to the Twin 
Branch Station of the Indiana and Michigan Electric 
Company, near South Bend, Indiana. 

From Twin Branch, other lines extend east to Ohio, 
and thence to West Virginia and Pennsylvania. It was 
through this interconnection that the paralleling of a 
group of systems reaching eastward to Massachusetts 
was accomplished (for a few minutes) some months ago. 

Continuous parallel operation of the Chicago District 
with the Ohio system is fairly stable when more than 
10,000 kv-a. is being transferred from one system to the 
other. 


More recently, parallel operation was carried on for 
over an hour with the Ohio system, while it was tied in 
with lines extending through West Virginia, Tennessee, 
and Georgia to Pensacola, Florida. The fluctuations 
were not greater at the Chicago end than under normal 
operation with the Ohio system only. 


Sufficient experience has been had to make it apparent 
that when the weaker links have been increased to be 
comparable with the stronger, these systems can be 
operated in parallel successfully for such periods of time 
as may be necessary to meet the needs of operation 
during emergency transfers of energy. 


CURRENT DEVELOPMENTS 


In view of the rapid absorption of the ultimate capac- 
ity available at the Crawford Avenue site, where six 
of the 10 ultimate units will have been installed within 
five years, sites have been acquired at points on the 
shore of Lake Michigan for future power development. 
(Fig. 3). 

The first of these to be developed was Waukegan, 40 
mi. north of the center of Chicago, and about midway 
between Chicago and Milwaukee, where three units, 
aggregating 110,000 kw., are now in service. 


This station is connected to Chicago by a 132,000- 
volt line, with a capacity of 60,000 kv-a., which is over- 
head from Waukegan to the Chicago city limits; thence 
to Northwest Station it is underground. This six-mile 
link of 132,000-volt cable is one of two pioneer installa- 
tions put into service in 1927, the other being in the city 
of New York. 
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There is also a 132,000-volt overhead line, from 
Waukegan to Milwaukee, which acts as a reserve to the 
systems at either end. 

Power developed at this site is used as needed in the 
neighboring territory and the northern part of the 
Chicago system, where the load exceeds the capacity 
of the Northwest Station. 

Another site on Lake Michigan is at the Indiana- 
Illinois state line, on the Indiana side. The city of 
Chicago adjoins this property on the westerly side. 

The first unit of this state line station is under way 
and is to consist of a three-part unit, with high- andlow- 
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pressure elements so arranged as to be the operating 
equivalent of two units, aggregating 208,000-kw. 
capacity. This site will permit the installation of five 
units of this capacity, or a total in excess of 1,000,000 
kv-a. The first unit is planned to go into service in 
1929. 

This station will be unique in the Chicago District, in 
that all of its energy will be transformed to higher 
voltages and sent to other zones for distribution and 
utilization. 

Energy sent into Chicago will be carried by under- 
ground cables having a capacity of 60,000 kv-a. per 
circuit at 66,000 volts. 

Energy sent into the outlying territory will be carried 
by overhead lines at 132,000 volts, and to the neighbor- 
ing cities of Hammond and East Chicago at 33,000 volts. 

Within the city of Chicago, the use of 66,000-volt 
cables for transfer of large blocks of energy between 
stations was adopted in 1926, and several such lines have 
been in satisfactory service for more than a year be- 
tween Crawford Avenue Station and the Fisk Street 
and Northwest Stations. 
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A new type of distribution center, receiving energy at 
66,000 volts and distributing it at 12,000 volts in blocks 
of 4000 to 8000 kv-a., has been developed as a means of 
decentralizing the amounts of energy concentrated at 
generating stations on 12,000-volt busses. 

These distribution centers will have an initial trans- 
former capacity of 120,000 kv-a., and will distribute 
ultimately, about 200,000 kv-a. each. Being located 
midway between generating stations, they will effect 
economies in 12,000-volt cable which will offset other 
costs and result in a net saving in investment. 

The first of these distribution centers to be known as 
Washington Park will come into service in 1928, and 
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will be located midway between the Fisk Street and 
Calumet Stations on the south side of the city. 

In Chicago and vicinity, the interchange of energy 
between power stations for the winter of 1928-9 at the 
peak hour is graphically depicted in Fig. 4. 

In this chart, the load in the station zone is indicated 
by the shaded portions. Where the zone load is greater 
than the station capacity, the overload is indicated by 
cross-hatching. The area of the circles is proportionate 
to the capacity of the respective stations. 

Rights-of-way have been secured for overhead lines 
at 132,000 volts, connecting Joliet with Crawford 
Avenue Station, and for an outer belt line between 
Joliet and Waukegan, to be constructed as load con- 
ditions may make their installation advantageous. 

Much discussion and calculation has centered about 
the idea that energy should be produced at points near 
to coal mines, and sent thence by high-voltage lines to 
the electricity market, instead of sending the fuel to 
stations located in the districts where the electrical 
energy 1s produced. 

In the Chicago District, the major part of the fuel 
supply is brought from mines 200 mi. or more distant, 
and the problem of delivering hundreds of thousands 
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of kw. of energy by overhead transmission lines at such 
distances is by no means simple. 

Coupled -with that problem is the one of finding a 
place where a supply of water for condensing purposes 
is present, as well as a supply of coal. 

In Central Illinois, a location has been found which 
approximates this combination. 

A site has been chosen on the Illinois River, about 14 
mi. southwest of Peoria and some 70 mi. northwest of 
the coal fields, from which the major supply of coal 
used in Chicago power stations is taken. A direct 
railroad connection from mines to this site has been 
provided. ° 

This site has been named “‘Powerton,” and is now 
being developed for two units of .55,000 kw. each, 
the first of which will go into service in the fall of 1928. 
(Fig. 5). 

The development of an economical station in this 
locality not only provides for future growth in this 
part of Illinois, but will effect large savings in fuel and 
operation cost, by producing energy now generated in 
smaller and, for the most part, much less efficient 
stations. Most of these stations. will be shut down, 
except for the peak-hour shift. 
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Fig. 5—Powerton District, 1928 


The energy delivered to the cities north and east of 
Powerton will be transmitted by overhead lines at 
132,000 volts. 

Nearby cities will be supplied by connecting into the 
33,000-volt system of lines now used for bulk supply 
in that part of the state, and through an overhead, 
66,000-volt system to Springfield and cities easterly 
therefrom. 

BASIS OF OPERATION 

The use of reserve generating capacity and low-cost 
energy to the fullest practical extent is facilitated in 
the Chicago District by the provisions of a three- 
party interchange energy agreement, which pools 
reserve capacity and permits the flow of energy to 
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neighboring zones whenever the load in the immediate 
zone permits; or when the energy so transferred costs 
less than that produced in the neighboring zone. 

The difference between the total capacity in the pool 
and the coincident maximum load of the three systems 
is taken as the group reserve. 

The percentage of group reserve is taken as the 
standard and any company having a reserve percentage 
higher than the group percentage is compensated for 
the carrying charges on its excess station capacity, by 
the other company or companies whose percentage 
of reserve is less than that of the group. This permits 
the smaller companies to install larger units than would 
be possible if only the requirements of their individual 
systems were to be met, and thus gives them capacity 
for future growth at a lower investment cost, with 
higher operating efficiency. 

A subcommittee of load dispatchers, meets weekly 
to arrange operating schedules for the transfer of energy 
from the more efficient stations to other zones at off- 
peak hr., to arrange a coordinated program of turbine 
outages for overhauling purposes, and, in emergencies, 
to confer by telephone and arrange relief where it may 
be required. 

The conditions, as they existed in one of the summer 
months of 1927, will serve to illustrate the way in which 
the interchange energy agreement is accomplishing 
the result contemplated by the parties thereto. 


Company A B C Total kw. 
System maximum....... 864,300 139,800 44,700 1,041.000 
Reserve capacity, kw..... 101,245 97,980 2,075 201,300 
Reserve quota (19°%)..... 165,875 26,240 8,585 201,300 
Excess and *Deflciencies.! *64,630 71,740 *6,510 


Company “A” paid Company “B” for 64,630 kw. of 
reserve capacity, and Company “C” paid Company 
"B" for 6510 kw. of reserve capacity. Thus, Company 
"^B" was reimbursed for an excess of 71,740 kw. in its 
reserve capacity. 

During the same month, Company “A” delivered to 
Company “B” 9,135,000 kw-hr., Company “B” de- 
livered to Company “A” (in other zones) 16,936,000 
kw-hr., and Company “A” delivered to Company 
"C" 9,172,000 kw-hr. 

Of the total of 35,243,000 kw-hr. thus transferred, 
about 19,000,000 kw-hr. were delivered at off-peak 
hour, and resulted in a saving in fuel consumed of about 
$19,000.00 in that month. 


SUMMARY OF RESULTS 


The interconnection of power stations by lines of 
relatively large capacity has resulted as follows: 

a. The size of generating units is increased, while the 
total capacity and reserve for the district is decreased; 

b. The investment per kw. of capacity in generating 
stations and the total investment is decreased; 

c. The consumption of fuel is reduced by ability to 
give the more economical units the “base load" of an 
entire district; 
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d. The reliability of service is enhanced by increased 
availability of the capacity and reserve in generating 
units, during emergencies and routine operating work, 
such as overhauling and repairing equipment. 


PROBLEMS OF INTERCONNECTION 
It has been apparent, from the foregoing recital of 


. experience with plants in the Chicago District, that 


there are some problems which require solution before 
an interconnected group may realize the advantages 
sought. These problems relate, chiefly, to the ability 
to eontrol the division of energy between neighboring 
stations and to make delivery continuously when oc- 
casion requires. 


The experience had thus far in the Chicago District 
indicates that these problems lie outside of the generat- 
ing equipment almost entirely, and relate to the size, 
voltage, length and other characteristics of the inter- 
connecting lines. 

When line capacity is high, and lengths are short in 
proportion to the voltage of transmission, the transfer 
of energy between stations is readily accomplished by 
governor control of the generating units. 


When lines are relatively long and have a capacity 
which is approached by the normal surges of synchro- 
nizing energy, which flow between the two sources of 
power, there is instability of operation, and lack of 
continuity is likely to result. 

The presence of several successive transformations 
and is, thus, equivalent to an increase in length. More 
than two transformations (one each way) are to be 
avoided in such lines, if possible. 

In longer lines and in lines where the direction of 
flow of energy is at different times in opposite directions, 
it is often necessary that means of voltage control be 
provided. "These are required to permit the receiving 
station to operate its bus at a voltage level suited to the 
requirements of the circuits supplying energy within 
its own area of distribution. 

Transformers with tap changers, adjustable under load, 
are findinga field of usefu lapplication in such situ ations. 

At the higher voltages the use of synchronous con- 
densers for voltage control are often found desirable 
through the ability to regulate the power factor of the 
system secured thereby. 


CONCLUSION 


In conclusion, it has been shown that interconnection 
and power development have already been well co- 
ordinated in some of the large centers of population. 

The coordination of major points of power production 
by interconnections in a group of states is under way. 

The next decade will see a continuing development 
of large power stations, joined by lines of high-voltage 
of great capacity, coordinating the supply of energy 
to great areas, as it has been done in metropolitan 
centers of population. 


Heat Losses in 
BY W. V. LYON: 


Associate, A. I. E. E. 


E. WAYNE: 


Synopsis.— Without doubt, it 1s generally believed that there are 
extra losses in the armature coil of a d-c. machine when it is under- 
going commutation, but that during the major portion of the time, 
since the current is steady, the loss in the coil 18 correctly computed 
by squaring the value of the current and multiplying by the true or 
ohmic resistance of the coil. This view, however, is not correct. 


PART I 


LTHOUGH there have been excellent papers‘ 

on this problem of the armature copper loss in a 

d-c. machine, so far as the authors are aware, it 

has received no serious consideration in this country 
and it is not generally realized that the time-honored 
method of computing the armature copper loss does not 
give a correct value of the loss. Error may range 
from 10 or 20 per cent in a small machine to several 
hundred per cent in a large and poorly designed one. 
Thus the determination of this loss and the factors 
which influence it are matters of prime importance. 
Due to the process of commutation, the current in the 
armature coil of a d-c. machine is an alternating one 
which has a fundamental, and various harmonic com- 
ponents. The problem of an armature coil that carries 
a sinusoidal current has been investigated by several 
writers since Field‘ first published his solution of the 
problem. "The experimental results$ which have since 
been obtained agree so closely with the computations 
that we are warranted in extending the application of 
the theory to this problem of the heat losses in the con- 
ductors of a d-c. armature when not only the fun- 
damental but all of the harmonie components are 
present in the current. Due to the fact that the losses 
produced by the higher harmonies in the current 
increase about as the square root of the frequency, 
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The disturbance in the coil current produced by the process of commu- 
tation persists throughout the cycle so that at no time 1s the current 


' uniformly distributed over the cross-section of the conductor. Al- 


though the disturbance and resulting extra loss factor are greatest 
during commutation, the extra losses are present at all times, even 
while the current in the coil 1s steady. 


the extra loss factor for a d-c. armature is greater than 
the extra loss factor for an a-c. armature under the same 
conditions of speed, poles, size and arrangement of the 
armature conductors. Laminated conductors are in- 
dispensable in the design of a-c. generators, but it is 
even more important to laminate and properly arrange 
the armature conductors of a d-c. machine. 

One phase of the present investigation was to compare 
the observed and computed results when the current 
in an embedded coil (Fig. 1) is commutated so that it 


Fic. 1—GENERAL ARRANGEMENT OF COIL AND EXPLORING 


WIRE 


varies as does the current in the armature coil of a d-c. 
generator. A typical curve showing the time variation 
of the current is shown in Fig. 2. The coil shown in 
Fig. 1 consisted of 51 turns of copper ribbon one inch 
wide by 0.0062 inch thick. Five No. 40 wires were 
attached to, but insulated from, the ribbon at uniformly 
spaced intervals. One of these wires was 1/16 inch 
from the upper edge of the ribbon; one 1/4 inch from 
the upper edge; one at the middle; one, 1/4 inch from 
the lower edge and one, 1/16 inch from the lower edge. 
The ribbon and the attached wires were then wound 
to form the coil, a cross-section of which 1s shown in 
Fig. 3. These exploring wires enable one to make a 
direct measurement of the current density at five 
different points in the ribbon. Inasmuch as an ex- 
ploring wire and a filament of the ribbon in the same 
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horizontal plane link the same fluz, the difference 
in their potentials is the resistance drop in this filament 
of the mbbon and is therefore proportional to the 
current density in this filament. The arrangement of 
the coil, commutator, and oscillograph vibrators is 
shown in Fig. 4. The current density vibrator was 
calibrated by sending a known value of steady current 
through the coil. Five calibrations were made, one 
for each exploring wire. The commutator was driven 
so that the current in the coil was reversed 120 times per 


. "4 Com mutating Period (3) 


direct coil current 


Fic. 2—Curve SHOWING TIME VARIATION OF CoIL CURRENT 


sec., giving a 60-cycle variation. The oscillograms 
obtained are shown in Fig. 5a, b, c, d and e. These 
oscillograms show the current in the coil and the current 
density at each of the five points. The scale of the 
eurrent is such that the curve also shows the average 
current density and may be compared with the actual 
current density. The computed time variation of 
current density at each point is also shown. The 


Fic. 3—Cross-SECTION OF COIL AND EXPLORING WIRES 


close agreement between the observed and computed 
values shows that, under the conditions existing during 
this measurement, the premises on which the theory 
is built—z7z., those adopted by Field—are amply 
Justified. 

The computed values of the current density were ob- 


tained in the following manner. The time variation 


of the current in the coil was first analyzed for its 
harmonic components. By means of the fundamental 
relation’? between the current in the conductor and the 
current density at any point, the time variation of the 
current density at each point for each harmonic com- 
ponent of the current up to and including the eleventh 
harmonic, was determined. By combining the har- 
monic variations in current density at one point the 
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resultant variation in the current density at the point 
was determined and plotted. The oscillograms show 
distinctly that the current density is greater in the upper 
portion of the conductor than it is when the current is 
sinusoidal; that the higher harmonics are practically 
confined to the upper portion of the conductor; that 
during the commutating period, the current is flowing 
in opposite directions in the conductor at the same 


Fic. 5f—Wave Form or Cort Current WHEN Loss 
MEASUREMENTS WERE MADE 


time; that at the beginning of each half-cycle the cur- 
rent is most unevenly distributed, but toward the end 
of the half-cycle the distribution has become nearly 
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uniform. In describing the phenomenon, it might be 
said that the continued reversal of the current, due to 
the process of commutation, produces a turbulence 
in the current flow of such a nature that the current 
distribution consists of a series of harmonic com- 
ponents, each one of which can be determined in 
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the same manner in which the distribution is deter- 
mined when the current variation is purely sinusoidal. 
This turbulence is not confined to the commutation 
period alone but continues throughout the cycle. 
heat loss in the conductor is the sum of the losses due to 
the individual harmonic components of current. 


The 


Each 
of these component losses can be determined by the 
same procedure that is used in computing the loss in an 
a-c. generator. Computation of the resistance ratio 


for a d-c. machine is thus a much more laborious proc- 
ess, than is the computation of the ratio for an a-c. 
generator. 
one of two ways, either as the ratio of the actual loss 
to the loss that would occur if the same coil current 
were uniformly distributed in the conductor, or as the 


The resistance ratio may be defined in 
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Fics. 6 AND 7—CoMPARISON OF MEASURED AND CoMPUTED 
CuRRENT DENSITIES 


ratio of the actual loss to that as computed according 
to the standardization rules of the A. I. E. E. These 
ratios would be somewhat different. In our case the 
measured loss in the coil was 14.8 watts and the calcu- 
lated loss, 14.4 watts. In the calculation, only the 
harmonics up to and including the 13th were considered. 
The loss due to the fundamental, or 60-cycle, com- 
ponent is 12.9 watts, showing that the loss due to the 
harmonics is 10.4 per cent of the total. When this 
measurement of power loss was made, a different 
commutator was used and the wave form of the coil 
current is shown in Fig. 5f. The maximum flux 
density in the teeth during these power measurements 
was approximately 1000 gausses. 
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There is another point of interest. It is the heat 
loss in the coil during the period of commutation. If 
it be assumed that the variation of the total current, 
and of the current density during the time of commuta- 
tion is linear, an approximate value of the ratio of the 
actual heat developed to that which would be devel- 
oped if the current density were uniform can be cal- 
culated. In our case this ratio is approximately 5; 
that is, during commutation the conductor acts like one 
having a resistance approximately five times as great 
as it actually is. 

With 60-cycle sinusoidal current in the conductor the 
measured and computed resistance ratios are 1.66 and 
1.61 respectively. Figs. 6 and 7 show the observed and 
computed current densities and their phase-angles with 
respect to the total current in the conductor. 

All of these results seem to show that the original 
premises as stated by Field are so nearly true, even 
when applied to this problem of the commutated 
current, that the errors in the computation are scarcely 
of engineering importance. 

When these principles are applied to the: determina- 
tion of the armature copper loss in a d-c. machine it 
must not be expected that the accuracy of the result 
will equal that attained in the case of the a-c. generator. 
There are two principle reasons for this: First, it is 
improbable that the variation of the current during the 
commutation period will be known with sufficient pre- 
cision. Poor commutation may give rise to harmonics 
that will materially increase the copper loss. Second, 
in d-c. machines, coils which undergo commutation at 
slightly different times are placed side by side in the 
slot, producing a phase displacement between the 
components of the currents in these adjacent coil 
sides which is directly proportional to the order of the 
harmonie. Some of the higher harmonics will thus be 
approximately in opposition. This condition violates 
one of the Field premises, viz., that the current density 
should be the same in any horizontal plane. Three 
approximate methods for computing the loss in this 
case are described in Part II of the paper. 

The general principles here discussed can be applied 
also to the determination of the copper loss in a syn- 
chronous converter. If, for example, it be assumed 
that the current in the conductor is the sum of a 
sinusoidal component received from the a-c. side and a 
trapezoidal component, such as might flow in a d-c. 
generator, there will be a resultant fundamental 
component. depending upon the a-c. input, the d-c. 
output, and a series of harmonic components, which 
depend only upon the d-c. output. 

In conclusion, it is important to realize that the 
heating loss in the coil of a d-c. armature at every 
moment is greater than the square of the coil current 
multiplied by the true or ohmic resistance of the coil; 
and furthermore, that it is more important to laminate 
and properly invert the turns of the armature winding 
in the case of a d-c. generator than it is in the case of 
an a-c. generator. 
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As an illustration of the method of calculating the 
loss factor for a given armature winding, the following 
example is taken. 

The armature considered is that of a six-pole d-c. 
machine operating at 900 rev. per min. The winding 
is full pitch, simple lap wound. There are two coils 
per slot, each consisting of a single turn, and the total 
number of coils is 216. In the armature slot the con- 
ductors are arranged two in width and two in depth. 
The conductors are solid and rectangular in section. 
Principal conductor and slot dimensions are as follows: 


Conduetor width, E = 0.405 cm. 
Total width of copper in slot, w = 0.81 cm. 
Conductor depth, d = 1.40 cm. 
Slot width, s = 1.19 cm. 


The armature copper loss for this machine is more 
than 50 per cent greater than the value as computed 
in the time-honored manner. Obviously, the reduction 
in the extra losses of such a winding by laminating and 
transposing the conductors would result in a higher 
rating and efficiency. 

The ratio of the heat generated in the embedded 
portion of the top conductors to that in the embedded 
portion of the bottom conductors is 2.79 -- 1.18 =2.36. 
This is probably a more important consideration than 
the loss factor for the entire winding, as it measures the 
non-uniformity of heat distribution between the con- 
ductors. If this winding were used in an a-c. generator 
the loss factor for the winding at the same fundamental 
frequency would be 1.22. Notice that, in this case, 
the extra loss factor for the commutated current is 
more than double the extra loss factor for the sinusoidal 
current. 


RADIO BILL PROVIDES EQUAL 
ALLOCATION 


The House of Representatives has passed the bill 
previously passed by the Senate but carrying in addi- 
tion an amendment which requires the Federal Radio 
Commission to give “an equal allocation of broad- 
casting licenses, wave lengths and station power.” 

Section 4 as now proposed amends the second para- 
graph of Section 9 of the Radio Act of 1927 so that it 
reads as follows: | 

“The licensing authority shall make an allocation to 
each of the five zones established in section 2 of this act 
of broadcasting licenses of wave lengths and of station 
power; and within each zone shall make fair and equita- 
ble allocation among the different, States including the 
District of Columbia and the territories and possessions 
thereof in proportion to population." 

The bill now goes to conference with a marked dis- 
agreement between the Senate and House in the funda- 
mental principle of radio regulation. Conferees have 
given assurance that they will take early action on the 
measure. 


Proximity Effect in a Seven-Strand Cable 
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Enrolled Student, A. I. E. E.! 


HE calculation of the alternating current resistance 
ratio due to skin effect or proximity effect has been 
worked out for many shapes and combinations of 

conductors but often without recourse to experimental 
results. It is, accordingly, the purpose of this work to 
check calculations with tests for the type of calculation 
recently developed, covering the losses in several round 
wires connected in parallel, of which the arrangement is 
such that unequal currents flow in the different wires. 
The experimental results with which the calculated re- 
sults are to be compared are those presented by A. E. 
Kennelly and H. A. Affel? in 1916 for seven-strand 
cables. Their work covered radio frequencies up to 
100,000 cycles in rather small conductors. The deriva- 
tions as presented here are applicable to all frequencies 
and sizes of conductors. 


The method of attack is the same as that employed by 
Dr. H. B. Dwight of the Massachusetts Institute of 
Technology in the solution of the proximity effect in 
other arrangements of conductors. The writer wishes 
to acknowledge the aid and help of Dr. Dwight in the 
solution of this problem. 


In a seven-strand conductor, inequalities of current 
exist in the separate wires of the conductor. If the 


return conductor is assumed to be at a distance such | 


that its proximity effect is negligible then we have two 
unknown currents existing in the seven-strand con- 
ductor; 7. e., the outer concentric conductors will all 
carry equal currents J, and the center conductor will 
carry a current J, so that the total current I = 6 I, + I. 


The effect of spiraling of the wires has been neglected 
in this calculation. While the wires of a cable are spi- 
raled, the test with which this calculation is to be com- 
pared, illustrated in Figs. 4 and 5, was made on seven 
straight, unspiraled round wires. 

The method of attack is in the main as follows: The 
current density in a single isolated round wire is given by 
the following expression: 


Jo (9 ar) 
dJi (Jaa) 


I, jaa 


i p = c——— 
" T a? 2 


absamps./sq.cm. (1) 


where r and @ are the polar coordinates of any point in 
the section of the wire, where 


ı = total current in the wire 


1. Enrolled Student, A. I. E. E., Massachusetts Institute of 
Technology, Cambridge, Mass. 

2. "Skin-Effeet Resistance Measurements at Radio Fre- 
quencies up to 100,000 Cycles per Second," by A. E. Kennelly 
and H. A. Affel. Proc. Inst. of Radio Engineers, May, 1916, 
and Research Bulletin No. 13, Mass. Institute of Technology. 

Presented at the Regional Meeting of Dist. No. 1, Pittsfield, 
Mass., May 25-28, 1927. 


a = radius of the wire 


a = | 2—4 
c 


w = 27 X frequency 

o = resistivity of material of conductor 
and j - -—]1. 
Absolute electromagnetic units are used throughout. 
The quantity J, (j ar) is a Bessel function of the first 
kind, zero order and argument jar. This can be 
expressed as an algebraic series but is readily evaluated 
from tables in which Jo (bj Vj) = uo + J v», where 


jar=bj+/j. The above equation, (1), is based on 


the fact that the impedance drops at every section of 
the wire are equal. 


The next point is to obtain the effect of the current 
in the other wires on the distribution of the current 


in the first wire. It has been shown by Manneback? 
that a current J, flowing in an infinitesimal wire will 


cause a circulating current to flow in a wire of radius a 


Fic. 1—Rounp WIRE AND INFINITESIMAL WIRE 


at an axial distance s whose current density will be 


Lo; Ñ wv J (jar) 
ILLA g" Jj 002) 980€ 


n=l 


(2) 


J, represents a Bessel function of the first kind of 
order n. 


The effect of the current distribution given by (2) 
is that the impedance drops at every section of the wire 
are equal. The total current in the wire, obtained by 
adding up expression (2) over the entire section of the 
wire, is zero. Since the above two conditions are satis- 
fied, the current density given by (2) can be added to 
that given by (1) without changing the total current Z. 
The necessary condition of equal impedance drops at 
every section of the wire is still met. The sum of (1) 
and (2) therefore gives the current distribution in a wire 
carrying current I, and with a concentrated current I» 
near it. Other expressions of the same form as (2) may 
be added for all the other concentrated alternating 
currents which may be near the wire. 

Now, returning to the seven-strand cable we see that 

3. Equation (19), “An Integral Equation for Skin Effect in 
Parallel Conductors,” by Charles Manneback. Journal of 


Math. and Physics, April, 1922, and Research Bulletin No. 30, 
Mass. Institute of Technology. 
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if we are considering wire A, the proximity effect of the 
other six conductors must be taken into account. The 
first step is to assume conductors B, C, D, E, F, and G 
as infinitesimal conductors. The resultant current den- 
sity in wire A will be the sum of equation (1) plus the 


O O 


,O O e 
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respective terms for the other conductors similar in form 
to equation (2). 
The resultant expressions will be, then, as follows: 


m= c 


ig = oh Li Afi Gar) t+ SA, J, (j ar) cos n 6 (3) 
n=l 
and 
ley = pation + XI. Jn (f aU) cos n y, 
n=l 
(4) 
ete., 


where Ao, An, and F, are coefficients which for this 
derivation are as follows: 


_ joa 

BOSD gU ca) (5) 
= I; 3 a” 1 

A, = ma IAI gn n-ı (J aa) 


jaa 


Fic. 3—Two Rounp WIRES 


PEES SO 400 
prc a tp uam COS n T 
+ 2 cos SEE +2cos =F 41] (7) 
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The expressions (3) and (4) are, therefore, the current 
densities due to uniform current densities in the others, 
and J, and J, in the wires themselves. 

The next step is to find the current in each wire due 
to the A, and A, or Fm currents in the others. For 
simplicity, let us consider just two of the wires as in 
Fig. 2, A and G, for the present, to show the method. 

Let there be a current density in A in addition to the 
uniform current density 


Ii I, 


Tr = — TT A, Jo J ar) 

S ALI. Gan cos m 6 (8) 
and likewise d | 
ivy = — e Le AU. Gau) 

d codd aedi, (9) 


m=] 


Each of these integrated over its section will be zero. 
Then, the nth term of ?,, due to ?,, u du dy in G is as 
follows: 


jaa a J.(jar) 
"ra B" Jı Gaa) 
where B and 8 are variables given by a series for each 
wire. 


a 


cos n (0 — B)ududy (10) 


cos nB _ 
D^ 
pi E 
1 "n TE uk 
$^ [14 ^ /n—1ljk Pu cos k (y - 7) | aD 
=] S 
and 
"EU l /n+k-1 uk 
= Sn- 17k ae —— sink (r — y). 


=] 


(12) 
The proof of the two preceding expressions is given by 
H. L. Curtis.‘ 
Substituting expression (9) in (10), expanding the 
difference of the angles, and substituting their respective 
values from (11) and (12), the nth term of ;,, 


I. 
|- 2 IE a. 


m= © 


+ N Fn Im G ou) cos m y ] 


mm] 


Ao Jo ( au) 


4. H. L. Curtis, Scientific Paper No. 374 of the Bureau of 
Standards, Washington, D. C., 1920. 


292 


Ja (jar) 
5 aa (J a a) 


[ Jad - ] | cos n 8 [ 1 
k= co 
/n--k—1 xy 


i == wo -s cos k (Y — r) | 


k=l] 


c /n--k—1 uk 


+ sinn 6[ (n-i;k s 


k=l 


sin k (T — » | | u du dy. (13) 


The above expression is then integrated between the 
limits 0 to 27 and 0 toa. The sine term will become 
zero upon integration and drop out, and likewise 


I; I; 
fI- T a? + T a? 
0 


Thus there is left the integral of the nth term of the 
terms in m which is 


AvJo Gau) | udu = 0. 


m= co 


> 


m=] 


/n--m-—l 


artn Jm (9 aa) 
gn ctum 


gm tn dr ( a a) 


[Fm cos m T] J4 (J ar) cosn 0. (15) 


Let B, be the coefficient of J, (J ar) cos n 0. 

Now let there be an additional current density in A as 
represented by the expression (15). The resulting cur- 
rent in A due to this additional current is given by 

C, J«. (J ar) cosn 0 (16) 
where C, is given by the formula for B, except change 
A to B and F toG. 

This process may be continued indefinitely, approach- 
ing the final limiting condition of the actual current 
density. The final current density in the two wires 
will be as follows: | 


n= © 


Ajar + > M, Jn Gj ar) cosn 0 


n=] 


NP = 


(17) 
and for conductor G 


tur = > LE i; Ao Jo G ocu) + DN, Jn (J à u) cos n y 
n=l 

(18) 

where M, = Ån + Br +Cnr +t... (19) 

and Ns = Fant Gr + IHE. (20) 


Thus far, only conductors A and G have been con- 
sidered for simplicity. For the seven-strand problem, 
the effect of conductors B, C, D, E, and F may be de- 
termined by the introduction of their respective terms 
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in the preliminary equations. The introduction of 
these terms will not affect the general form of the final 
equations for the current density as given in (17) and 
(18) but will affect the coefficients A,, Ba, Cn ete., and 
Fas Gr, Hn ete., which are dependent on the unknown 
currents J, and J, and on the geometry and dimensions 
of the circuit. 

Thus, for the seven strand problem thecoefficients are 
as follows: 


_ Jaa 
Ao = oy Gaa Guay’ (21) 
A = I: an” joa 
ý wa s" Jı (jaa) 
Ii a” yaa NT 
tere a Jn-1 (9 aa) pet 
F : 22 
Ws og +e] c» 
Ks artn J.i1(jaa) /n+m—1 
BM s"*" Jani (jaa) /n—]1/m 
m=] "rco cU DE 
[ Fn cos m m + 2 An cos =) 
2 Åm T (m — m) An ] 
tee. t xe-] 0» 


C, is given by the same expression as B, except change 
A to B and F to G, likewise for any subsequent terms. 


Ii a" jaa 


F, = 7 a: g^ “Jn-1G aa) COS 1 T 
+ 2eos 457 + 2eos 41]. (24) 
_ amt jm are) 
Gn = > An |» gmtn Jiad) 
m=] 
[ cos n r + 2 cos fnm +2cos TT +1] 
/m--m-—1 
fncijm (25) 


H, is given by the same expression as G, except 
change A to B; likewise for any subsequent terms. 
For all terms except the sixth or multiples of the sixth, 
Fa, Gn, etc., will be zero. 

As said before the expressions for the current density 
will be as given in (17) and (18) with the use of the 
above coefficients. The expressions for the current 
density in the other conductors, B, C, D, E, and F, 
will be similar to (17) except for the use of their respec- 
tive polar coordinates. 

There are now two unknown currents J; and Jo. 
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Their ratio may be determined, since the conductors of 
the cable are in parallel, by finding the voltage drop 
in each wire in terms of I, and I.. Then, the voltage 
drops in any two parallel filaments are equal and can be 
equated, giving the ratio of I,/J>. 

The simplest expression to derive is that for the drop 
in the central filament of the wire. This, then, is equal 
to the drop in any other filament. In wire A the re- 
sistance drop in the central filament is 7) e where to is 
the current density at the center. Using equation (17) 
this is 

I 1 I 10 J aa 
T a? Tae 23,(3 aa) 


since J, (0) = 1 and J, (0) = 0 where n = 0. 
The reactive drop in the central filament due to the 
element of current ?,,rd 0d ris 


Ao g = (26) 


j w2ire(logh—2- ) rd ddr (27) 


I j«aaJ.(jar) p 
ra 2 J, Gag ( logh -2-) rd Odr 


=] Ww 


n= © 


+j3w2 NM,J, (jar) cos m 0 ( logh <— ) rd 0dr. 


(28) 


This takes into account the flux up to a certain large 
distance p. The expression logh denotes the hyperbolic 
or natural logarithm. Equation (28) was obtained by 
the use of equation (17). To find the reactive drop due 
to the entire current I,, the above expression is inte- 
grated from 0 = 0to2 7andr = Otoa. The integral 


or 
of the second term of (28) will be zero since f cos n0 dé 


0 


= 0. That of the first term integrating by parts, 


remembering that a? = jean is 
lo yaa J,(jaa) p 
ma 2 hga ee el a 
he jaa 
= mæ 2Ji(aa) . (23) 


Then the impedance drop at the center of the wire A 
due to I, is the sum of equations (26) and (29) and is 


Iioc 


T a? 


Aodo (Jaa) +3 w2 TI, logh 2, (30) 
The reactance drop at the same central filament in A 
due to currents expressed in the same form as in equa- 
tions (17) and (18) in the other conductors may be added 
on. 
Similarly, the impedance drop in the central filament 
of conductor G carrying current I, may be found. Since 
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J w Aye = 
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the two wires are in parallel, the impedance drops must 
be the same. The two equations may then be equated 
and the ratio of J, to J, determined. 

For the case of the seven strand conductor the im- 
pedance drops in conductors A and G are as follows: 


lic 


T 0? 


E, = AJo (jaa) +j w2 Iz logh — 


w2 I logh 2 
T Aa i OE TT 


n= œ 


: a” 
2 
+7w2 > Nara cos m T —— 


n=l 


tiotre SM, 


n=l 


J nti (J a a) a" 
Jaa n s” 


NT 2 NT 1 
| 2 cos + aeos “EE + ar |. (31) 
and 
I . ; 
E, = aaa Ao Jo (jaa) +j w2 I logh < 
+j w 12 I, logh —— 
" ~ a^ Jn (jaa) 
+) w12 Ò M, re- ^ jaa ` (32) 


n=l 


-It is to be noted again that M, and N, are expressions 
involving the unknown currents J, and J, as well as the 
geometry of the circuit. 

For the determination of the watts loss and the re- 
sistance ratio, the process is as follows: 


Let 6,9 = 0 tng. (33) 
Then by equation (10) of J. R. Carson’s paper,’ 
> | 
JMW Hye = or Cre (34) 


where uis the permeability and, for this case, equal to 1. 
H,» is the tangential component of the magnetic force 
due to the currents in the wires. 

Then 


Iioc 
mT a’ 


Avjady’ Yar) 


n= 6 


+ > oM,jaJd,' (gar) cosn 0. 


n=l 


(35) 


By equation (18) of Carson’s paper, the true energy 


5. ‘Wave Propagation over Parallel Wires: The Proximity 
Effect," by J. R. Carson, Philosophical Mag., April, 1921, page 
607. | 
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transferred to or from one centimeter of wire through its 
surface, according to Poynting’s theory, is equal to the 
resistance loss and is 


Om 0€ 
ês Hao d 0. 


0 =0 


This it is noticed involves only values at the surface of 
the wire, so the integration is not complicated. The 


'- NUS 
ÍIR = real part of 7— (36) 


E E. p 
| A^ B c D : 
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Fic. 4—Wire Spacing. (KENNELLY AND AFFEL, REFERENCE 1) 


term ĉas is the conjugate of ea, taken at the surface, and 
is obtained by replacing j by — j. 
ku the loss in conductor A is 


(to Vo’ — Uo’ _ (Uo Vo" — Mo Vo) | 
Ga[55 E] 
+ DP MM, My (tin Dn’ uv) — (D) 
4 QU n n n n n n 
næ] 
and the loss in conductor G is 
(to Uo! — Up’ _ (Uo Vo" — Uo Vo) - 
T I I T E — (w?-0cv9$ + v9"? ] 
+ Vn — Un’ Vn). (38) 
n=l 
It is to be noticed that 
M, M, = |M,|?and AT, = | I, |?, ete. 


The loss in any one wire at zero frequency is given 


I? c 

7 49 ma^ (39) 
Then by determination of the loss by equations 
(37) and (38) and the loss for the same conditions 
at zero frequency by (39) the ratio of losses will give 
the resistance ratio for conductors A and G and thence 
the average resistance ratio i the cable may be 

determined. 


RESULTS 
The expressions having been derived, two calculations 
were made using tables of J, (bj v j) as calculated by 
H. B. Dwight.* A value of b = 2 was chosen which for 
the size of wire corresponds to a frequency of 88,900 
cycles/second. Calculations for two spacings, s ja 2-2 


6. Prozimity Effect in Wires and Thin Tubes, by H. B. Dwight, 
TRANS. A. I. E. E., 1923, page 858. 
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and s/a — 3.76 corresponding to curves A and C of 
Fig. 5, were made. 
The calculated results as compared with the corre- 


20 — 40 80 
FREQUENCY Yen. x103 


Fic. 5—ErrEcT or STRAND SPACING ON THE SKIN EFFECT OF A 


STRANDED CONDUCTOR. (KENNELLY AND AFFEL, REFERENCE 1) 


sponding results of Fig. 5 for these spacings are as 
follows: 


8/0 = s/a = 3.76 
Calculated............... 2.19 1.58 
Figure 5 (test)............ 2.15 1.53 


The resistance ratio for an equivalent single round 
conductor for the same conditions is 2.1457. 
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The paper discusses aeronautical lighting under four 
principal heads; namely, airways, intermediate field, 
airports, and airplanes. It describes and illustrates 
equipment in considerable detail which will be but 
briefly mentioned herein. 


*A paper presented before the Annual Convention of the 
Illuminating Engineering Society, Chicago, Ill., October 11-14, 
1927. Transactions of I. E. S., November 1927. 
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Airways. The main standard beacon used for mark- 
ing the course on new airways consists of a 24-in. 
silvered glass parabolic mirror projector which rotates 
its vertical axis at 6 rev. per min. These projectors are 
spaced from 10 to 20 mi. apart. In this beacon, a 
special 1000-watt incandescent lamp is employed. 
Such a unit will produce a beam of about 2,000,000 
candlepower with a 4l4-deg. spread. The beam is 
elevated 2 deg. above horizontal. To increase the 
reliability of performance of unattended beacons, devices 
which will automatically replace a lamp which fails 
with a new one are provided. 

Small beacons used to mark important details in the 
course may be of a flashing acetylene type which 
operate for 6 months without attention. 

At crossings or branches in the air-routes, special 
markers are employed. They can be flashed by turning 
the lamp on and off, and the flashing can be made 
distinctive by coding. 

The newer beacons are being supplied with two 
"on-course"' lights having a beam spread of about 40 
deg. 

Intermediate Fields. The general present practise 
in laying out an airway is to locate every third or 
fourth beacon adjacent to an intermediate landing 
field, which must have the following lighting equipment 
in addition to the beacon; (1) boundary lights; (2) wind 
cone illumination; (3) obstruction lights; (4) floodlights 
for airway direction arrow. 

Boundary lights usually consist of 15- or 25-watt 
lamps spaced 200 or 300 ft. apart along the boundary of 
the field. The wind cone is illuminated by a floodlight 
or by a lamp placed in the mouth of the cone. Flood- 
lights illuminate the big direction arrow at the base of 
the beacon and the route number. 

Obstruction lights must be provided on all objects 
over 100 ft. high near an airway, field or airport. Any 
object that projects above a gliding angle of 7 to 1 from 
the edge of a field should be marked. Where such an 
obstacle as a transmission line crosses an airway, it is 
advisable to place obstruction lights on the towers for 
at least 114 miles either side of the center line of the 
airway. 

Airports. A modern airport employs the following 
lighting equipment: 

A beacon to guide the pilot to the airport. 

Boundary, approach and obstruction lights for 
indicating the extent of the field, the best 
approaches, and obstructions to landing. 

Hangar lights to give perspective. 

Wind indicator lights to show wind direction. 

Floodlighting to assure a safe landing. 

A ceiling light to indicate cloud or fog height. 

In addition to the standard beacon, a stationary one 
employing 1000- or 1500-watt lamps giving coding 
flashes are often used for identification. 
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Neon beacons have been installed at several airports 
in this country for experimental observation to deter- 
mine particularly their visibility under adverse weather 
conditions. 

Boundary, approach, and obstruction lights are in 
general similar to those used for intermediate fields. 
They may be either of the series or multiple type. 
Favorable points of approach to the field are usually 


marked with one or two green lights on the border. 

The exterior of each hangar is floodlighted. 

There are two accepted systems of floodlighting a 
field or runway for night landing, which may be classi- 
fied as follows: 

Centralized system consisting of one or more light 
sources assembled at one point. 

Distributed system consisting of one or more 
sources spaced several hundred feet apart 
along the borders of runways. 


Several types of equipment for the centralized 
system are available. One type employs a hand- 
ground Fresnel lens approximately 3 ft. high and 3 ft. 
in diameter. This gives a fan of light with a 1215- to 2- 
deg. vertical spread through a horizontal angle of 140 
deg. parallel to the ground and with a very sharp cut 
off. Another type consists of a high-intensity arc in a 
18-in. parabolic mirror. A 36-in. parabolic mirror with 
10-kw. incandescent lamps has also been used. Another 
unit is a twin floodlight employing two 5-kw. or two 
10-kw. incandescent lamps in 24-in. parabolic mirrors. 
Plates are provided to give the beams a horizontal 
spread covering altogether 80 deg. Stray upward light 
is cut off by louvers. Several such units may be 
mounted to cover an angle of 180 deg. 

The distributed system of field illumination ordinarily 
employs smaller units installed along the boundaries of 
the field. On wavy or uneven ground this system 
produces an illumination quite free from shadows. 
Such lighting may be obtained by a number of 24-in. 
parabolic reflectors spaced about 250 ft. apart around 
the edge of the field. Where economy is necessary, units 
may be provided only on two sides of the area, the rows 
being grouped according to the prevailing winds. 
Another type of unit for distributed lighting employs 
a small Fresnel lens. 

Airplanes. One of the essential departments of 
lighting necessary for night flying is the illumination 
equipment on the airplane itself. The airplane should 
have illumination for the following purposes: 

1. Running lights, similar in general to the marine 
running lights. 

2. Landing lights for use in emergency landing. 

3. Signal lights for signaling airports or landing field. 


Of course, there will be instrument board illumination 
and cock-pit or cabin illumination, but these are not 
considered in this paper. 


INSTITUTE AND RELATED ACTIVITIES 


Baltimore Regional Meeting April 17-20 


An excellent program is arranged for the Regional Meeting 
which will be held in Baltimore, April 17-20, under auspices of 
the Middle Eastern District. The Hotel Belvedere will be 
headquarters for the meeting. The program will be as pub- 
lished in the March JOURNAL, page 218, except that the paper 
Behavior of Dielectrics announced for the afternoon session 
on April 17 will not be presented. Also, contrary to the former 
announcement, this session will be held in the Civil Engineering 
Building of Johns Hopkins University. All other sessions will 
be at the Hotel Belvedere. 


TECHNICAL PROGRAM 


As announced, the technical papers will be devoted to the 
general subjects of dielectrics and power generation. Three 
papers will be presented on dielectrics and insulation. Another 
group will cover the Gould Street Generating Station of the 
Consolidated Gas, Electric Light and Power Company Two 
other sessions will be devoted to the Conowingo development of 
the Philadelphia Electric Company, covering such features as 
design, 220-kv. transmission, quick-response excitation, stability 
and communication. 

HorEL RESERVATIONS 

Reservations for hotel accomodations should be sent to 
R. T. Greer, ehairman of the Hotel Committee, in eare of the 
Consolidated Gas, Electric Light and Power Company, Madison 
Street Building, Baltimore, Md. As the hotels in Baltimore will 
be erowded at this time, all visitors may not be able to get rooms 
at the Belvedere, but the Hotel Committee will make reservations 
elsewhere if necessary. "The hotel rates are as follows: 


Room Rates per Day 
(with private bath) 
One person $5-6 T wo persons $7-8 
$8, $10, $12 


Room with double bed.............. 
Room with twin beds............... 


REepuvcED RAILROAD FARES 


Special railroad rates will be available to out-of-town visitors 
under the certificate plan providing 250 certificates are registered 
at the convention. Each person attending the convention 
should request a certificate when purchasing a one-way ticket to 
Baltimore. Presentation of this certificate at the convention 
headquarters will entitle the holder to a half-rate fare for the 
return trip over the same route. 

When purchasing tickets, members or guests should advise 
the ticket agent that they are attending the A. I. E. E. Regional 
eonvention in Baltimore and should ask for eertifieates. Families 
of members attending the convention are also entitled to 
certificates. ' 

Everyone should obtain a certificate whether or not he will use 
it, for failure to do so may deprive others coming long distances 
of the saving in railroad fare made possible by this provision. 


Regional Meeting at New Haven 
May 9-12, 1928 

The 5th annual meeting of the Northeastern District will be 
held at New Haven, Connecticut, on May 9-12. Headquarters 
will be at the Hotel Taft and the Connecticut. Section will act as 
host. Technical papers of unusual interest, inspection trips, 
a Branch conference and entertainment make up the well 
rounded program. 

New Haven is easily accessible by excellent train service, fine 
state roads, and motor bus service. Settled in 1638, it has many 
points of historical interest; whilethe modern Yale with its many 
traditions, its architecturally famous buildings, its Engineering 
School and laboratories never fails to interest the visitor. 


TECHNICAL SESSIONS 


Four technical sessions will be held. The first will be a joint 
symposium arranged by the Committees on Instruments and 
Measurements and on Protective Devices, dealing with the instru- 
ments available for the study and measurement of system 
disturbances, and the application of protective devices to control 
their effects on system operation. 

A major part of the technical program has been devoted to 
four unique engineering developments in the vicinity. These 
include a hydroelectric project, electric railway power from rec- 
tifiers, variable-ratio frequency changers, and mercury turbines. 

A paper will be presented on the exclusive use of mercury are 
rectifiers for supplying power to a trolley system, and a second 
paper, on inductive coordination between the railway feeder 
system and local communication circuits where these rectifiers 
are in use. 

The economics of power supply for railway electrification will 
be covered by another paper. 

Two very interesting papers will deal with 25-cycle power 
obtained through two variable-ratio frequency-changer sets, 
one deriving power from another 25-cycle source, and the second, 
power from a utility svstem at 60 cycles. 

A hydroelectric development of unusual interest, in which the 
excess water will be pumped into a storage basin, is the subject 
of another paper. This water will be pumped on some occasions 
by a portion of the excess water power and on other occasions by 
steam power from other points on the system. 

A paper on the mercury boiler and turbine will be another of 
this group on unique developments. 

Special consideration will be given to ‘“‘Initial Papers” and the 
Friday morning session is reserved for papers by Student Branch 
members. The accompanying program gives detailed informa- 
tion on all the technical papers. 


INSPECTION TRIPS 


The inspection trips have been coordinated with the technical 
papers, so that the four unusual developments in the field of 
hydroelectric plants, railway and street railway power and 
mercury turbines, may be visited. Visitors will also be able to 
inspect the latest types of locomotives as now used by the New 
Haven Road, including the new 1000-hp. 3-cylinder, high-speed 
electric controlled steam freight type, the motor-generator elec- 
trie freight type, the d-e/a-e. single-phase passenger type, the 
a-c. freight type and the gas-electrie rail car. 

Registration for these inspection trips should be made at the 
registration desk as soon as possible after arrival in order to 
allow the committee ample time to complete arrangements. 


ENTERTAINMENT 


On Wednesday evening, May 9, there will bean informal recep- 
tion with musie and dancing or eards, as one desires. 

On Thursday evening an informal banquet will be given for 
members and lady guests. 

On Friday evening the Yale University Department of Drama 
will give a complimentary performance at the University 
Theater. Guides will be available for those desiring to inspeet 
the University buildings. 

A ladies’ committee has been appointed to provide entertain- 
ment for the visiting ladies during the technical sessions and 
will include bridge parties, teas,and automobile drives along the 
Connecticut Shore. <A schedule of the events for the ladies is 
published below. 

Three excellent golf courses, (including the famous Yalecourse), 
and tennis courts are available for those attending the conven- 
tion. A golf tournament will be held the first two days of the 
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convention for which the committee announces prizes for the 
winners. The Yale gymnasium and its swimming pool will be 
open to convention visitors. 


REGISTRATION 

Members are requested to register in advance as far as possible 
by writing to C. J. Daly, The Southern New England Tele- 
phone Company, New Haven, Connecticut. In order to cover 
part of the necessary expense incidental to the convention, a 
nominal registration fee of $1.00 will be collected from the men 
at the meeting. 

HOTEL ACCOMODATIONS 

Meeting headquarters will be at the Hotel Taft. Rates, 
ete., are given below. Advance reservations should be made 
directly with the hotel at as early a date as possible. 


HOTEL RATES 


Single Rooms Double Rooms 


-— eS | =  ————————— 


Without With Without With 
Bath Bath Bath Bath 

*Hotel Taft............. $4.25 $4 .75* $7 .50* $9 .00* 

5.00* 8.00* 10.00* 

(Three or more sharing large room with bath and separate beds—rate per 
person $4.00) 
Hotel Duncan........... $2.00 $3.00 $3.50 $5.00 
4.00 6.00 
Hotel Garde. ........... 2.50 3.50 5.00 6.00 
Hotel Strand............ 1.50 3.00 3.50 5.00 
2.00 4.00 


*Note: Hotel Taft rates include breakfast. 


COMMITTEES 


The general committee in charge of the meeting is as follows: 
H. M. Hobart, Chairman, Vice-President in Northeastern 
Distriet; A. C. Stevens. Seeretary; W. H. Colburn, L. E. Imlay, 
C. A. M. Weber, W. H. Timbie, F. M. Sebast, R. F. Chamber- 
lain, A. E. Knowlton, and R. G. Warner. 

The chairmen of the other committees are as follows: Local 
Exeeutive Committee, A. E. Knowlton; Hotels and Registra- 
tion, C. J. Daly; Inspection Trips, E. J. Amberg; Publicity, 
C. H. Clements; Transportation, H. F. Brown; Ladies Enter- 
taanment, Mrs. E. H. Everit; Entertainment and Banquet, 
F. L. Ferguson; Sports, S. K. Wolf. 


PROGRAM 


(DavrniauT Savina TIME) 


All technical sessions at Hotel Taft Ballroom, except Wednesday 
afternoon continuation of symposium. 


WEDNEsDay, May 9 


9:00 a.m. Registration 

10:00 a. m. Address of Welcome, H. M. Hobart, Vice-President, 
Northeastern Dist. A. I. E. E. 

10:15 a.m. Technical Session, R. T. Pierce, Chairman 


SYMPOSIUM ON SURGE MEASUREMENTS AND 
PROTECTIVE DEVICES 


Application of Relays for Protection of Power-System Intercon- 
nections, L. N. Crichton and H. C. Graves, Westinghouse 
Elee. & Mfg. Co. 

Application of Wound-T ype Current Transformers to High-Voltage 
Circuit Breakers, J. C. Rea, Pacifice Electric Mfg. Co. 

Relation Between Transmission-Line and Transformer Insulation, 
W. W. Lewis, General Electric Co. 

Rationalization of Transmission-System Insulation Strength, 
Philip Sporn, American Gas and Electric Co. 

Hall High-Speed Recorder, C. I. Hall, General Electric Co. 

Pages from the Hall High-Speed Recorder, E. M. Tingley, Com- 
monwealth Edison Co. 

Oscillograph Recording of Transmission-Line Disturbances, J. W. 
Legg, Westinghouse Electric & Mfg. Co. 
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High-Speed Graphic Voltmeter, A. F. Hamdi and H. D. Braley, 
New York Edison Co. 
(This symposium will be continued at 2:00 p. m. in Dunham 
Laboratory, 10 Hillhouse Ave., with F. L. Hunt, Chairman.) 
2:00 p. m. Technical Session, Harold B. Smith, Chairman 


MISCELLANEOUS PAPERS 


Selection of Railway Motor Equipment by Principles of Similar 
Speed-Time Curves, B. A. Widell, General Electric Co. 
Shunting of Track Circuit in Polyphase Continuous Inductive 

Train Control, C. F. Estwiek, General Railway Signal Co. 
The Diverter-Pole Generator, E. D. Smith, Jr., Rochester Electric 
Products Corp. 
Electric Conduction in Hard Rubber, Pyrex, Glass, Fused and 
Crystalline Quartz, H. H. Race, Cornell University 
3:00 p. m. Inspection trip, electric motive power equipment, 
N. Y.. N. H. & H.R. R. 
8:30 p. m. Informal reception, Hotel Taft. 
eards. 


Musie, dancing, 


Tuurspay, May 10 
9:00 a.m. Technical Session, Sidney Withington, Chairman 


RAILROAD AND RAILWAY POWER 


Interconnection of Power and Railway Traction System by Means 
of Frequency Changers, L. Encke, N. Y., N. H. & H. Railroad 

Application of Large Frequency Changers to Power Systems, 
E. J. Burnham, General Electric Co. 

Electrification on Illinois Central R. R., R. F. Schuchardt, Com- 
monwealth Edison Co. and W. M. Vandersluis, Illinois 
Central R. R. 

Mercury Arc Rectifier Substations, G. E. Wood, The Connecticu 
Co. 

Effect of Street Railway Mercury Arc Rectifiers on Communication 
Circuits, C. J. Daly, Southern New England Telephone Co. 

2:00 p. m. Inspection trips. 
1. Mercury arc rectifier substations, The Connecticut 
Company (Bridgeport) 
2. Frequency-converter substations, The Connecticut 
Company (New Haven), The Conn. Light & Power 
Co. (Devon) 
7:00 p.m. Banquet 
Fripay, May Il 


8:30 a.m. Inspection Trip (Hartford) 
Mercury boiler and turbine, Hartford Electric Light Co. 
Hartford Hump Yard, Electric Braking N. Y., N. H., & 
H. R. R. Co. 


9:00 a.m. Symposium on Student Branch Activities 
10:30 a. m. Student technical session 
12:30 p. m. Branch conference luncheon 
2:00 p.m. Technical session, William S. Gorsuch, Chairman 


POWER DEVELOPMENTS 


(The lectures at this session will be illustrated with charts 
and slides and will include material not incorporated in the 
printed papers.) 

The Mercury Boiler and Turbine, L. A. Sheldon, General Electric 
Co. 

The Rocky River Development of the Connecticut Light and Power 
Co., E. J. Amberg, Connecticut Light and Power Co. 

4:30 p.m. Inspection Tour, Yale University 

8:00 p.m. Theater Party, Courtesy of The Dept. of Drama, 
School of Fine Arts, Yale University 


SATURDAY, May 12 
9:00 a.m. Inspection Trip (New Milford) 


ROCKY RIVER HYDROELECTRIC DEVELOPMENT 


ConNECTICUT LIGHT AND Power COMPANY 
At Rocky River, on the Housatonic, this hydroelectric 
development is nearing completion. It is the first development 
in the U. S. where flood water is to be pumped to an elevated 
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storage reservoir. The result will be a complete economic 
utilization of the entire river below this point. 


LADIES’ ENTERTAINMENT PROGRAM 
WEDNESDAY, May 9 


9:00 a.m. Registration 
11:00 a. m. Visit to Memorial Quadrangle and Old Campus, 
Yale University 
3:00 p.m. Auto drive to West Rock Park and Judges Cave. 
Tea at Giant Valley Country Club 
8:30 p. m. Informal Reception. Dancing and Cards 


TuHunsDAY, May 10 


10:00 a. m. Visit to the gallery of the Yale School of Fine Arts 

11:30 a.m. Visit to the Rebecca Darlington Stoddard Collec- 
tion of Greek and Italian Vases, the Collection of Auto- 
graph Letters and Engravings of Eminent Yale Men, and 
the Steinert Collection of Musical Instruments 

3:00 p.m. West Shore Drive. Tea at Race Brook Country 
Club 

7:00 p.m. Convention Dinner 


Fripay, May 11 


9:30 a.m. East Shore Drive to Guilford, visiting ‘‘Old Stone 
House” ‘Whitfield House” and other places of interest 
3:00 p. m. Visit to the Collection of Babylonian Antiquities 
and the Peabody Museum. Tea at the Nathan Hale Inn 
8:00 p.m. Theatre Party. Courtesy of Department of 

Drama, School of Fine Arts, Yale University 
SATURDAY, May 12 
9:00 a.m. Auto drive and inspection trip to the Rocky River 
Hydroelectric Development, New Milford, Conn. - 


Summer Convention, Denver June 25-29 


Arrangements are being completed for the 1928 annual 
Summer Convention which will be held in Denver, Colorado, 
June 25-29, with headquarters at the Cosmopolitan Hotel. 

A well rounded technical program is being planned, which will 
include papers on such subjects as transmission-line surge 
investigation; operation of electrical machines at high altitudes; 
feeder control for electrical railways; carrier-current communica- 
tion; engineering education; geophysics; ete. Reviews of the 
year in the various lines of electricity will be presented in the 
reports of the Institute’s technical committees. 

A conference of Section Delegates will be held under auspices 
of the Sections Committee. 

The local committee is planning some very enjoyable enter- 
tainment and sightseeing trips. 

A tour to Yellowstone Park and other points is being arranged 
to follow the conventions, as announced elsewhere in this issue. 

Further details of the program will be published in the May 
and June issues of the JOURNAL. 


Institute Tour to Yellowstone Park 


A tour of Yellowstone National Park, by way of Colorado 
Springs and Salt Lake City is being planned for Institute mem- 
bers and guests in connection with the 1928 Summer Convention 
to be held in Denver, Colorado, June 25-29. 

With New York City as a starting point, the entire trip will 
be made in about eighteen days, including, the time spent in 
Denver at the Convention. The time required from other 
points will depend, of course, upon their location. The start will 
be made from New York on the afternoon of June 22 and the 
return to New York will be on July 10. 

Members from other sections of the country may meet the 
party at any point along the route including Denver. 

The party will arrive at Denver on Sunday evening, June 24, 
and after the Convention is over, will leave Friday evening, 
June 29, for Colorado Springs, where they will stay at the Broad- 
moor Hotel. 
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At Colorado Springs June 30, Pike’s Peak, the Garden of the 
Gods, South Cheyenne Canyon, and Seven Falls will be visited. 
Enroute from Colorado Springs on July 1 will be seen the famous 
Royal Gorge. : ! 

Arriving in Salt Lake City on the morning of July 2, trips will 
be made morning and afternoon, and at noon the organ recital 
in the Mormon Temple will be heard. Among the trips which 
can be taken are those to Saltair Beach, the Bingham Copper 
Mines, and the canyons near the city. 


ROUNDING THE SUMMIT OF PIKE’s PEAK 


Leaving Salt Lake City on the evening of July 2, the party 
will arrive at the West Yellowstone entrance on the next morning. 

In Yellowstone National Park, four and one-half days will 
be spent enjoying the many wonders of nature which are there. 
Old Faithful and many other geysers, Yellowstone Lake, the 
Grand Canyon and Great Falls of the Yellowstone, Mammoth 
Hot Springs, Shoshone Lake and Dam are the prominent points 
that will be visited. 


In THE MoNTANA ROCKIES 


Leaving the park by way of the Cody road the party will take 
the train at Cody on the evening of July 7 and will arrive in 
Chicago July 9 and in New York, July 10. 

A most enjoyable feature of this trip will be that all arrange- 
ments for railroad and pullman tickets, hotels, automobile tours, 
baggage transfer, etc., will be made by the travel bureau which 
has been authorized for the trip. 

The cost of the tour, depending on pullman accommodations 
desired, will be as follows, with New York as the starting point. 
Rates from other points will differ according to the location. 
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COST OF TOUR STARTING AT NEW YORK 


Onein Onein Two in Two in Three in 
upper lower compartment drawing room drawing room 
berth berth (each person) (each person) (each person) 
$350 $375 $398 $439 $393 


The tour is arranged on the all-expense plan and the cost 
includes round-trip railroad and pullman transportation, side 
trips, accommodations at first class hotels (rooms with bath, 
twin beds) including the Cosmopolitan Hotel, the headquarters 
of the meeting, all meals (except at Denver), transfer of pas- 
sengers and baggage, sight-seeing and touring cars, in fact all 
necessary expenses except meals at Denver, trips in Salt Lake 
City and tips. 

The cost does not include private baths at Yellowstone Park. 
Such accommodations are limited, but private bath accommoda- 
tions will be secured for members of the party who desire them 
there, at slight additional cost. 

All who are interested in this tour are requested to communi- 
cate with the travel bureau, The Henry Tours, Ince., 565 Fifth 
Avenue, New York, N. Y., which will make arrangements. The 
bureau will give information on all matters. 


Pacific Coast Convention, Spokane 
August 28-31 | 


Already plans are well under way for the Pacific Coast Con- 
vention, to be held in Spokane, Wash., August 28-31. 

A widely varied technical program will be arranged and the 
following subjects will probably be treated: Transmission-line 
studies ineluding lightning investigations, corona, and swinging 
of conductors; interconnection, carrier-current relaying and 
communication; automatic stations; cables; vacuum tubes; 
telephony; railway electrification; automatic train control; 
electrometallurgy of zine; ete. 

Further information will be published in subsequent issues of 
the JoURN AL. 


Regional Meeting in Atlanta October 29-31 


The Southern District of the Institute will hold a three-day 
regional meeting in Atlanta, Ga., October 29-31, with head- 
quarters at the Hotel Biltmore. 

A program of special attractiveness to members in the south- 
eastern States is being planned by the regional committee. 
More details will be announced when the plans are completed 
further. 


Southwestern District Holds Good Meeting 


in St. Louis 


A most successful Regional meeting was held by the South- 
western Distriet of the Institute at the Hotel Coronado in 
St. Louis, Mareh 7-9. Over five hundred registered at the 
meeting, and the attendance at the various technieal sessions, 
entertainment features and inspection trips, was exceptionally 
good. 

Four technical sessions were held. A digest of these sessions 
is given in subsequent paragraphs. 

One of the features of the meeting was & conference of Branch 
Counselors and Students. A report of this is published on 
another page of this JOURNAL. 

On the evening of March 7 a lecture on the subject of ‘‘Light- 
ning" was given by F. W. Peek, Jr., in the Engineers Club. Mr. 
Peek spoke on the artificial production of lightning and 
announced for the first time the development of a lightning 
generator for 3,600,000 volts. He deseribed also methods for 
protection of transmission lines, oil tanks, ete., from damage by 
lightning. The lecture was followed by entertainment and 
dancing. 


The main social event of the-meeting was the Dinner-Dance. 


on the evening of March 8. Following the dinner an address 
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was given by Charles E. Cullen, Professor of Law and Business 
Administration at Washington University. After this, dancing 
was enjoyed. 

A luncheon was held on March 7 with the St. Louis Electrical 
Board of Trade, at which about four hundred were present. 
Bancroft Gherardi, President of the A. I. E. E., made an address 
on trans-oceanic telephony. 

Many of those in attendance took the inspection trips to the 
Southwestern Bell Telephone Building, Cahokia Power Station 
and other interesting points. 


DIGEST OF TECHNICAL SESSIONS 
ELECTRICAL MACHINERY 


The first technical session held on the afternoon of March 7, 
A. E. Bettis presiding, opened with an address of welcome by 
Mr. Bettis and a few remarks by President Gherardi. The 
first paper, Magnetic Leakage and Fringing-Fluz Calculations by 
W. L. Upson and E. L. Furth, was presented by Professor U pson. 
In the following discussion by Hans Weichsel he warned that the 
leakage coeffieient and corresponding field ampere-turns vary 
greatly with the saturation of the poles. B. T. McCormick said 
that one is justified in using empirical methods because the 
behaviour of the constructed machines is likely to vary from 
design predictions. J. L. Hamilton said that there is no occasion 
for drawing curved lines to represent the fluxes in air gaps and 
that calculations using straight lines are sufficiently accurate. 
Professor Upson said that the straightness of the lines was not of 
great importance, but he wished to point out that magnetic lines 
do issue from the pole pieces all the way up their sides. 

The next paper, Squirrel-Cage Motors with Split Rings. by 
Hans Weichsel, was read by B. T. McCormick. In commenting 
upon this paper, D. D. Clark stated that the power company has 
an interest in the question of splitting the rings of a motor, as 
such a motor when connected to a line will tend to cause fluctua- 
tions in the voltage of such frequency that they are very notice- 
able on lights. He was glad to see this proof that such splitting 
of the rings does not result in any operating advantages and 
therefore need not be resorted to by consumers. K. L. Hansen 
disagreed with Mr. Weichsel on one point, showing that in some 
cases quite an appreciable increase in the intial starting torque 
may be obtained by splitting the rings. He pointed out also 
that such a motor would probably have a tendency to hang at 
half speed. Mr. McCormick pointed out another disadvantage 
of splitting the rings, namely, that the split rings are likely to be 
damaged by centrifugal force, as they would not be normally 
braced to withstand this force. 

A. F. Kenyon then read the next paper on the program, en- 
titled The Drive of Tandem Rolling Mills. In commenting on 
this paper, several steel-mill men stated that in practise they 
would prefer to have a speed regulation on the motors of not 
over 2 per cent. They stated that 5 per cent or the 8 per cent 
mentioned by Mr. Kenyon, was too great. One of the advan- 
tages of using d-e. equipment, according to Mr. Starbitz, is that 
regeneration may be employed in stopping the mills. This is 
quite necessary on some of his mills, where due to roller bearings 
and fly-wheels, the mills will coast from 12 to 15 minutes. 
With regenerative breaking they may be stopped in 45 seconds. 
W. M. Ballinger pointed out that it is advisable to use a-c. 
motors wherever possible, in order to avoid conversion losses, 
and with this Mr. Kenyon agreed. Mr. Kenyon also pointed out 
that diffieulties may arise when certain of the driving mills are 
supplied from one set of busses and others from another set. 


Powkn SvsTEMS—AÀ 


In the second session, L. F. Woolston presiding, the following 
four papers were presented: The Public Utility Laboratory and 
Its Relation to Service, by G. E. Meredith and D. D. Clark; 
Recent Developments in the Application of Demand-Metering 
Equipment by Stanley Stokes and L. V. Nelson; Excitation 
Systems—Their Influence on Short Circuit and Maximum Power 
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by R. E. Doherty; and Voltage Regulators by R. M. Carothers 
and C. A. Nickle. 

R. H. Park pointed out that with the new regulator described 
in the last paper the gain in the load which a generator can carry 
before the system becomes unstable, is greatly increased in 
practise. For instance, for a 250-mile line between a generator 
and motor, the gain is 55 per cent. For a 500-mile line the gain 
is 25 per cent. A regulator without the d-e. coil will give only 
4 per cent for a 250 mile line and 2 per cent for a 500-mile line. 
In addition, there will be hunting, which is not found with the 
new regulator. He pointed out also that with actual large 
generators used in power plants, the exciter speed need be only 
half as much as was attained in the tests. C. A. Powell pointed 
out that stability under transient conditions rather than static 
stability, is necessary. He said also that an a-c. controlled 
regulator is suitable for use under transient conditions, and 
moreover, that operating a system with steady loads in the zone 
of artificial stability requires that the generating units be worked 
at very high values of excitation, and it may be more desirable 
either to increase the static limit by reducing the reactance of the 
generators or to supply the excitation at more appropriate 
locations as by using intermediate synchronous condensers. 
R. D. Evans also pointed out that the transient limit is the more 
important one. He said that it has been established that a 
system will reach a critical point in its oscillation in a time of the 
order of 34 second from the start of a disturbance, so that any 
corrective action to be effective, must be made in less than 
that time. He pointed out, however, that there is an optimum 
condition beyond which the advantages of further changes are 
relatively hard to obtain. Up to the point where the magnetiz- 
ing action of the excitation system is equal to the demagnetizing 
action produced by the disturbance, the time constant of the 
main motor field does not enter into the problem. Beyond that 
point the improvements from the stability standpoint become 
relatively less in proportion because of saturation in the main 
machine. He stated that he does not advocate as a normal 
procedure continuous operation in the zone of artificial stability. 
H. W. Smith stated that the regulator in which the vibrating 
system is actuated only by the terminal voltage of the main 
machine, has shown quite satisfactory results and allowed 
large increases in power limits on artificial lines. With the 3- 
coil regulator he said there is a possibility that in the event of a 
drop in terminal voltage, its contacts may open before normal 
terminal voltage is regained. The regulator with the a-c. 
vibrating coil does not have this disadvantage. With a corre- 
sponding change of 10 per cent in terminal voltage, the contacts 
close and remain closed until normal terminal voltage is restored. 
J. H. Ashbaugh advocated the use of the rheostatic regulator 
because it is as sensitive as the vibrating regulator and does not 
possess its imperfections. He stated that it appeared to him 


that the 3-coil regulator approaches the performance of the. 


regulator with two a-c. coils more closely than the regulator with 
a-c. and d-c. coils. He said that the function of the d-e. coil 
is merely to prevent hunting, but upon a reduction in a-c. 
voltage the regulator would start vibrating before the exciter 
reaches its maximum voltage, which is undesirable. C. A. 
Adams said that he believed that any improvement in regulators 
is desirable, and that a regulator which makes it possible to 
operate closer to the maximum limit, is a considerable gain, 
even though operation is not normally carried on near this limit. 


PowER SysrEMs— B 


The first session on the morning of March 9, S. M. DeCamp in 
the chair, opened with the presentation of Development of Im- 
pedance Relays, by H. A. MeLaughlin and E. O. Eriekson. In 
diseussing this paper, H. P. Sleeper stated that in his opinion 
impedance relay has for its prineipal applieation its use on eom- 
plicated systems. It may be used in a network to take care of a 
certain line by reason of faults on that line, independently of the 
time elements in other sections of the system. He mentioned 
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that there are definite limitations to the applieation of this 
relay. It should not be used for balanced protection of parallel 
lines, but it ean be used to back-up the balanced relays, that is, 
after one line has been disconnected, the impedance relay can be 
used to protect the single line that remains. He said that his 
eompany has had very satisfaetory results with this relay and 
that the danger of incorrect setting is very small. He asked if it 
is possible to speed up the zero voltage operation of the relay; 
also, if trouble is to be anticipated by the additional time intro- 
duced by the interlocking of the directional element with the 
operating element. W. H. Millan also advocated the use of the 
impedance relay as a back-up relay and said that on his system 
it could, with good advantage, be used to replace some of his 
present overload back-up relays. O.C. Traver said that he had 
a feeling against putting this type of relay at the generating end 
of a system and that he preferred a straight over-current relay 
in this position. He mentioned that his company has employed 
for ten years the 90-degree method of connecting the relay to the 
line, and that he thought this method éould be profitably applied 
to the impedance relay. In answering Mr. Sleeper’s questions, 
Mr. McLaughlin said that the zero-voltage time is now as low as 
it has been possible to make it. In regard to the time delay 
introduced by the directional element, he explained that the 
voltage used on the directional element differs from the voltage 
used on the impedance element, so that for a line-to-line fault 
the voltage on the impedance element will never be reduced to 
less than line-to-ground voltage; likewise, for a ground fault the 
voltage on the directional element differs from that on the 
restraining element, and will never be reduced to less than line-to- 
ground voltage. The resultant additional time will be only 
about 2 or 3 cycles. When using the impedance relays on a 
system with other relays, they will give a definite gain in results 
when located at the generating station. 


Automatic Switching of Incoming Lines and Transformers 
Supplying Power to A-C. Sub-Stations by A. E. Anderson, was 
the next paper presented. R. J. Houk, commenting on this 
paper, called attention to the fact that protective relaying should 
be given special study where automatic switching is used. 
Chester Lichtenberg emphasized the same thought and added 
further that maintenance and inspection are really the basis of 
successful automatic operation. He advocated the use of one set 
of instruments such as synchronizing relay, reclosing relay, ete., 
for each circuit breaker rather than one over-all set of relays 
controlling a number of breakers. 


J. B. MacNeill presented the next paper entitled Moderate- 
Voltage, Moderate-Capacity, Round-Tank Circuit Breakers. 
R. R. MeGee pointed out the striking similarity in fundamentals 
of design between the new moderate-duty breaker and the new 
large breakers made by the principal manufacturing companies. 
He described a number of the breakers made by his company. 


The last paper in the session, Vibration of Transmission-Line 
Conductors was presented by the author, Theodore Varney. 
D. D. Clark mentioned that his company had experienced 
breakage of supports, which was apparently due to this vibration 
of conductors. Eli Etlinger said that his company has suffered 
from breakage of conductors caused evidently by vibration, and 
that the breaks appeared to have been caused by a shearing 
force and not by tension. He advocated that ground wires be 
supported as flexibly as possible, to avoid such breakage. In 
closing the discussion, Mr. Varney said that his experiments 
indicated that the breaking of wires was practically due to 
beinding. He said that a theory had been advanced that there 
must be a longitudinal wave in addition to the transverse vibra- 
tion. He contended, however, that the velocity of the longi- 
tudinal wave would be 10 or 12 times the velocity of the trans- 
verse wave, and that it would not have any great damaging effect. 
He said that if tension is reduced, the bending effect would be 
reduced, but of course other difficulties will result due to having a 
loose line which might swing considerably. 
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. COMMUNICATION 

The last session, on the subject of communication, was held 
on the afternoon of March 9, with B. D. Hull presiding. The 
first paper Vector Calculating Devices, was presented by the 
author, M. P. Weinbach. Some of the discussors mentioned that 
somewhat similar schemes to those proposed by Professor 
Weinbach had been advocated by others. J. W. Arnold dep- 
recated the fact that a slide rule for cómplex numbers is not 
on the market. "The reason he thought is not so much that the 
demand does not exist, but that engineering opinion has not 
settled upon a particular design as most desirable, 

W. B. Stephenson then presented his paper, Planning Tele- 
phone Exchange Plants. E.N. Widen, commenting on this paper, 
drew attention to the importance of population forecasting in 
planning telephone systems. He said that the principal popu- 
lation-supporting aetivities of à community must be considered 
from a national and even international viewpoint, and that such 
procedure ordinarily leads to less optimistic conclusions than 
those reached by local judgment, but they are more likely to be 
realized. H. R. Fritz elaborated on another point of the paper, 
namely, the zoning of instruments and other equipment. Placing 
the more efficient instruments at the greatest distance from the 
central offices, permits the maximum and most economical use 
of the several sizes of exchange cable without having to abandon 
the use of the less efficient subscriber’s sets. 

Professor R. S. Glasgow then presented his paper, Tuned 
Radio-Frequency Amplifiers. In commenting on the paper, 
Stanley Stokes mentioned that the cutting of side bands might 
not have such a serious effect on broadcast reception because 
probably only a small portion of the waves broadcast have a 
frequency over about 3500 cycles. 

The last feature on the entire program was the lecture on 
Television, by H. E. Ives. Dr. Ives presented an interesting 
account of the development of television apparatus and systems, 
and gave a number of demonstrations with television equipment. 


New York Section Student Convention and 
Annual Meeting 


On Thursday, April 19th, the New York Section will hold its 
regular monthly meeting and third Annual Student Convention. 

The Student Convention, the program for which has been 
arranged entirely by a committee of students, will occupy the 
morning and afternoon of the 19th. Inspection trips for students 
only will take up the morning. During the afternoon repre- 
sentatives of the eight colleges in the Section will present papers 
in competition for the prize of $25 in gold offered by the N. Y. 
Section Executive Committee. Following the afternoon session 
a Student Dinner will be given at the Fraternity Club, 38th St. 
and Madison Ave., New York. An engineer of prominence will 
give a short talk at the dinner. 

The evening session, the regular N. Y. Section meeting, 
will be devoted to a paper on “Some Recent Developments i 
Dial Systems" by Messrs. H. M. Bascom and W. E. Farnham 
of the American Telephone and Telegraph Company. At this 
meeting announcement of the election of N. Y. Section officers 
for 1928-1929 also will be made. 


International Congress on Illumination 


An International Congress on Illumination, to bring together 
the world leaders in the field of lighting from all parts of the 
world, is to be held in the United States in September, 1928. The 
International Congress, which will open on September 7th with a 
tour by the foreign delegates to various American cities, will 
include the Twenty-second Annual Convention of the Illuminat- 
ing Engineering Society at Toronto September 17-20, and close 
with the Eighth Session of the International Commission on 
Illumination, to be held at Saranae Inn., N. Y. from September 
22nd to 28th inclusive. 
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Announcements are now being prepared to be sent to lighting 
experts, university professors and to other prominent engineers 
in the principal countries of the world. 

Arrangements are under the auspices of the Illuminating 
Engineering Society and the U. S. National Committee of the 
International Commission on Illumination. John W. Lieb, 
vice-president and general manager of the New York Edison 
Company and past president is serving as chairman of the 
Reception Committee. Julius Daniels, The Edison Electric 
Illuminating Company of Boston, is chairman of the Executive 
Committee in charge of arrangements. 


World Engineering Congress, Tokio 


At a dinner given in honor of the American Committee at the 
Carlton Hotel, Washington, by the Japanese Ambassador, 
Tsuneo Matsudaria, on the evening of March 22, the Committee 
on American Participation in the Engineering Congress which 
will be held in Tokio in October 1928, was formerly organized. 

The Japanese Ambassador said that both Japan and the Engi- 
neering Society of Japan, under whose auspices the Congress 
in Tokio will be held, were gratified at the interest being shown 
in the coming Congress by engineers in the United States." 

Dr. Elmer A. Sperry, of Brooklyn, who was elected Chairman 
of the American Committee, pointed out that human welfare is 
largely dependent upon the activity of engineers and scientists. 
The coming together of engineers and scientists with the con- 
sequent comparing of data and experiences, Mr. Sperry said, 
will not only advance the world’s engineering status and con- 
tribute to world prosperity, but will simplify production and 
minimize variations particularly if international engineering 
standards are established. . 

The following officers of the Ameriean Committee, whieh will 
arrange for the attendance of & large delegation of American 
engineers at the Congress in Japan, were elected: Honorary 
Chairman, Herbert Hoover; Chairman, Elmer A. Sperry, New 
York; Vice-Chairman and Chairman of the Executive Com- 
mittee, John W. Lieb, New York; Vice-Chairman: C. E. Grunsky 
(Paeifie Coast) San Francisco; C. E. Kettering (Middle West) 
Detroit; Executive Secretary, Maurice Holland. 

Chairmen of committees were appointed as follows: Finance, 
John W. Lieb; Technical Program, D. C. Jackson: Transporta- 
tion, F. B. Jewett; Entertainment, O. C. Merrill; Publicity, 
J. H. McGraw; Promotion and Attendance, George W. Fuller; 
Nominations, Gano Dunn. 

The following members of the Institute, all of whom are in- 
cluded in the membership of the American Committee as ap- 
pointed some months ago by Honorary Chairman Hoover, were 
in attendance: Edward Dean Adams, A. W. Berresford, C. C. 
Chesney, Gano Dunn, Bancroft Gherardi, F. L. Hutchinson, 
D. C. Jackson, A. E. Kennelly, O. C. Merrill, C. W. Rice, 
Charles F. Scott, Elmer A. Sperry, Lewis B. Stillwell, Calvert 

, Townley, William E. Wickenden. 


Digest of Discussion at Winter Convention 
ELECTROPHYSICS AND DIELECTRICS 

Surge Impulse Breakdown of Air, J. J. Torok 

Influence of Internal Vacuua and Ionization on the Life Duration 
of Paper-Insulated, High-Tension Cables, A. Smouroff and 
L. Mashkeileison 

Approximate Solution for Electrical Networks, E. A. Guillemin 

The Boltzmann-Hopkinson Principle of Superposition, F. D. 
Murnaghan 


In discussion the first paper, C. L. Fortescue brought out some 
practical deductions from the results obtained with the sup- 
pressed flashover of spheres. He explained that breakdown is 
not an instantaneous process and how flashover with the steeper 
wave fronts requires more time. He explained how Mr. Torok’s 
data showed that even the sphere-gap has an appreciable time 
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lag, though it is very small. He explained how the voltages 
in surges caused by lightning strokes are not as high as might be 
expected because such a surge is dynamic and divides itself into 
waves. J. A. Duncan suggested that possibly the generation of 
ultra-violet light may assist in breakdown and that this might be 
an explanation of the short time lag. Joseph Slepian said that 
Mr. Torok’s pictures and data prove that the Townsend theory 
of breakdown of spark-gaps apparently fails at atmospheric 
pressures when the speed of breakdown is considered. Accord- 
ing to the Townsend theory, he said, the whole path would first be 
slightly broken down and then more and more intensely, while 
the pictures actually show the path completely broken down in 
part and not at all broken down for the remainder. He stated 
that these pictures suggest that the trail left behind by the 
initiating electron is highly conducting and that possibly at 
atmospheric pressures the multiplication by collision of the 
initiating electron is so rapid and the path is of such small 
section that the passage of this electron with its accompanying 
new electrons is enough to raise the temperature of the path to 
such a high degree that it is thermally ionized and highly con- 
ducting. He was not sure, he said, that the streamers propogate 
from both electrodes. F. W. Peek, Jr., said that Mr. Torok’s 
results checked very closely with the tests and calculations which 
he has made on breakdown. He stated that he has employed 
considerably over 2,000,000 volts and the results at this voltage 
checked very well. He has also checked his former work and 
calculations by means of the DeFour oscillograph and the check 
was very good. In his closing discussion, Mr. Torok pointed out 
that his photographs were made with one single shot of voltage. 
He said that he had considered the suggestion of the effect of 
ultra-violet light but could not find that it could be applied in 
this case from the energy standpoint. 

In discussing the second paper, W. A. Del Mar said that he had 
made experiments that confirm the reports in the paper that 
there is a very definite connection between the pressure and the 
cable life. A number of the discussors pointed out that the tests 
described in the paper had evidently been made on cable which 
was quite inferior to modern American cable. C. L. Dawes and 
W. F. Davidson both pointed out the necessity for thorough 
shielding and stated that there was apparently no shielding of 
that part of the cable sheath used for the test electrodes, which 
might possibly cause an error in the results. Mr. Dawes said 
that the power-factor computations made in the paper appeared to 
be in error and that investigations which he was making showed 
that after the ionization voltage is reached the power loss becomes 
lower on further increase of voltage and thus is not constant. 
E. H. Salter said that some of the pressure measurements might 
contain errors and suggested the use of a solidly connected 
manometer with the lead tube filled with oil and that readings 
be taken by bringing the mereury column always back to the 
same zero point. L. H. Connell questioned the pressure measure- 
ments, pointing out that pressure transfer through or along cable 
insulation is very slow and is a funetion of temperature. He 
said that measurements of power faetor might be too high because 
as the voltage is raised so that it gives greatest power factor, 
poekets of gas which were too small toionize at thelower voltages 
ionize and thus make an increased loss. His experiments, he 
said, indicate that there is no reaction in cable compounds which 
operates to reduce their volume materially. He disagreed with 
the suggestion that chemically stable compounds are a cure for 
vacuum troubles. He disagreed with the supplying of air to 
prevent vacuum formation and claimed that air. must be kept 
out of cables because the most chemically stable oils will oxidize 
in the presence of oxygen, and oxidized oil under such conditions 
is highly acidulous. He stated that oil on the joints of cables of 
- the ordinary type will not prevent vacuum formation 20 ft. 
away under normal load changes. E. S. Lee gave the results of 
some tests which eorroborated the general conclusion that low 
internal pressures give shorter life while high pressures give longer 
life. 
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In discussing the fourth paper, J. B. Whitehead explained 
that it was a mathematical analysis of the relation between 
superposition and Maxwell’s theory of dielectric absorption, 
and stated that the conclusions showed that the principle of 
superposition is valid for the displacement in a layer dielectric 
but for not for the total current. Practically all of the discussors 
agreed that the principle of superposition is valid for elementary 
dielectrics but that it fails for composite dielectrics and for any 
reasonable range of voltage gradient. Dr. Murnaghan stated 
that his paper was not a plea for a favorable view of Maxwell's 
theory of dielectric absorption but was merely a completion of 
the mathematical argument and was, he believed, the first 
solution of the superposition principle for the current as dis- 
tinguished from the displacements in the various layers of the 
dielectric. 

COMMUNICATION 


Transatlantic Telephony—The Technical Problem, by O. B. 
Blackwell. 


Transatlantic Telephony—The Operating Problem, by K. W. 
Waterson. 


Loudspeakers of High-Efficiency and Load Capacity, by C. R. 
Hanna. 


Certain Topics in Telegraph Transmission Theory, by H. Nyquist. 


In commenting on Mr. Hanna’s paper, Harvey Fletcher spoke 
of another type of loud speaker which has been developed, in 
which the driving coil is connected directly to the diaphragm. 
In this speaker, with the form of air chamber employed, it is 
possible to use a larger diaphragm without sacrificing efficieney at 
the high frequencies, thus making it possible to radiate more 
energy at the low frequencies. As commercially produced, this 
speaker has an average efficiency of about 30 per cent. The 
diaphragm, he said, has about one-half the thickness of Mr. 
Hanna's diaphragm and has been found to be free from resonance. 
He also mentioned eertain methods of measuring the absolute 
efficiency of the receiver, which have been employed. A. E. 
Kennelly drew attention to the similarity between the ‘‘acoustic 
circuit” mentioned in this paper and the common electric circuit. 
He urged the adoption of a more convenient nomenclature for 
mechanical and acoustical impedances. W. C. Jones said that 
experience in producing talking motion pictures has shown that a 
single large speaker of the lumped-constant electrodvynamic type 
can be operated without serious distortion at outputs three to four 
times higher than the limiting level of 0.6 watt set by the paper. 
The limiting factors appear to be heating and mechanical 
strength rather than distortion due to air-space phenomena. 
He also stated that with certain cobalt alloys, air-gap densities of 
20,000 gausses are practicable. In closing the discussion, Mr. 
Hanna said that the diaphram dimensions had been selected by 
experience as the most satisfactory. He stated that he believed 
that some resonance does occur in the diaphragm mentioned by 
Mr. Fletcher at frequencies from 3000 to 5000. He stated that 
the spring mounting of the driving coil gives greater load capac- 
ity than the solid structure on account of the greater air cavity 
possible. Another advantage of the compliance method he 
claimed is that for a given field density the efficiency will be 
higher. He pointed out that the field density required to obtain 
equal efficiency in the lower frequency elements is less than 
12,000 gausses, becauses a greater mass of conductor mav be 
used in the moving coil; in the bass unit for example, the field 
strength is about 5000 gausses and the coil which drives the 
diaphragm weighs nearly half a pound. 


CONTROL AND PROTECTIVE EQUIPMENT AND SUBSTATIONS 


Automatic Control of Edison Systems, by O. J. Rotty and E. L. 
Hough. 


Protection of Supervisory Control Lines Against Overvoltage, by 
Edward Beck. 

1926 Lightning Experience on 132-Kv. Transmission Lines, by 
Philip Sporn. 


April 1928 


Vacuum-Tube Synchronizing Equipment, by T. A. E. Belt and N. 
Hoard. 

Use of Condenser-Type Bushing in Synchronizing, by E. E. 
Spracklen, D. E. Marshall and P. O. Langguth. 


In discussing the first paper, Caesar Antoniono said he was very 
enthusiastic about automatic operation, as it has reduced his 
company’s operating costs and made it possible to give better 
service without a prohibitive capital investment. Herman 
Bany called attention to the completeness of the St. Charles 
Street equipment, but pointed out that if the requirements are 
such that simpler equipment will meet them, the simpler method 
should be used. He added also that evidently great confidence 
had been placed in the automatic stations in St. Louis, as it had 
not been considered necessary to employ a standby battery on 
the system. In answering a question, E. L. Hough said that no 
difticulties had been experienced in tying together the 25-cycle 
and 60-cycle systems through the d-c. network, because the two 
a-c. systems are tied together only through the feeders and at 
their nearest points are separated by approximately three 
blocks. H. L. Wallau commented on the excellent service 
which had been obtained in Cleveland from extensive use of 
automatic stations. 


Following the second paper, G. D. Floyd read a discussion by 
C. F. Publow, in which was mentioned a ease of trouble on a 
supervisory circuit resulting in damage to the control wires and 
eable sheath at times of disturbance on the main lines. The 
diseussion stated that since the installation of protective trans- 
former equipment on the supervisory lines in over 114 years of 
service, these lines had been very satisfactorily protected though 
lightning storms had been frequent and there had been a number 
of insulator spill-overs. Chester Lichtenberg pointed out that 
the standards of maintenance on supervisory lines should be 
higher than those ordinarily employed on communication cir- 
cuits. Lightning arresters, he asserted, must be self-restoring; 
that is, they must be capable of discharging without fusing or 
making a permanent connection, as is the case with carbon-block 
arresters used on telephone lines. He claimed that the use of 
pellet-ty pe arresters with high-voltage fuses, at the stations, had 
satisfactorily taken care of lightning, electromagnetic induction, 
and in one instance direct contact with high-voltage lines on an 
extensive carrier-current supervisory system 60 mi. long and 
partly carried on the same poles with 33,000-volt power circuits. 
Caesar Antoniono also warned that supervisory control lines 
should ordinarily be in better condition than telephone lines. 
He said that he believed there is still room for improvement in 
making the supervisory control systems trouble-proof. In 
closing, Mr. Beck stated that it is most desirable to have the 
ground resistance not over a few ohms or a fraction of an ohm. 


In a discussion on Mr. Sporn's paper, A. O. Austin claimed that 
one of the most serious problems for the designer of an insulator 
or transmission line is to prevent the flashover of an insulator 
under oscillating conditions or after the crest of the voltage wave 
has materially decreased. He suggested the use of high-resis- 
tance ground wires as a possible preventive of insulator flashover 
or damage to station equipment from this ''tail" of the voltage 
wave. The high-resistance ground wire or preferably several of 
them, will tend to absorb more of the energy of the wave than 
would be absorbed by a low-resistance wire, and thus reduce the 
transient voltage at a fast rate. He suggested skipping the 
grounding on some of the poles as one method of obtaining this 
higher resistance. In his closing discussion, Mr. Sporn pointed 
out that storm data obtained from the records of one locality 
eannot be applied to another locality where weather conditions 
may be different. In answer to a statement by Mr. Austin, 
he declared that he had obtained a very large number of klydono- 
graph records on a 132-kv. system and had never obtained a 
record of a flashover at 400,000 volts of an insulator string whose 
erest flashover voltage was 1100 kv. In answering one of the 
discussors, he said that he did not believe that at 132,000 volts 
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there is enough effect on the present protective devices to allow 
them to act very greatly in holding back flashovers; that is, 
there is not sufficient grading at 132,000 volts to increase the 
lightning flashover of the insulator string at high voltage, though 
at 220,000 volts this undoubtedly does come into play. 

H. L. Crumley said that his company has had entire satis- 
factory experience with the vacuum-tube synehroseope. He 
stated that his experience showed that impulse voltages had 
caused no damage and that in one case the upper portion of the 
bushing had been split and that synchronizing had been carried 
on satisfactorily after this occurred. 

E. D. Eby showed that the accuracy of the synehroseope is 
only very slightly affected by variation of the shunt resistance, 
the condenser resistance, the presence of external metal struc- 
tures, changes in the external leakage resistance of the bushing 
or varying temperature. He also remarked on the high safety 
factor of the device. Philip Sporn pointed out the relative 
economy of using the synchronizing equipment discussed in the 
last two papers, and said that in his opinion the straight condenser 
method is apparently simpler but it appears that the vacuum- 
tube method has more than enough other advantage to com- 
pensate. He stated that in a certain 132,000-volt switching 
station, he had occasion to synchronize six circuits against 
either one of two busses. The cost of doing this by the vacuum- 
tube arrangement was approximately $8400, while the estimated 
cost for accomplishing the same thing by standard 132,000-volt 
potential transformers was $34,000. Mr. Langguth enumerated 
four general uses of the condenser-ty pe bushing, which were as 
follows: (1) with a synchroscope for synchronizing high-tension 
lines, even of different voltages; (2) operation of frequeney 
meters; (3) use with voltmeters for indicating the presence and 
approximate value of voltage on a line; (4) application for pro- 
tection of systems against faults between phases and from phase 
to ground, the last use, however, being still in somewhat of a 
development stage. 


Arc WELDING 


Effects of Surface Materials on Metallic Arc Welding Electrodes, 
by J. B. Green. 

Arc-Welding-Influence of Surrounding Atmosphere on the Are, 
by P. Alexander. i 

Arc-Welded Structures and Bridges, by A. M. Candy. 

Welding and Manufacturing of Large Electrical Apparatus, by 
A. P. Wood. 


In answering several questions on his paper, Mr. Green stated 
that the electrodes shown in his illustrations were 3;16 in. in 
diameter and that the currents were about 150 amperes. Low 
currents were used in order that the melting rate of the electrode 
might be slow, which would allow more satisfactory taking of the 
pictures. He said that the flux materials employed were used 
only for demonstrating certain phenomena and that they were too 
expensive and otherwise unsuitable for practical use. He ex- 
plained that the eratic behavior of some of the arcs was due to the 
relative resistances of the possible paths between the electrodes 
and the deposited metal. A constant potential with a large 
ballast resistance was employed in the demonstrations. He 
stated that in his opinion fluxes are used in gas welding largely to 
dissolve the oxide, while in electric welding the function of the 
fluxes is one of arc-heat distribution. 

' Dr. Elihu Thomson gave a brief summary of the points in Mr. 
Alexander's paper, explaining that the phenomena of welding 
must be studied from both the chemical standpoint and the 
thermodynamic standpoint. Eugene Herzog disagreed with 
the author on one point, namely, the application of Langmuir’s 
dissociation theory to carbon monoxide. He said that it did not 
seem logical to assume that the fact of no energy absorption 
would explain the stabilizing influence of carbon monoxide on 
the are. Mr. Alexander said that the absence of absorption of 
energy does not explain the stabilizing properties of carbon 
monoxide; it explains only why, in spite of the observed disso- 
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ciation of a certain amount of carbon monoxide, the arc core is 
not cooled by this reaction. He stated that the development of 
the shielded arc process is still going on though this process 
has not been commercialized. In experimental work, he said, 
atomic hydrogen had been used for welding plates 2 in. thick, but 
in practical work thicknesses of over lí in. are not usually 
recommended. He said he believed that welds made with this 
process should resist corrosion better than the ordinary type of 
weld. 

J. W. Owens, commenting on Mr. Candy’s paper, denied that 
there is any advantage in possible slippage of riveted joints, as is 
claimed bv some advocates of riveting. Once a riveted joint 
starts to slip, unbalanced stresses may be set up iu other parts of 
& strueture, which stresses have not been provided for in the 
design. He predicted that in the near future, perhaps the next 
ten or fifteen vears, ships will be completely welded. He stated 
that the largest ship built in America, the California, has all 
her pillars welded at top and bottom, and that practically all 
parts of the inside of ships are now being successfully welded. 
A. P. Wood advoeated the use of automatic welding wherever 
possible. He pointed out that his company had found that a 
very large saving had been affected in welding wire by employing 
the automatic process, because in hand-welding the operators 
usually throw away a considerable length of the electrode 

In discussing Mr. Wood’s paper, F. D. Newbury emphasized 
the fundamental importance of the change in machinery con- 
struction brought about by the use of welding. To take ad- 
vantage of the new construction, he said, the structure must be 
designed for welding rather than for casting. The new method, 
-he stated, is particularly applicable to special designs of larger 
machines that are seldom duplicated. For some large machines, 
he said. the base plate can be made in less time and for less 
money than the pattern for a cast base plate would cost. B. L. 
Barns pointed out that a very important advantage of welded 
construction is the greater freedom of the design in using dimen- 
sions and proportions best suited for the electrical characteristics 
that are desired. Another advantage, he mentioned, is that there 
is little reduction in delays in manufacture due to defective 
castings. 


Engineers’ Memorial at Louvain 


The 48-bell carillon and the clock with the 48 “gold” stars 
are being produced rapidly. The tower of the new Louvain 
Library is ready to receive them for the engineers of the United 
States as their reminder of their fellows who died in the Great 
War. The carillon will have several novel features, including 
eleetropneumatie devices to assist the player. The clock dials 
were modelled by Rene Chambellan of New York, a former 
member of the llth Engineers, as a tribute to his comrades. 
The King and the Queen of the Belgians will preside at the 
dedication next Fourth of July. Mr. Josef Denyn, most noted 
of the earillonneurs of Belgium, has composed the quarter-chime 
tunes for the clock and bells, in response to a special request 
from the Committee on War Memorial to American Engineers. 
He will give a recital on the new carillon in connection with the 
dedication. Throughout the centuries to come these memorials 
will proclaim American goodwill to Europe through the sweet 
tones of the skillfully tuned bells. 

The Institute has appointed as its official representatives to 
attend the dedication of the Louvain Memorial on July 4, 1928, 
and Edward Dean Adams, Dr. M. I. Pupin, Dr. John W. Lieb, 
Dr. Dr. William H. Onken, Jr. 


Research Fellow Appointments at Wisconsin 


Two research fellowships in engineering are to be appointed 
on April 30 by the University of Wisconsin. Candidates must be 
graduates of engineering colleges of recognized standing, and, 
preferably, should have had one or two years of graduate study, 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


of teaching, or of engineering experience. Applications will be 
received up to April 15. Information and application blanks 
can be obtained from Dean F. E. Turneaure, College of Engineer- 
ing, Madison, Wisconsin. 

The appointments will be for a period of two years, subject to 
satisfaetory service, and the salary will be $900 for the first year 
and $1100 for the second year. A Fellow will be expected to 
devote not less than half time to assigned researeh in the College 
of Engineering, but will be given an opportunity to complete 
the requirements for & master's degree within the two-year 
period. The period of service will be the usual academic year, 
including the short vacations. 


Cooper Union Offers Honor Courses for 
Engineers 

Dean F. M. Hartmann, announces that honor courses for stu- 
dents of unusual ability will be given in the Institute of Tech- 
nology at Cooper Union, beginning with the school term of 
1928-29. Four-year courses in civil engineering, electrical en- 
gineering, mechanical engineering, and chemical engineering 
are offered free. 

“This inauguration," Dean Hartmann explains, ‘‘will permit 
the student who has proved himself capable especially in his jun- 
ior year, to select at the beginning of his senior year, in addition 
to his regular schedule, some special topic for survey and study. 

“To be permitted to take an honors course, the student must 
have made an average grade in the sophomore year of not less 
than eighty per cent, and in the junior year grades of ‘A’ in the 
subjects directly related to the topic he has chosen. There must 
be an average of not less than eighty-five per cent in the re- 
mainder of his subjects.” | 


Teaching Fellowships in Electrical 
Engineering University of Minnesota 


Three teaching fellowships, paying $750 per college year, 
are offered by the University of Minnesota for the year 1928-29 
to graduate electrical engineers. These positions require half- 
time in instruction and assistant work, thus permitting a Mas- 
ter’s degree to be obtained in two years. The appointments 
are made for one year with the expectation of continuing the 
second year if satisfactory. 

Research problems in power, communications, illumination, 
measurements, ete., are available. 

Those interested should send complete information, including 
references, photograph, personal data, and desired research 
subject to the Electrical Engineering Department, University of 
Minnesota, Minneapolis, Minnesota. 


Members Going Abroad 


Members of the Institute who contemplate visiting foreign 
countries are reminded that since 1912 the Institute has had 
reciprocal arrangements with a number of foreign engineering 
societies for the exchange of visiting member privileges, which 
entitle members of the Institute while abroad to membership 
privileges in these societies for a period of three months and 
members of foreign societies visiting the United States to the 
privileges of Institute membership for a like period of time, upon 
presentation of proper credentials. A form of certificate which 
serves as credentials from the Institute to the foreign societies 
for the use of Institute members desiring to avail themselves 
of these exchange privileges may be obtained upon application 
to Institute headquarters, New York. 

The societies with which these reciprocal arrangements have 
been established and are stillin effect are: Institution of Electrical 
Engineers (Great Britain), Societe Francaise des Electriciens 
(France), Association Suisse des Eleetrieiens (Switzerland), Asso- 
eiazione Elettroteeniea Italiana (Italy), Koninklijk Instituut van 
Ingenieurs (Holland), Verband Deutscher Elektrotechniker E. V. 
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(Germany), Denki Gakkwai (Japan), Norsk Elektroteknisk 
Forening (Norway), Elektrotechnicky Svaz  Ceskoslovensky 
(Czechoslovakia), and The Institution of Engineers, Australia 
(Australia). 


Appointment for Engineering Foundation 

Engineering Foundation announces that at the meeting of the 
Board of Trustees of United Engineering Society on 22nd March, 
Mr. Herbert Hoover was appointed a member of the Endowment 
Committ ee for Engineering Foundation and Engineering Societies 
Library, and its Executive Sub-Committee. 

Mr. Hoover who is a Past-President of American Institute of 
Mining and Metallurgical Engineers, Honorary member of 
American Society of Civil Engineers, and a member of the 
American Society of Mechanical Engineers, will assist in investi- 
gating the many problems in applied science outside the fields of 
activities of industrial and governmental research laboratories 
which are brought to the engineering societies and their 
Foundation. 


Ohio State Fellowship 


The Ohio State University announces the Stillman W. 
Robinson fellowship having an annual value of $750, for graduate 
study and research in electrical, mechanical, or civil engineering. 
Further information may be obtained from the Dean of the 
Graduate School, Ohio State University, Columbus, Ohio. 
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SOCIETY TRUST FUNDS 

Members of the Founder Societies will be interested to know 
how well the joint trust funds of the Societies are administered 
by United Engineering Society. A report of a review and 
analvsis of seeurities made 9th February by The Farmers' 
Loan and Trust Company, gives this information. This trust 
company is one of the oldest and most conservative in New York. 
The report covers the endowment funds for Engineering Societies 
Library, Engineering Foundation and John Fritz Medal, and *he 
Depreciation and Renewal fund for Engineering Societie. 
Building. In round figures, these funds severally total 

Engineering Societies Library............... $160,000 


Engineering Foundation................... 610,000 
John Fritz Medal......................... 3,900 
Depreciation and Renewal Fund for building.. 210,000 
General Reserve........... 0... e eee 10,000 


The present total market value nearly equals the par value and 
is substantially in excess of the book value, or cost. 

The report states: ‘‘The indicated direct return is 4.92 per cent 
which seems quite satisfactory considering the high character of 
the securities held. In this connection, it is interesting to note 
that among all the bonds represented, there are only two to 
which Moody assigns a rating lower than “A” and only three 
which are rated “A”, the remainder being all “AA” or better. 
The diversitication appears to be good, as the largest single item 
which consists of $90,000 par Interboro Rapid Transit Ist and 
refunding 5’s of 1966, is less than 1/10 of the total par value 
of the account and their market value is only about 1/15 of the 
total market value. 

In general, it is our feeling that the Society is to be congratu- 
lated upon the fine character of its investments.”’ 

This evidence of competency to manage funds should be re- 
assuring to persons in position to make additions to the endow- 
ments of the Library and Engineering Foundation. 


ANOTHER BEQUEST 


The United Engineering Society has just received a bequest 
of $1000 through the will of the late Oberlin Smith, president of 
the American Society of Mechanical Engineers in 1890. Mr. 
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Smith founded the Ferracute Machine Company, Engineers, 
Bridgeton, N. J. and was its head. He invented and designed 
most of its products, consisting of some automatic machinery, 
but chiefly presses and dies for stamping and otherwise treating 
metals of all sorts. He invented and patented more than 50 
devices in a variety of engineering work. He wrote and pub- 
lished "Press Working of Metals," also numerous lectures, 
scientific articles, and a semi-scientific and semi-theological 
essay entitled “The Material, Why Not Immortal?" He was 
at various times a member of the American Societies of Civil, 
Mining, Mechanical, and Electrical Engineers. 


Italian National Research Council 


On account of the necessity of coordinating and regulating 
scientific research in Italy, Premier Mussolini directed a message 
to Senatore Guglielmo Marconi, on January 1, 1928, inviting 
him to assume the Presidency of a Committee for the reorgani- 
zation of the Italian National Research Council, and outlining 
some of the principal objectives by which the activities of the 
Council should be guided. 

A National Research Council has been in existence since 1921, 
but it is being reorganized in order to provide for more effective 
technical progress in Italy and closer contact with such progress 
in other countries. 


A. I. E. E. Year Book 


The 1928 issue of the Institute's Year Book is ready for dis- 
tribution and may be obtained upon applieation at head- 
quarters. 'The book contains both alphabetieal and geographical 
eataloging of Institute members, revised to January 1, 1928, 
together with eopy of By-Laws, Constitution, list of offices, 
list of committees, and other information pertinent to Institute 
activities. 
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MAftUTHIMIUNII 


JAMES R. WERTH has been appointed head of the New Business 
Division of the Florida Power & Light Company, Miami, Fla. 

Mr. Leo CasTELLINO, who came to America tostudy American 
methods of manufacture and production, is going to England 
where he will be for some time before returning to Bombay, India. 
Mr. Castellino is identified with the Stone & Webster Company 
of Boston and has been an Associate of the Institute since 1925. 

R. W. ApAMs, local manager of the General Electric Co. for 
Rhode Island and Eastern Connecticut, has been given new re- 
sponsibilities in his appointment as head of the Central Station 
Department for the New England district of the company. 
Mr. Adams has been engaged in engineering all his life. He 
joined the Institute in 1906. 

Dovucras F. Miner has recently been appointed manager of 
Material and Process Engineering Department of the Westing- 
house Electric and Manufacturing Company. Mr. Miner was 
first employed by the company in 1919 as an assistant to section 
engineer of the Electrical Section. Since 1920 he has served in 
the capacity of section engineer of the Experimental Section of 
Material and Process Engineering Department. 

Mr. Miner has been a member of the Institute since 1921 and 
has spoken before this body and other engineering groups on 
the subject high-voltage tests; also he has prepared several articles 
concerning high-voltage tests and high-voltage laboratory equip- 
ment, which were published in A. I. E. E. Journau, Electric 
Journal, and Electrical World. 


Obituary 


Robert Miller, District manager of the General Electric 
Company, Denver, Colorado, a member of the A. I. E. E. Denver 
Section and an Associate of the Institute since 1921, died 
January 5 on the eve of his 48th birthday. 
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Mr. Miller was born at Baldwinsville, N. Y., was graduated 
from the Amsterdam High School and was about to enter Cornell 
University when his father’s death occurred, compelling him to 
change his plans. He became inventory clerk at Schenectady 
but with rapid progressional transfer from drafting department 
to division leader of induction motor design and then to the 
Standardizing Laboratory, in 1911 he was advanced to the posi- 
tion of manager of the Salt Lake City Office of the General 
Electric Company. He was a publie spirited man, a member of 
many of the local clubs and of the Denver Chamber of Commerce. 
He had a faculty for clear thinking, and an analytical mind with 
strong determination for fair dealing. His record is one of 
valuable contribution to the engineering world. 


Engineering Index Service 


Of great interest to engineers is the announcement of the 
Weekly Engineering Index Service supplied by the American 
Society of Mechanical Engineers. This is an extension of the 
old Engineering Index which has been of such immense value to 
members of the profession for the past 44 years. 


By this service, material received by the United Engineering 
Societies is reviewed by a staff of editors qualified by practical 
field experience, classified under one of the thirteen subject 
headings in which the different phases of engineering interest 
are listed, printed on index cards convenient for filing, and sent 
each week to subscribers. 

The classification “Electrical,” is sub-divided as follows: 

5. Electrical: A. Communication,—Telephone, telegraph, 
radio, television, burglar and fire alarm, ete. B. Industrial 
Applications—Furnaces, heating, welding, etc. (exclusive of 3F) 


PULL 


Future Section Meetings 
Cleveland 
Interconnection of Power Systems, by Philip Sporn, Elec. Engr., 
American Gas and Electric Co. April 19. 
Annual Meeting. Speaker: Pres. Bancroft Gherardi, Vice- 
President and Chief Engr., American Tel. & Tel. Co. (National 
President, A. I. E. E.) May 24. 


Columbus 
Joint meeting and smoker with O. S. U. Braneh. April 27. 
Household Electrical Engineering, by G. W. Alder, Consulting 
Engineer, Good Housekeeping Institute. Annual Meeting. 
Election of officers. Ladies are invited to this meeting, which 
will be preceded by a dinner. May 25. 


Erie 

Use of Mechanical Ideas in Electricity, by W. S. Franklin, 
Massachesetts Institute of Technology. April 17. 

Modern Reproduction of Sound, by L. T. Robinson, General 
Engineering Laboratory, General Electric Co. May 15. 

New York 

Dramatization of Machine Switching, by W. E. Farnham and 
H. M. Bascom, American Tel. & Tel. Co. Announcement of 
election of New York Section officers for 1928-1929. In the 
afternoon the New York Section Student Convention will be 
held. Competition for prizes. April 19. 

Niagara Frontier 

System Insulation and Protection, by C. L. Fortescue, West- 
inghouse Electric & Mfg. Co. April 20. 

Electrification of the Cement Industry, by J. A. Zook, Chief 
Engr., Great Lakes Portland Cement Co. of Buffalo. May 18. 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


C. Instruments &nd Meters. D. Power Plants and Distri- 
bution—Equipment, hydro-electric, transformers, transmission 
lines, etc. E. Theory and Design. F. Electrical Machinery, 
Apparatus and Supplies—Generators, motors, wiring, switches, 
ete. G. Hlumination—Street, buildings, mines, ships, trains, 
ete. (electric only). M.  Miseellaneous— Other electrical engi- 
heering subjects not otherwise classified. 


Full information concerning this service, which is supplied 
practically at cost together with sample index cards may be 
obtained by addressing Major Carlos de Zafra, director, the 
Engineering Index Service, 29 West 39th Street, New York, N. Y. 


Addresses Wanted 


A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Anyone knowing the 
present address of any of these members is requested to communi- 
eate with the Secretary at 33 West 39th St., New York. 


All members are urged to notify the Institute Headquarters 
promptly of any changes in mailing or business address, thus 
relieving the member of needless annoyance and also assuring the 
prompt delivery of Institute mail, the accuracy of our mailing 
records, and the elimination of unnecessary expense for postage 
and clerical work. 

A. E. Baraker, 916 Southern Blvd., New York, N. Y. 

Charles B. Bennett, 917 S. Sarah St., St. Louis, Mo. 

Vincent P. Cronin, 141 E. 32nd St., New York, N. Y. 

Charles Ewing, 1411 S. 4th St., Louisville, Ky. 

Albert S. Walton, 113 Gainsboro St., Boston, Mass. 

H. W. Forman, Jr., The Western Colo. Pr. Co., Silverton, Colo. 
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Pittsburgh 


Arc Phenomena, by Dr. Joseph Slepian, Westinghouse Elec- 
trie & Mfg. Co. April 10. 

Household Electrical Engineering, by G. W. Alder, Consulting 
Engr., Good Housekeeping Institute. Dinner Meeting, to 
which the ladies are invited. May 8. 


St. Louis 


Arc Welding, by K. L. Hansen, Consulting Engr., April 18. 
Influence of Iron Saturation on the Operation Characteristics of 
Transformers, by H. Weischel, Wagner Electric Corp. May 16. 


Sharon 


Lecture on Television. May 1. 


PAST SECTION MEETINGS 


Boston 
Up-To-Date Protection of Lines and Power-Station Apparatus, by 
K. B. MeEaehron, General Electric Co. February 9. 
Attendance 175. 
The Budget System of the Commonwealth of Massachusetts and 
Some of Its Results, by Hon. Wellington Wells. President, 
Senate of the General Court of the Commonwealth. Lunch- 
eon meeting. March 12. Attendance 321. 


Columbus 


Status of Heavy Electrical Machinery Design, by F. D. Newbury, 
Westinghouse Electric & Mfg. Co. Motion picture, entitled 
"From Coal to Electricity,” was shown. Joint with 
A.S.M. E. February 24. Attendance 50. 


Detroit-Ann Arbor 


Electricity in Modern Office Buildings, by Geo. Wagschal, Con- 
sulting Elec. Engr. February 28. Attendance 65. 
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Cincinnati 
ay H Él, of the Cincinnati Street Railway System, by Col. 
P. oepf, Consulting Traetion Engr.; H. L. Swift, and 


E. W. Peters, General Electric Co. February 99. Attten- 


dance 99. 
Cleveland 
Power-Plant Development, by C. F. Hirshfeld, Detroit Edison 


5 Joint with A. S. M. E. February 16. Attendance 
Denver 
Dinner and Social. February 14. Attendance 80. 
Erie 


Recent Developments in Aeroplane Engines, by A. Nott, Curtis 
Aeroplane Co. Illustrated with moving pictures and slides. 
February 14. Attendance 150. 


Ithaca 


Underground Cables and Dielectrics, by Herman Halperin, 
Commonwealth Edison Co. February 24. Attendance 42. 


Kansas City ' 


Electricity in Transportation, by R. H. Parker, General Electric 
Co. February 13. Attendance 50. 


Los Angeles 


Activities and Possibilities of Student Branches of the A. I. E. E., 
by Lester Bateman, student; 


Study of Vocal Music by the Oscillograph Record, by James Henry 
and Russell Graves, students; 


Study of a 250-Mile Artificial Transmission Line, by Lloyd 
Swedlund, student; 


Measurement of Potential Across Separating Switch Contacts, by 
Hugh Hamilton, student, and 


The Faradoid Effect for Insulators, by W. A. Lewis, student. 
G. H. Barnes, Chairman, Board of Governors, Ameriean 
Green Cross, spoke on the work of the American Green Cross 
and the need of reforestation. The meeting then adjourned 
to the 1,000,000-volt laboratory of California Institute of 
Technology, where a demonstration of high-voltage ares 
was made. Joint meeting with University of Southern 
California and California Institute of Technology Branches. 
A dinner preceded the meeting. March6. Attendance 272. 


Louisville 
Some Features in the Design of Insulators, by A. H. Burnham, 
Locke Insulator Corporation. February 14. Attendance 12. 
Lynn 


Inspection trip to the South Boston Dry Dock to inspect the 
airplane carrier Lexington. February ll. Attendance 210. 


Problems and Results from Interconnection in the Southeastern 
States, bv W. E. Mitchell, Georgia Power Co. Illustrated 
with slides. February 13. Attendance 90. 


Mechanical Aspects of Supercharger Development, by S. R. Puffer, 
General Eleetrie Co.; 


Theoretical Aspects of Super charger, by C. W. Smith, General 
Electric Co., and 


A New High-Temperature Thermocouple, by H. Abrams. Illus- 
trated with slides and models. February 29. Attendance 40. 


The National Park System, by Randall Jones. Ladies’ Night. 
March 7. Attendance 850. 


Madison 


Latest Inventions of the Bell Telephone Laboratories, by S. P. 
Grace. A dinner preceded the meeting. February 10. 
Attendance 400. 


Milwaukee 


Detroit Edison Power-Plant Problems, by Alex Dow, President, 
Detroit Edison Co. A dinner preceded the meeting. 
February 15. Attendance 80. 

Minnesota 
d Correction, by W. H. Feldmann, Electric Machinery 
o., an 


Static Condensers for Power-Faclor Improvement, by A. P. Bor- 
deau, Electric Machinery Co. February 2. Attendance 70. 
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Niagara Frontier 


Latest Developments of Welding, by C. L. Ipsen, General Electric 
Co. Illustrated with slides. February 10. Attendance 125. 


Oklahoma 


Oil Field Electrification, by W. F. Barnes, Westinghouse Eleotrio 
& Mfg. Co., and R. L. Middleton, General Electric Co. 
February 15. Attendance 107. 


Philadelphia 


Production and Utilization of High-Voltage X-Rays, by Q. 
Failla. Illustrated with slides. A dinner preceded the 
meeting. February 13. Attendance 100. 


Pittsburgh 


The Engineer in Industry, by W. S. Rugg, Westinghouse Electric 
& Mfg. Co. Motion picture, entitled White Coal," was 
shown. February 14. Attendance 180. 


Pittsfield 


The Personalities of Heaviside and Steinmetz, by Dr. E. J. Berg, 
Union University. February 21. Attendance 150. 


Conditions in China, by Dr. Tehyi Hsieh. March. 6. Atten- 
dance 500. 
Portland 


The Application of Research to the Problems of the Bell System, by 
Dr. E. B. Craft. January 18. Attendance 130. 


New Rogue River Power Plant, by P. O. Crawford, California, 
Oregon Power Co. February 10. Attendance 120. 


Social Meeting. February 15. Attendance 125. 


San Francisco 


Voltage and Power Factor Control of Interconnected Power Systems, 
by L. F. Blume, General Electric Co. Dinner preceded the 
meeting. February 24. Attendance 72. 


Schenectady 


Engineering Problems in the Development of State and National 
Parks, by Major W. A. Welch, Palisades Interstate Park 
Commission. February 24. Attendance 75. 


What is Happening in Italy, by Dr. Vincenzo Nitti, lecturer. 
March 2. Attendance 300. 


Seattle 
Correction of Power Factor on the Distribution System, by W. S. 
Hill, Grays Harbor Railway and Light Co. February 21. 
Attendance 77. 
Sharon 


New Developments in Supervisory Control, by R. J. Wensley, 
Westinghouse Electric & Mfg. Co. Illustrated with slides. 
POQORS NOH of the Televox. February 7. Attendance 


Elements of Vector Analysis for the Mechanical and Electrical 
Engineer, by V. Karapetoff. In the evening Professor 
Karapetoff gave a piano lecture recital. February 25. 
Attendance 342. 

Springfield 

The Diesel-Electric Locomotive, by D. C. Hershberger, Westing- 

house Electric & Mfg. Co. February 20. Attendance 57. 


Syracuse 


The Rising Tide of Radio, by Dr. Alfred Morton, Radio Corpora- 
tion of America. February 27. Attendance 211. 


Toledo 
Recent Developments in Astronomy, by J. B. Brandenberry, 
. Toledo University. February 24. Attendance 32. 
Toronto 


John Murphy, Dept. of Railways and Canals, Ottawa, gave 
a talk on his trip to Italy in 1924. January 27. Atten- 
dance 60. 


Vancouver 
Vector Diagrams, by Dr. H. Vickers, University of British 
Columbia. March 6. Attendance 24. 
Worcester 


System Stability, by H. R. Stewart, Westinghouse Electric & 
Mfg. Co. February 29. Attendance 45. 
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WHY STUDENT BRANCHES? 
By M. P. WEINBACH 
Counselor, University of Missouri Branch 


The fundamental answer to this question, “Why Student 
Branches?”, was given twenty-six years ago by Dr. C. F. Scott 
when, in his inaugural address as President of the Institute, he 
said that ‘‘The electrical industry of the future depends upon the 
college student of today," and that ‘‘The principal purpose in 
bringing the work of the Institute to the student is to enable 
him to keep in touch with actual things, and give him an idea 
of the kinds of work which lie before him, and for which he is 
preparing.” 

What Dr, Scott said, twenty-six years ago, is just as true now 
asit was then. He said it then with the definite purpose in view 
of inducing the Institute to establish Student Branches in those 
technical schools of higher rank in which electrical engineering 
was taught. I repeat his words today when nearly a hundred 
Student Branches are definitely affiliated with our National 
Society, the American Institute of Electrical Engineers. The 
Institute, in carrying out the suggestion of Dr. Scott by providing 
for Student Branches, ‘‘self-exciting centers of electrical activity” 
as he called them, is now actually giving to students of electrical 
engineering the great opportunity of gaining a perspective of 
engineering, and of its manifold problems that cannot be ob- 
tained in routine class-room work. 


It is generally admitted that all future progress in the appli- 
cation of the physical sciences to the needs or pleasures of man 
depends upon the young generation in the technical colleges. 
The fact is never disputed that to insure a continuous and un- 
broken progress, it is absolutely essential that this coming genera- 
tion of young engineers enter the field of activity properly fitted 

for the work and for the responsibilities demanded by doing the 
work right. 


It is also fully conceded that engineering colleges cannot, and 
are not prepared to, turn out fully equipped, experienced engi- 
neers, capable of handling projects or of solving engineering 
problems of any degree of magnitude. The time that the student 
can spend in school is too short, and, moreover, the means of 
giving practical experience is frequently not available. All that 
the college can do is to attempt to give the student a thorough 
understanding of the fundamental principles of electrical engi- 
neering and allied sciences, and some knowledge of various 
methods of dealing with and solving engineering problems, 
so he will be prepared, in some measure, to learn in an efficient 
manner the practical work after graduation. 


The very nature of the professional work of the electrical 
engineer demands an intimate knowledge of the theory before he 
can appreciate the many special problems met with in the design 
and construction of electrical machinery, or in the generation, 
transmission, distribution and utilization of electrical energy. 
What is aimed at, in other words, in present engineering educa- 
tion, is primarily to give the student a good start, and instil in 
him the desire to learn and to continue to learn. 


The A. I. E. E. Student Branch as an adjunct to an engineering 
college is, and should be, a most efficient means in realizing this 
program of educating the young engineer. It should help 
successfully in cultivating in the student the habit of reading 
current technical literature, in order that he may present either 
original, or abstracts of, technical papers at branch meetings, 
and take part in the discussion of such papers. It is through 
these essential activities of the Student Branch, that the ‘‘would 
be" electrical engineer should get acquainted with and obtain 
information on topics, problems, appliances, and methods, 


which, for lack of time, cannot be and, as a rule, are not touched 
upon in the class room. 

Our social, industrial, and economic life is so complicated now 
that each individual human unit is an integral part of an organi- 
zation with a definite function which must be performed right 
and in harmony with those of others. No engineering project 
of any magnitude can be carried out by a single individual. 
Such a project involves, generally, the originator of the idea; the 
designer and his staff; the constructor and his assistants; the 
operator and his helpers. Many interests are involved. There 
must be co-operation and adaptations to define conditions, in- 
dustrial or commercial, in order that the ultimate and desired 
result may be attained. Where can the technical student, the 
would-be engineer, get the information he will need, when, out 
of college, he finds himself a working unit, however unimportant. 
in such an organization? | 

In the A. I. E. E. Branch meetings the technical student dis- 
covers that the engineer is not always surrounded by charts, 
graphs, slide rules, or tables of integrals, but is frequently en- 
gaged in managing, eonstrueting, or directing, and has definite 
obligations and great responsibilities. The serious minded 
technical student soon finds that he must cultivate a sense of 
responsibility, and acquire the necessary characteristics upon 
which to build his future activities. 

The A. I. E. E. Student Branch should be a most excellent 
laboratory in which the technical student learns of the qualifica- 
tions he must acquire, not only to get a job, but to hold it, and 
grow with it. The A. I. E. E. Branch should promote a better 
and more sympathetic understanding of the men we work with, 
the value of co-operation and solidarity in a common under- 
taking. It is through the Institute Student Branch that the 
engineering student should get acquainted with practical view 
points, methods, thought, and spirit of the leading members of 
our profession. It brings the engineering student into contact 
with those who shape the sentiment and policies of the profes- 
sion; it brings him into contact with the practical engineer. 

One of the many personal characteristics of students in which 
the industries employing our graduates are most interested, is 
leadership ability. Look over carefully the application blanks 
of the General Electric Company and of the Westinghouse 
Electric and Manufacturing Company. They desire to know 
whether the young man they expect to employ has the intellectual 
qualities that would fit him, ultimately, for an executive; that 
would fit him to shoulder the burdens of responsible affairs; 
that would fit him to be resourceful and daring, and judicious; that 
would fit him to accomplish things. They want to know whether 
the student whom they expect to employ is original, thorough in 
his work, and endowed with that particular mental quality 
called initiative. Obviously, we cannot expect that all these 
characteristics will be possessed by all out students, or by any 
in a very marked degree. With some of these qualities we may 
be born, and all of them may be more or less cultivated and 
developed. With many of our students they are latent and must 
be stimulated, encouraged, and carefully nurtured. 

Not only do the industries make a careful selection of the 
students who possess, in some degree, leadership qualifications, 
which I have just mentioned, but a mentally sound and ambitious 
student actually expects to be some day a leader in the profes- 
sion, to direet larger operations, develop new enterprises, super- 
vise large constructions, solve difficult problems, and decide 
important questions. To be sure, we teachers attempt to stimu- 
late and encourage such dormant abilities as we may observe in 
our students, but we naturally expect the student himself to do 
his best toward their developemnt and growth. 
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The A. I. E. E. Student Branch is, to my mind, a most fit 
training field for the development of these qualities. By his 
participation in programs, the would-be electrical engineer 
learns to stand before an audience; learns to present convincingly, 
and concisely, and clearly his ideas without the usual self- 
conscious manner so often noticeable in our elass-rooms. There, 
he has the opportunity to exercise his critical faculty and strength 
of character without restraint or embarrassment. At the 
A. I. E. E. Student Branch meetings the young technical student 
learns, not only of what is being done, but also, in some degree, 
how things are done. For, in the very nature of their organiza- 
tion, the A. I. E. E. Student Branches do, and should earry on, 
though in & smaller and quite restricted degrée, activities similar 
in scope to those which the Institute as a whole is engaged in. 

Even a casual scrutiny of the activities and achievements of 
the Institute, since its foundation, would reveal that the unparal- 
leled advance in our profession, as viewed from every angle, is 
almost entirely due to the spirit of co-operation that the Institute 
fostered, stimulated, and encouraged, and which dominated it 
in all its activities. The Institute has given the electrical engi- 
neer ideals to strive for, and a code of ethics to abide by. It has 
not only promoted the interest of the profession, but greatly 
elevated its standard. 

The A. I. E. E. Student Branch is the connecting link between 
the technical college and the profession. It is through the 
Student Branch that the student is given the opportunity to 
learn, not only of the function of the profession in its many and 
ever increasing ramifications, but its duties to society, its ethics, 
something of its past achievements, and established traditions. 
It is through the Institute Student Branch that the technical 
student, by his association with others, learns that to attain 
some degree of success he must think of himself as an integral 
part of the profession, as well as of the community that he is 
expected to serve; it is through his activities in the Branch that 
the student acquires that indefinable, but often intensely felt, 
something called professional or civic spirit. 

The A. I. E. E. Student Branch brings about friendship among 
students whose interests are not only similar, but decidedly 
common. It brings about a closer contact between electrical 
engineering students of one institution and those of others, if 
not of the whole country, at least with those in the same Geo- 
graphical District of the Institute. What other agency could 
have brought us together today to talk over matters of common 
interest, or to help one another by our individual experiences? 

Why Student Branches? Why this definite and constructive 
policy on the part of the American Institute of Electrical Engi- 
neers to interest itself in the training of its future members 
through their enrolment while students, and the guiding of the 
functioning of the Student Branches? In the words of Dr. 
Scott, of twenty-six years ago, because “The electrical industry 
of the future depends upon the college student of today.”’ 


NORTH EASTERN DISTRICT TO HOLD STUDENT CONFERENCE 
AND CONVENTION 


Extensive plans have been made for a conference on Student 
Activities and a Student Technical Session which are to be held 
on Friday morning May 11, 1928, in connection with the Regional 
Meeting of the North Eastern District (No. 1), at New Haven, 
Conn., May 9-12. 

The conference will include a number of talks on various phases 
of Branch activities by students and faculty members, and a 
general discussion of student activities. About six papers on 
technical subjects will be presented by students in the technical 
session which will be held immediately after the Conference. 
A luncheon meeting of Counselors and Branch Chairmen will 
follow the technical session. 

In planning the program for Friday and Saturday, the Com- 
mittee has purposely made it possible for engineers and students 
to attend each other’s technical sessions and to share in an 
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inspection trip, with the hope that each group will learn more of 
what the other is doing. 


CONFERENCE ON STUDENT ACTIVITIES IN DISTRICT NO. 6 


The second Annual Conference on Student Activities of the 
North Central District No. 6 was held at the University of 
Nebraska, Lincoln, on March 2 and 3, 1928. Of the eight 
Branches in the District, six were represented by Counselors and 
Chairmen, and one by the Chairman only. Dean O. J. Ferguson, 
Vice-President, District No. 6, and Professor O. E. Edison, 
District Secretary, were present. 


Fripay EVENING SESSION 


The first session was held on Friday evening March 2nd, with 
Vice-President Ferguson presiding, and the following program 
was presented: 

Address of Welcome, Professor V. L. Hollister, University of 
Nebraska. 

Financing Branch Activities, Professor D. R. Jenkins, Coun- 
selor University of North Dakota Branch; J. A. Setter, Chairman 
University of Colorado Branch. G. K. Baker, Chairman 
University of Denver Branch. 

General Discussion 

Types of Programs Best Suited for Branch Meetings, Professor 
J. O. Kammerman, Counselor South Dakota State School of 
Mines Branch; Professor W. C. Du Vall, Counselor University 
of Colorado Branch; Alfred Botten, Chairman University of 
North Dakota Branch. 


SATURDAY MorNING SESSION 


Vice-President Ferguson presided.at this session also, and the 
program presented was as follows: 

Student Original Papers for Branch Meetings, Professor R. E. 
Nyswander, Counselor, University of Denver Branch, (Read by 
Professor O. E. Edison); Professor B. B. Brackett, Counselor, 
University of South Dakota Branch; J. O. Yates, Chairman, 
University of Wyoming Branch; Lester Becker, Chairman, South 
Dakota State School of Mines Branch. 

The Awarding of Regional Prizes for Branch Papers. Reading 
of statement on Regional Prizes in August 1927 JOURNAL, 
by Lester Becker; Professor G. H. Sechrist, Counselor, University 
of Wyoming. 

GENERAL DiscuUssioN 

Mr. Setter reported that the University of Colorado Branch 
frequently serves refreshments after a meeting, and that this 
practise stimulates interest and attendance. The local dues were 
inereased last year from $0.25 to $0.50 per quarter. He men- 
tioned several college activities in which the Branch participates. 

Mr. Baker discussed the various means of arousing interest 
among the students, the best methods of collecting dues or 
assessments, and the handling of expenditures by a definite 
plan or budget. 

Professor Kammerman stated the chief purposes of the Stu- 
dent Branches, and said programs should be of such a nature 
as to attract the students, but must be instructive as well as 
entertaining. 

Professor Du Vall said Branch Meetings should be inspirational 
and give the students a broad view of the electrical engineering 
profession, and that motion pictures should be used only to a 
very limited extent. 

Mr. Groat emphasized the benefits students can receive by 
participating in the programs, and said the University of North 
Dakota Branch relies mainly upon talks by the juniors and 
seniors. 

In his paper on Students, Original Papers for Branch Meetings, 
Professor Nyswander stated that his study of reports of Branch 
meetings in the JouRNAL had indicated that a very small number 
of the student papers are based on original work. He thought 
reports or reviews of papers in the JourNaL and other publica- 
tions by students an admirable form of Branch program. 
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Professor F. W. Norris, Counselor, University of Nebraska 
Branch, was elected to represent the District Committee on 
Student Activities at the Summer Convention which is to be 
held in Denver in June. 


CONFERENCE ON STUDENT ACTIVITIES IN DISTRICT NO. 7 

The first morning of the Regional Meeting of the South West 
District No. 7 held at St. Louis March 7-9, 1928, was devoted 
to a conference on Student Activities for which plans had been 
made under the leadership of Dean G. C. Shaad, Chairman of the 
District Committee on Student Activities, and Professor H. G. 
Hake, Chairman of the Counselors’ Meeting Committee. 

Dean Shaad presided, and the following program was 
presented: 

Opening Remarks, A. E. Bettis, Vice-President, South West 
District, A. I. E. E. 

Report on Conference on Student Activities at Detroit, Dean 
G. C. Shaad, Chairman District Committee on Student Activities. 

Breakdown Tests of Sheet Dielectrics, R. L. Belshe and F. R. 
Small Washington University Branch. (Presented by Mr. 
Small). 

Why Student Branches?, Professor M. P. Weinbach, Counselor 
University of Missouri Braneh; W. H. Mann, Jr., Chairman 
University of Arkansas Branch. 

The More Attractive Meeting, R. D. Bradley, Chatman Kansas 
State College Branch. 

Self-Government, Dick Mason, Charman University of Okla- 
homa Branch. 

Primary Allegiance, J. B. Robuck, Chairman University of 
Texas Branch. 

Outside Activities, Benny Fonts, Chairman Oklahoma Agri- 
cultural and Mechanical College Branch. 

For the Good of the Order, J. L. Pratt, Chairman Agricultural 
and Mechanical College of Texas Branch. 


Early in the program, President Gherardi was introduced to 
the audience, and spoke briefly upon the great benefits to the 
Institute and to the individual members of the organization of 
Districts, Sections, and Branches, and emphasized the importance 
of bringing the electrical engineering students into close relations 
with the Institute. He said the students of today will be the 
backbone of the engineering organizations of the country ten 
years from now and that they will be the leaders in engineering 
work in 20 years. 

Professor Weinbach’s paper on “Why Student Branches?” 
is published in full in this department. | 

Speaking on the same subject, Mr. Mann said students can 
secure valuable training in leadership by participating in Branch 
activities and thus developing ability to speak well before a 
technical or non-technical audience. Two student talks are 
given at each meeting of the University of Arkansas Branch. 

Mr. Bradley said each program of the Kansas State College 
Branch includes a technical talk and a talk on electrical current 
events by students. Talks on summer experiences have proven 
very successful. He discussed the various other activities of 
his Branch, and urged that more cooperation between Branches 
be developed. 

Mr. Mason expressed his great appreciation of the willingness 
of the faculty members in electrical engineering at the University 
of Oklahoma to cooperate with the Branch. 

In his paper on Primary Allegiance, Mr. Robuck named and 
discussed the principal benefits to be derived from Branch 
activities by the individual student, and said the Branch is the 
most important organization on the campus from the standpoint 
of electrical engineering students, as it brings together all such 
students with no reference to grades of scholarship. The 
Branch forms the beginning of a connection with the A. I. E. E. 
which will be increasingly helpful after graduation. Experience 
gained in the preparation, presentation, and discussion of papers 
and in dealing with others is very beneficial in later work. 
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Branch papers can supplement the class work in a very helpful 
manner by bringing out many interesting facts that can be 
learned only by practical experience. 

Mr. Fonts reported upon the outside activities waneaeeat in by 
Branches in the District. Some of those mentioned were elec- 
trical shows, inspection trips, smokers, a watermelon feed, and 
an annual luncheon for seniors. The Missouri School of Mines 
Branch is planning to hold a bi-weekly luncheon with the 
young business men of Rolla who are interested in electrical 
developments. 

Mr. Pratt emphasized the benefits to be derived from the 
A. I. E. E. in keeping in touch with progress in electrical engi- 
neering, and said Branch programs should be sufficiently attrae- 
tive to secure good attendance, but must contain instructive 
material and not entertainment only. 

Seven of the ten Branches in the District were represented by 
Counselors and Chairmen, and two others were represented by 
their Chairman. Dean G. C. Shaad was re-elected Chairman of 
the District Committee on Student Activities, and Counselor 
Delegate to the Summer Convention. Professor M. P. Wein- 
bach was eleeted alternate delegate. 


STUDENT CONVENTION AT LAFAYETTE COLLEGE 


With the cooperation of the Lehigh Vallev and Philadelphia 
Seetions, the fourth annual Student Convention of the eastern 
part of Distriet No. 2 was held at Lafayette College, Easton, 
Pennsylvania, on March 21, 1928. 

The following papers were presented at the morning technical 
session: 

Impedance Measurements on Loaded Telephone Cable, C. S. 
Thaeler, '28, Lehigh University. 

Preliminary Tests of D-c. Excited Reactor, C. L. Haines, 
Swarthmore College. 

Symposium on Electric Welding, E. S. Dobson, '28, Lafayette 
College. 

The papers contained much interesting material and were 
well presented. 

After a buffet luncheon, four parties started on inspection trips 
as follows: 

l. Ingersoll-Rand Company, Phillipsburg, N. J. 

2. Lehigh Portland Cement Company, Sandt's Eddy, Pa. 

3. Mack Printing Company, Easton, Pa. 

4. R.& H. Simon Silk Company, Easton, Pa. 

The Glendon Substation of the Metropolitan Edison Company 
was visited by a considerable number on the return trip from the 
four places named above. 

Beginning at 4:30 p. m., there was an inspection of Lafayette 
College grounds and buildings, ineluding the eleetrical engineer- 
ing laboratory and a special exhibit of are welding equipment. 

À dinner was held in Brainerd Hall at Lafayette College. 

At a joint meeting of the Student Branches and the Lehigh 
Valley and Philadelphia Sections, Dr. W. E. Wickenden, Director 
of Investigation, Society for the Promotion of Engineering 
Education, gave an address on the subject, The Outlook for the 
Student Engineer. It was illustrated with numerous lantern 
slides and was extremely interesting to all present. 

The first and second prizes of $10.00 and $5.00 offered by the 
Lehigh Valley Section for the two best technical papers pre- 
sented in the morning session, were awarded to C. S. Thaeler, 
Lehigh University, and E. S. Dobson, Lafayette College, 
respectively. 

Students of the following schools cooperated in plans for the 
Convention: Delaware, Drexel, Haverford, Lafavette, Lel.igh, 
Pennsylvania, Princeton, and Swarthmore. 
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BUCKNELL UNIVERSITY AND PENNSYLVANIA STATE 
COLLEGE BRANCHES HOLD JOINT MEETING 


The Student Branches of Buekneh University and Pennsyl- 
vania State College held a joint mecting at Pennsylvania State 
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College on the afternoon and evening of March 7, 1928. About 
70 students, including 22 from Bucknell University, attended. 

The afternoon session was devoted to an inspection of the 
electrical laboratories of the Pennsyivania State College. At 
the evening session, Carl Dannerth, Chairman Pennsylvania 
State College Branch, presided, and the fullowing program was 
presented: 

Address of Welcome, R. L. Sockett, Dean of School of Engi- 
necring. Pennsylvania State College. 

Relution between Case Hardening and Magnetic Properties, 
H. N. Matteson, '28, and F. W. Olshefsky, ’28, Pennsylvania 
State College. 

Local Central Office Control, G. B. Timm, '28, Chairman 
Bucknell University Branch. 

Performance of Polyphase W atthour Meters, J. L. Wagner, '28, 
Pennsylvania State College. 

Thef¥student papers named above were prepared from the 
results of original research work done by the authors. Members 
of both Branches showed great enthusiasm, and plans were made 
for a second joint meeting which will be held at Bucknell Uni- 
versity in April. 


STUDENT PROGRAM AT LOS ANGELES SECTION MEETING 


The annual student meeting of the Los Angeles Section was 
held at the California Institute of Technology on the evening 
of March 6, 1928, with the Student Branches of that institution 
and the University of Southern California. 

After a joint dinner, the following program was presented 
before an audience of 272: 

The Activities and Possibilities of the Student Branches of the 
A. I. E. E.. Lester Bateman, University of Southern California 
Branch. 

Study of Vocal Music by the Oscillograph Record, James Henry 
and Russell Graves, University of Southern California Branch. 

A Study of a 250-Mile Artificial Transmission Line, L'oyd 
Swedlund, California Institute of Technology Branch. 

The Meas surement of Potential Across Separat:ng Switch Can- 
tacts, Hugh Hamilton, California Institute of Technology 
Branch. 

The Faradoid Efect for Insulators, Wm. A. Lewis, California 
Institute of Technology Branch. ` 

Mr. George H. Barnes, Chairman of the Board of Governors 
of the American Green Cross, gave a brief talk on the work of that 
organization and the need of reforestation. 

Following the adjournment of the meeting, a demonstration of 
high-voltage ares was given in the 1,000,000-volt laboratory of 
the California Institute of Technology, and Professor R. W. 
Sorensen described the latest developmentsin the vacuum switch. 


BROWN ENGINEERING SOCIETY AFFILIATED WITH 
INSTITUTE 

In 1926 the Board of Directors provided for the affiliation of 
general student engineering societies with the Institute by adopt- 
ing Section 59A of the By-laws. The application of the Brown 
Engineering Society of Brown University, Providence, Rhode 
Island, for such affiliation was approved at a meeting of the 
Board of Directors held on February 16, 1928. 

The principal purpose of the Institute in providing for affilia- 
tion of this type is to indicate clearly its willingness to cooperate 
with general student engineering societies in those institutions 
in which it is not deemed desirable to organize Student Branches. 
Menibers of such affiliated societies will be granted the privilege 
of subscribing for the JovRNAL at the reduced rate of $3.00 per 
year. 


ELECTRICAL RECEPTION AT MONTANA STATE COLLEGE 


The Montana State College Branch held an electrical recep- 
tion on the evening of Mareh 7, 1928. The twenty-two special 
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exhibits prepared by the upper classmen included artificial 
lightning, a radio-controlled car, X-ravs, and other instructive 
demonstrations of various types of electrical equipment. A 
continual performance was given between 7:30 and 10-30 
p. m., and refreshments were served. 


CAMP IN ADIRONDACKS ESTABLISHED BY CLARKSON 
COLLEGE STUDENTS 

At the suggestion of Professor A. R. Powers, Counselor of 
Clarkson College of Technology Branch, members of the Branch 
decided to establish a camp on Big Simonds Pond near Tupper 
Lake, New York. 

Under the supervision of the Camp Committee of the Branch, 
a site was purchased, and students erected a temporary building 
which will accommodate about twenty men. Provisions have 
been made for the erection of a permanent camp, and for indi- 
vidual camps on the property, which includes about one-half 
mile of water front and extends back to a distance of two to 
three hundred yards, and an island. The camp is intended for 
the use of all Clarkson students and former students, and will, 
it is hoped, bring about a closer relationship between students 
and alumni. 


BRANCH MEETINGS 


Armour Institute of Technology 


Motion picture, entitled ‘‘Voices Across the Sea,’ 
January 27. Attendance 30. 
Advances in Telephone Engineering, by Burke Smith, Trans- 


mission Engineer, Hlinois Bell Telephone Co. Joint meet- 
ing with A. R. A. February 16. Attendance 40. 


Alabama Polytechnic Institute 

Present Situation of the Electrical Industry and Opportunities for 
Junior Engineers, by Professor W. W. Hill, Counselor. 
Discussion of plans for Engineers’ Day. February 16. 
Attendance 53. 

Impromptu talks by several students on subjeets of interest. 
Announcement of plans for Engineers’ Day. February 23. 
Attendance 53. 

Talk on Arc Welding, by N. W. Geist, based upon his Summer 
work; 


Creosoted Poles, by P. E. Sandlin, and 


Summer Work with Westfield Steel Works, by H. Hickman. 
March 1. Attendance 52. 


, 


was shown. 


University of Arizona 


Business Meeting. Professor J. C. Clark, Counselor, and 
Mitehell, Braneh Chairman, reported upon the 
Pacific Coast Convention. Octoberl. Attendance 14. 


Smoker. "Talks by Professors J. C. Clark and W. M. Kellogg on 
summer experienees and inspeetion trips. October 17. 
Attendance 14. 


The Seismograph, by Audley Sharpe, student. Social Meeting. 
Refreshments. November 21. Attendance 13. 


Transatlantic Telephony, by H. S. Hamilton, American Tele- 
phone and Telegraph Co. December 13. Attendance 40. 


Short talks by Professors Clark and Kellogg on A. T. E. E. and 
subsequent meetings of the Branch. Film, entitled “Yours 
to Command," was shown. A. B. Ellicock appointed 
Safety Representative. February 4. Attendance 7. 


University of Arkansas 


Electrical Opportunities in South and Central America, by Mr. 
Gooch, United Fruit Company. February 14. Attendance 15. 


Brooklyn Polytechnic Institute 


Western Electric Public Address System, by Mr. Caldwell, 
student; Thermionic Voltmeter, by Mr. Hudtwalker, student; 
Measurement of Composite Current in Track Circuits, by 
Mr. Kreutzer, student; Laboratory Design, by Mr. Brown, 
student; Automobile Generator, by Mr. Daniele, student; 
Klydonograph, by Mr. Atkin, student; Electric Arcs, by 
Mr. Brandler, student, and Dial Telephone, by Mr. Siegal, 
student. The purpose of the meeting was to select a 
student to represent the Branch at the N. Y. Section Student 
Convention in April. February 23. Attendance 60. 
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Measurement of Composite Current in Track Circuits, ae Mr. 


Kreutzer, student; Thermionic Voltmeter, by Mr. Hudt- 
walker, student, and Automobile Generator, by Mr. Daniele, 
student. Judges had difficulty in deciding which students 
presented the best paper at the previous meeting so three 
of the contestants were invited to present their papers again. 
March 5. Attendance 75. 


Bucknell University 


Joint meeting with Penn. State College Branch. (See account 


elsewhere in Student Activities Dept.) March 7. At- 
tendance 70. 
California Institute of Technology 
Safety, by E. W. Templin, Safety Representative. Announce- 


ment of joint meeting with the Los Angeles Section and 
University of Southern California Branch to be held on 
March 6, 1928. February 10. Attendance 14. 

Inspection trip to Pasadena Power and Light Co. February 10. 
Attendance 18. 

Mechanical Problems of the New Pasadena Steam Power,)Plant, 
by Mr. Hedrick, Pasadena Power and Light Dept. Febru- 
ary 22. Attendance 23. 

Opportunities with the Telephone Company, by Richard Ham- 


brook, Southern California Telephone Co. February 28. 
Attendance 18. 


University of California 

Industrial Mobilization, by Major Pinger, Ordinance Unit, 
R. O. T. C. Illustrated. Joint meeting with A. S. M. E. 
Discussion of plans for Engineers’ Day. Reports of officers 
and committees. February 8. Attendance 34. 

Carnegie Institute of Technology 

Lighting and Wiring from a Public Utility Point of View, by 
W. H. Horton, Jr., Asst. Commercial Mgr., West Penn 
Power Co., and i 


Engineering Progress during 1927, by J. H. Ferrick and G. H. 
Ikola, students. J. H. Ferrick elected Secretary. Febru- 
ary 14. Attendance 23. 
Clarkson College of Technology 


Photography, by W. A. Dart, Asst. Prof. Discussion of the 
proposes New York inspection trip preceding the New 
aven Convention. February 16. Attendance 30. 


Clemson College 
America’s Greatest Water-Wheel, by E. S. Murrah; 
Some Transmission Line Fundamentals, by M. A. Jones; 
Screen Grid Radio Tube, by C. R. Martin, and 
Current Events, by R. C. Carter. February 9. Attendance 18. 


Colorado Agricultural College 


The Application of the New Shield Grid Tube to Radio, by Prof. 
H. G. Jordan, Counselor. February 13. Attendance 14. 


University of Colorado 


A film, entitled '"T'hrough the Switchboard,” was'shown. Febru- 
ary 7. Attendance 50. 


Cooper Union 


Television, by R. A. Deller, Bell Telephone Laboratories, Inc. 
Slides and demonstration. February 15. Attendance 82. 


University of Denver 

Properties and Uses of Fused Quartz, by B. J. Rowan, General 
Electric Co. R. H. Owen, Chief Operating Engr., Broad- 
easting Station KOA, demonstrated the operation and uses 
of photo-eleetrie cells. Slides on recent developments of the 
General Electric Co. W. B. Clark of that Company 
demonstrated new light produced by & mereury vapor tube 
and a neon tube. February 10. Attendance 160. 


Duke University 


Description of new engineering courses leading to the degree of 
B. S. in E. E. read and discussed. February 29. At- 
tendance 16. 

University of Florida 


The Engineer and the Electric Utility, by R. W. Cryder, Vice- 
President, Florida Power Corp. February 6. Attendance 35. 


University of Idaho 


Fundamental Conceptions of Radio, by 'T. L. Styner, student. 
Appointment of committees. Discussion of plans for 
Engineers’ Day. February 15. Attendance 21. 
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Iowa State College 


Discussion of plans for increasing the interest in A. I. E. E. 
February 28. Attendance 17. 


Transmission of Pictures by Wire, by C. T. Schrage, American 
Tel. & Tel. Co. March 7. Attendance 26. : 


State University of Iowa 
Some Engineering Developments of 1927, by D. L. Thomas; 
New Developments in Radio Vacuum Tubes, by M. W. Tilden, and 


Radio Aerials, by J. S. Beck. Report on A. I. E. E. Regional 
Meeting in Chicago. December 14. Attendance 29. 


Film, entitled ‘‘Nature’s Frozen Credits," was shown. January 
4. Attendance 29. 


Television, by J. O. Perrine, Bell Telephone Laboratories, Inc. 
Joint meeting with A. S. C. E. and A. S. M. E. Branches. 
January ll. Attendance 210. 


Inland Waterways, by H. E. Seeman, Chicago & Northwestern 
Railway Co. Branch attended a meeting of Student 
Chapter of A. S. C. E. January 18. Attendance 60. 


Motion picture, entitled ‘‘The General Motors Proving Ground," 
was shown with Student Branch A. S. M. E. February 1. 
Attendance 50. 


Radio and Wireless, by N. R. Rector, and 
Illumination of Flying Fields, by W. E. Christiansen. 
8. Attendance 27. 
Ground Detectors, by L. L. Heskett, and 
Electric Welding, by J. T. Jones. February 22. Attendance 27. 
Vibrations in a 25,000-Kw. Turbine, by J. L. Jordan; 
The Boulder Dam Project, by G. R. Parizek, and 
Energy Interchanges on the Pacific Coast, by D. L. Thomas. 
February 29. Attendance 27. 
Kansas State College 


Discussion of final plans for Engineering Open House. Film, 
entitled, Cuba," was shown. February 6. Attendance 91. 


February 


Film, entitled "Power Transformers," was shown. February 20. 
Attendance 77. 
Lewis Institute of Technology 
Committee be Urs to give reports on Safety. A. Gaimari 
appoin Safety Representative. February 21. Atten- 


dance 40. 


Motion picture, entitled ‘‘Wizardy of Wireless," was shown. 
February 28. Attendance 87. 


The Responsibility of the Student, the College and the Employer in 
the Development of the Student, by H. W. Bang, (Alumnus), 
Vice-President, Illinois Bell Telephone Co. March 6. 
Attendance 180. 


Lehigh University 
The Development of Railroads, by J. G. Bent, Jr., student, and 


Motor Requirements in Industry, by C. N. Johnson, Mgr., Engi- 
neering Division, Westinghouse Elec. & Mfg. Co., Phila- 
delphia. Refreshments served after the evening’s papers, 
and several short informal speeches made by members of 
the faculty and visitors. February 24. Attendance 85. 


University of Maine 


Modern Trends in Engineering, by H. W. Coffin, Operating Engr., 
Bangor Hydro-Electrie Co. Dean Paul Cloke, College of 
Technology and Prof. W. E. Barrows, Jr., Counselor, spoke 
briefly on the Winter Convention of the A. I. E. E. Motion 
pictures on ''Story of Power" and “Water Power” were 
shown. February 22. Attendance 25. 

History of Transportation, by Prof. A. S. Hill, and 


Railway Drive, by N. J. Timull, student. Film, entitled *‘King 
of the Rails." Mareh 7. Attendance 28. 


Marquette University 


Engineering in Norway, by Andrew Benton, T. M. E. R. & L. Co. 
The following officers were elected: President, P..C. Neu- 
mann; Vice-President, H. Haase; Seeretary, W. E. Sehmitz, 
and Treasurer, A. Lutropp. These men will take office in 
July 1928. March 8. Attendance 42. 


Massachusetts Institute of Technology 


Films, entitled “The Making of Mazda Lamps," and “The 
Electrieal Giant," were shown.  Diseussion of papers to be 
presented at the District Student Convention and at Branch 
meetings. February 15. Attendance 50. 
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Michigan State College 


H. D. Sanborn, Chicago Office, General Electric Co., gave a talk 
on atomic theory and vacuum tubes. Motion picture, 
entitled ‘‘Beyond the Mieroscope," was shown. February 
14. Attendance 65. 


University of Michigan 


Electricity and the Automobile, by John Hunt, Head of Electrical 
Division, The General Motors Corp. The Branch voted to 
approve the formation of an Engineering Council. Febru- 
ary 15. Attendance 54. 


Engineering School of Milwaukee 


Lighting and Its Relation to High-Voltage Transmission, by W. S. 
Wilder, Milwaukee Electric Railway and Light Co. Adney 
Wyeth appointed Secretary. March 2. Attendance 250. 


Mississippi A. & M. College 


Business Meeting. Prof. L. L. Patterson, Counselor, read 
several letters he had received relating to A. I. E. E. work. 
L. H. Calloway elected Safety Representative. The Secre- 
tary reported on the finances of the Branch. February 16. 
Attendance 20. 


Development of Automatic Switching, by R. S. Kersh, student; 
Enlarging a Substation, by E. H. Toney, student, and 


The Mercury Arc Rectifier, by A. T. Holloway, student. 
8. Attendance 38. 


University of Missouri 


Carrier Currents in Telephony, by G. E. Buck, General Electrice 
Co. March 2. Attendance 65. : 


Montana State College 


Electrical Reception. See Report elsewhere in Student Activi- 
ties dept. March 7. Attendance 422. 


University of Nevada 


D. I. Cone, Transmission and Protection Engr., Pacific Tel. & 
Tel. Co., gave a talk on the policies of his company and the 
opportunities for students offered by it, followed by a talk 
on '"The Transatlantic Telephone." Slides and diagrams. 
February 1. Attendance 35. 


Newark College of Engineering 
Sounds That Burn, by W. B. Morningstern, Jr., student; 
Novel Uses for Electricity, by W. K. Baer, student, and 


Measuring a Billionth of an Inch, by J. K. Dennis, student. 
March 5. Attendance 16. 


University of New Hampshire 


Electrolysis, by W. S. Balch, student. February 13. At- 
tendance 37. 

Life of Oliver Heaviside, by Messrs. Langford and Morreels; 

Insulation Testing, by Messrs. Learned and Sargent, and 

Application of Safety Requirements to the Electrical Industry, by 


March 


. Nulsen. February 20. Attendance 35. 
America’s Largest Water-Wheel, by E. B. Moore and L. C. 
Simpson; 
eiie the Mississippi, by L. Morrissette and C. E. Tursehman, 
an 


Weighing by Radio, by N. Pierce and E. L. St. Clair. 
27. Attendance 30. 


Instruments, by Mr. Corby, Weston Elec’l. Instrument Corp. 
Illustrated with motion pictures. March 5. Attendance 38. 


College of the City of New York 


Business Meeting. Reports of officers and Student Convention 
Committee. Discussion of programs for coming term. 
The following officers were elected: Chairman, J. Leipziger; 
Secretary, A. H. Rapport; Treasurer, Walter Broleen; 
Librarian, Edw. Grossman. February 16. Attendance 20. 

Televor, by R. J. Wensley, Westinghouse Elec. & Mfg. Co. 
Demonstration. February 20. Attendance 72. 

Cold Swaging, Its Applications and Advantages, by G. H. 
Schneider, Torrington Company. Illustrated by specimens 
and demonstration. Joint meeting of A. I. E. E. and 
A.S.M.E. February 23. Attendance 41. 

Inspection trip to Roxy Theatre. February 28. Attendance 36. 

The Gas Refrigerator, by Dr. C. A. Lunn, Chief Chemist, Consoli- 
dated Gas Co. Joint meeting of all engineering societies at 
C.C.N.Y. Motion picture, entitled "The Modern Gas Plant 
and Its Service,” was shown. March 1. Attendance 68. 


February 
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New York. University 
The Televoz, by R. J. Wensley, Westinghouse Elec. & Mfg. Co., 
Demonstrations were given with the talk. February 23. 
Attendance 625. | 
Steam vs. Electric Railways, by Joseph Johanessen, student, and 
Electrical Railway Systems, by Vincent E. Reilly, student. 
March 8. Attendance 31. 
North Carolina State Collede 
Outline of Student Work with the General Electric Company, by 
A. W. Hamrick. February 21. Attendance 50. 
University of North Carolina 
Potheads, by C. R. Jones. He also told of his experiences with 
the Tidewater Power Co., and 
Rural Distribution Extensions, by W. E. Stewart. Program 
Committee appointed. February 23. Attendance 23. 


Northeastern University 
Electrical Engineering, by A. H. Sweetnam, Supt., Elec. Engg. 
Dept., dison Electric Illum. Co. of Boston. February 
14. Attendance 122. 
Inspection trip to the Hygrade Lamp Co., Salem, Mass. 
ary 17. Attendance 25. 


University of Notre Dame 

A Mathematical Analysis of Oscillating Circuits, by Richard 
Greene, student, and 

An Original Theory of the Phenomena of Thunder Storms, by 
Professor Hull. February 13. Attendance 60. 

Story of the Life and Works of Maxwell, by Ralph Garza, and 

The Field of Mathematics, by Dr. J. A. Caparo, Counselor. 
Refreshments were served. February 27. Attendance 53. 

Mercury Arc Rectifiers on the South Shore Line, by Mr. Ludden, 
Asst. Elec. Engr. Mr. Kelly, Asst. Engr. of Ways and 
Structures, of the same company, gave a brief description 
of the manner in which any addition is made to the line. 
March 5. Attendance 66. 

Television, by R. A. Deller, Bell Telephone Laboratories, Inc. 
Dr. J. A. Caparo, Counselor, gave & brief outline of the 
development of television. Mareh 9. Attendance 96. 


Oklahoma A. & M. College 

The Advancement of Oil Field Electrification in Recent Years, by 
Prof. Edwin Kurtz, Counselor; 

Oil Field Electrification in General, by W. F. Barnes, Mgr. of 
Tulsa Office, Westinghouse Elec. & Mfg. Co.; 

Oil Field Electrification, by R. L. Middleton, Oil Field Specialist, 
General Electric Co., Tulsa. Entertainment and refresh- 
ments. February 15. Attendance 100. 


University of Oklahoma 

Safety, and Accident Prevention, by Mr. Steel, Oklahoma Gas 
and Electric Co.; and Mr. Butler, and 

Demonstration of Resuscitation, by Mr. Carr, Chief Electrician of 
Shawnee. Picture, entitled '"The Story of Lead Smelting,” 
was shown. Joint meeting with A. S. C. E., A. S. M. E., and 
Pick and Hammer. February 23. Attendance 27. 

Business Meeting. March 6. Attendance 21. 


Oregon State College 
Electric Transmission Stability, by V. W. Wilfley, Westinghouse 
Electric & Mfg. Co. Refreshments served. February 14. 
Attendance 110. 


Pennsylvania State College 

The Vacuum Tube as a Detector and Amplifier, by E. F. Bond, 
student, and 

Experiences of a Commercial Radio Operator, by F. M. Gager, 
student. Motion pictures, entitled respectively ‘Operation 
of A. C. and D. C. Instruments," and “Construction and 
Operation of Induction Regulators," were shown. Febru- 
ary 15. Attendance 77. 

Future Developments in Electrical Engineering, by Dr. W. P. 
Davey, Physies Dept. February 28. Attendance 62. 
Joint meeting with Bucknell University Branch. See account 
elsewhere in Student Activities Dept. March 7. At- 

tendance 69. 


University of Pittsburgh 
Rectifiers, by J. J. Crawford, student, and 


Some Interesting Engineering Experiences, by Mr. Carl, Westing- 
house Electric & Mfg. Co. February 17. Attendance 44. 


Febru- 
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Functions of the I pan mene: Department in the U. S. Army during 
the World War, cS Cabeny, student. February 24. 
Attendance 43. 


Princeton University 


The History of the Incandescent Lamp, by Henry Schroeder, 
Commercial Engr., Edison Lamp Works, General Electric 


Co. Illustrated with slides. February 16. Attendance 12. 
Purdue University 
Watthour Meters, by F. L. Pavey, Duncan Electric and Mfg. Co., 


and 
Talk on A. I. E. E , by R. C. Fryer, Chairman, Cincinnati Sec- 


tion, A. I. E. Meeting was held in connection with 
Meter Convention of the niversity. December 6. At- 
tendance 80. 


The Hydroelectric Development on the Ohio River at Louisville, 
Ky., by N. C. Pearcy, Louisville Lt. & Pr. Co. Moving 
pictures of the construction of the dam and power house 
were shown. 

Practical Demonstration of the Schaefer Method of Resuscitation, 
by C. W. Bennett, Northern Indiana Public Service Co. 
Motion picture, entitled ‘‘Story of Asbestos," was shown. 
Joint meeting. February 21. Attendance 75. : 


Rensselaer Polytechnic Institute 


New Zealand, by Dr. M. A. Hunter, Prof. of ee eR LE 
Sonon picture, entitled “From Coal to Electricity,” w 
shown 


Stone and Webster, the Company, its Methods, Growth and Accom- 
pue by Dr. W. L. Robb, Head, Dept. of Elec. Engg. 
ebruary 14. Attendance 140. 


Rhode Island State College 


Synchronous Converters, by V. E. Murphy, student. 


Frequency Chargers, by W. H. Cook, 
Attendance 18. 


Silas P. Washington, '28, gave & talk on his work at Iowa State 
College and with the Boston Elevated Railway. January 
27. Attendance 19. 


The Quest of the Unknown, by Prof. H. B. Smith, Worcester 
Polytechnic Institute. Slides. February 4. Attendance 75. 


Radio Development in 1927, by C. F. Scott, '28. February 17. 
Attendance 21. 


Slides. 


student. January 21. 


Rutgers University 
Operation of Doors by Electricity, by C. G. Walton, '29, and 


Automatic Switching, by À. Pietsehmann, '28. February 13. 


Attendance 9. 


University of Santa Clara 


Electric Drive in Cement Plants, by C. A. Binns, General Electric 
Co. February 14. Attendance 84. 


Inspection trip to the Pacifie Portland Cement Company's Plant 
at Redwood City, Cal. February 21. Attendance 55. 


South Dakota State School of Mines 
Business Meeting. January 19. Attendance 29. 


Annual A. I. E. E. Frolic to weleome Freshman and Sophomore 
students. Prof. J. O. Kammerman, Counselor, weleomed 
the new students and explained work in elec. engg. both in 
school and outside. Prof. E. E. Clark related experiences in 
the Eleetrieal Engineering Department in its early years. 
Refreshments were served. January 20. Attendance 64. 


A talk was given by Irving Dier, Northwestern Bell Telephone 
Co., on his work last Summer in preparation for the coming 
of President Coolidge and his party to the Black Hills. On 
a vote bv ballot L. M. Becker was elected Chairman. 
February 3. Attendance 23. 


University of South Dakota 


Niagara Falls and Its Hydroelectric Plants, by C. R. Cantonwine: 
Chairman. Illustrated. 


Electrical EL f and Possibilities in Japan, by Orla 
Bendixen. February 22. Attendance 9. 


Business Meeting. A report on the Conference on Student 
Activities at Lineoln, Neb., on March 2 and 3 was given by 
C. R. Cantonwine, Chairman, and a general discussion 
followed. Mareh 7. Attendance 12. 
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University of Southern California 
Advantages and Purposes of the Student Branch at the University, 
by Lester Bateman, Chairman. Prof. P. S. Biegler, Coun- 
selor welcomed the freshmen and gave a short talk on pros- 
pects for a school of engineering and a new engineering build- 
ing. February 9. Attendance 53. 


Stanford University 


What the Telephone Company Wants in the Young Engineer, by 
Mr. Judson and Mr. Geminer, Pacific Tel. & Tel. Co. 
February 15. Atvendanoo 29. 


University of Texas 
Business Meeting. The following officers were elected: Presi- 
dent, J. B. Robuck; Vice-President, M. R. Chamberlain; 
Secretary-Treasurer, J. F. Hinton; Corresponding Secre- 
tary, G. A. Toepperwein. February 7. Attendance 10. 


Lightning Arresters, by Mr. Pingree, Dallas General Electric 
Co. Illustrated with slides. Short business session. 
February 23. Attendance 28. 


University of Utah 


Motion picture, entitled ‘‘Pavement Construction,” 
February 14. Attendance 25. 


ae ona Insulation, by D. K. Brake, student. 
trated. Joint meeting with A. S. M. E. Chapter. 
ary 21. Attendance 23. 


Virginia Military Institute 
Electrolytic Rectifier, by R. L. Downey; 
Electrical Control of the Yacht Fan Kwai, by G. Shields, and 


Installation of the New Equipment for Our Laboratory, by D. N. 
Higgens. February 23. Attendance 35. 


Motion pictures on induction regulators and a railroad substation 
were shown. March9. Attendance 41. 


Virginia Polytechnic Institute 

Electric Reproduction in the Phonograph, by R. Marchant, 
student; 

Radio Batteries, by J. P. Shanklin, student, and 

Manufacture of Turbo Alternator Coils, by E. A. Williams, stu- 
dent. February 8. Attendance 33. 

Automobile Ignition Systems, by Prof. D. S. Heitsher, Auto- 
motive Engineering. February 20. Attendance 40. 


The History and Development of the Atlantic Cable, by A. J. 
Mundt, Western Union "Telegraph Co. February 24. 
Attendance 30. 


University of Washington 


was shown. 


Illus- 
Febru- 


Quick Response Excitation, by R. C. Willman, student. Febru- 
ary 10. Attendance 21. 

Television Apparatus, by L. Palmer, student. Prof. G. L. 
Hoard, Counselor, discussed plans for Open House. Febru- 
ary 17. Attendance 14. 

Location of Ships by Radio, by K. M. Durkee, student. E. D. 
Engel was appointed Safety Representative. Discussion 


of plans for Open House. February 24. Attendance 19. 


The New Cushman Power Project, by A. F. Darland, Tacoma 
Light Co. Mareh 2. Attendance 42. 


West Virginia University 


Triumphs of Radio, by E. W. Conway; The Nation's Greatest 
Ships, by M. Hooker; Telephone Developments, by D. 
Akins; Steel Cored Aluminum Conductors, bv R. I. Boone; 
Central Station Service, by C. L. Parks; How to Install a 
Telephone, by S. C. Hill, and Development of Lighting 
Industry in 1927, by G. I. Burner. February 17. At- 
tendance 32. 


Electrical Insulating Oils, by M. C. Clark; Basic Methods of 
Phototelegraphy, by T. R. Cooper; Steel Core Aluminum 
Conductors, by F. D. McGinnis; Hollow Spun Concrete 
Poles, by G. E. Phillips; 4 New Type of Turbo-generator 
Insulation, by B. J. Paladino; 


Stabilization of Electrical Refrigeration, by W. T. Myers, and 


Easy-Made Tester for High-Voltage Testing, by A. L. Lindlay. 
February 24. Attendance 33. 


University of Wyoming 


R. Probst, Mountain States 
Illustrated with slides. February 21. 


Transatlantic Telephony, by L. 
Tel. & Tel. Co. 
Attendance 15. 
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Engineering Societies Library 


LI 
ERR Aféboftt 000000008! 


The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 


most of the important periodicals in its field. Itis housed in the Engineering Societies Building, 29 West Thirty- 


ninth Sl., New York. 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to b p. m. 


BOOK NOTICES FEBRUARY 1-29, 1928 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume responsi- 
bility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 


Dig ABWARMETECHNIK, Bd. 1; Grundlagen. By Hans Balcke. 
Mun. u. Ber., R. Oldenbourg, 1928. 290 pp., illus., diagrs., 
tables, 9 x 6 in., cloth. 15.-r. m. 


The first volume of a three-volume work upon waste-heat 
engineering. It discusses first the sources of waste heat, in- 
cluding exhaust steam, flue gases, condensed steam, cooling 
water, and excess electrical energy. It then takes up the princi- 
pal elements of plants for utilizing waste heat and considers in 
detail the construction, use and efficiency of each. 


BAUSTOFFVERARBEITUNG UND BAUSTELLENPRUFUNG DES BETONS. 


By A. Kleinlogel. Ber. u. Lpz., Walter de Gruyter & Co., 
1927. 106 pp., illus., diagrs., tables, 6 x 4 in., linen. 1,50r. m. 


This little book recognizes the fact that the soundness of 
concrete structures is largely dependent upon the care and work- 
manship of the builder, and that good design and careful stand- 
ardization of materials will not alone insure good results. It is 
intended as a guide to superintendents of construction and 
contractors, and deals briefly with the testing of materials, 
methods of placing concrete and the testing of finished work. 


CoaL Miners’ PockeTsook. Edited by E. N. Zern. 
edition. N. Y., McGraw-Hill Book Co., 1928. 
illus., diagrs., tables, 7 x 4 in., fabrikoid. $6.00. 

The twelfth edition of this well-known reference book has 
been thoroughly revised, it is stated, and enlarged by the ad- 
dition of one hundred pages of new matter. New sections have 
been added, treating of loading and conveying machinery, lubri- 
cation, and mine drainage and pumping. : The material has been 
rearranged to facilitate quiek eonsultation. 


12th 
1273 pp., 


CONSTRUCTION JOB MANAGEMENT. 


By Charles F. Dingman. N. Y., McGraw-Hill Book Co., 
1928. 220 pp., illus., diagrs., tables, 7 x 4 in., fabrikoid. $2.50. 


Aims to place before the builder, particularly the inexperienced 
builder, a knowledge of the most effective ways of handling the 
several branches of building construction and of coordinating the 
work of the various trades employed. The chapters deal suc- 
cessively with the preparatory work, equipment, directing the 
work, organizing, handling masonry work, fireproof construction, 


plastering, and carpentry, and relations with subcontractors. 
Much practical advice is condensed into small space. 


HaMiLTON AERIAL Map or MaNHaTTAN. N. Y., Hamilton 
Aerial Map, 1927. Size of sheet 32 x 34. Complete with 
Binder, $55.00, plus serviee feature to Atlas owners, $1.00 
per duplieate sheet. (For small area of the Island only, & 
poeket edition is published of one sheet for $3.00.) 


This aerial map will cover Manhattan Island on a scale of 
200 feet to the ineh. Fourteen sheets have been published, 
extending from the Battery to Fifty-ninth Street, and the re-- 
maining seventeen are being prepared. 

The map is printed from aerial photographs by a process which 
gives very clear reproductions. Street names have been inserted 
and a street index is provided. Street numbers are also in- 
dicated. The publication is available complete in a loose-leaf 
binder, or single sheets may be had in pocket cases. 


Hicguway ENGINEERING. 
By John H. Bateman. N. Y., John Wiley & Sons, 1928. 
418 pp., illus., tables, 9x 6in., cloth. $4.00. 


A textbook for an undergraduate course in the subject. Aims 
to present the fundamental theory with comprehensive deserip- 
tions of present practice. Discusses successively the economics, 
financing, location, design, construction, maintenance, and 
operation of highways. 


INTERACTION OF PURB SCIENTIFIC RESEARCH AND ELECTRICAL 
ENGINEERING PRACTICE. 
By J. A. Fleming. Lond., Constable & Co., 1927. 235 pp., 
illus., diagrs.,9x6in.,cloth. 15s. 


Contains the substance of a course of lectures given in 1926 
at the Institution of Electrical Engineers. The underlying 
purpose is to show the manner in which the electrical industry is 
based on, and advanced by, pure scientific research, and also 
the manner in which technology repays pure science by providing 
new materials and appliances, or larger opportunities for experi- 
ment. The author does this by discussing certain departments 
of electrical engineering and showing how technical advances in 
them have been due to scientific investigations undertaken in a 
disinterested spirit. 

JAHRBUCH 1927, der Deutschen Versuclisanstalt für Luftfahrt 
E. V., Berlin-Adlershof. Mun. u. Ber. R. Oldenbourg, 
1927. 151 pp., illus., diagrs., tables, 12x 9Q9in., cloth. 13.-r.m. 

This volume contains the official report of the Versuchsanstalt 
for the year 1926-7, and twenty-one reports on investigations 
carried out under its auspices. These included tests of materials 
used in aircraft, methods of construction, studies of theoretical 
questions, ete. 
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JOURNAL OF THE RovAL TECHNICAL CoLLEGE, Glasgow. No. 4, 
December 1927. Glasgow (142 W. Nile St.) Royal Tech- 
nical College, 1927. 128 pp., illus., diagrs., tables, 10 x 7 
in., paper. 10s 6d. 


This paper-bound book brings together thirteen papers upon 
researches carried on at the College. The researches are in the 
fields of electrical engineering, civil engineering, chemistry, 
metallurgy and mechanical engineering. 


KOKEREI und GAaSWERKSOFEN. 

By L. Litinsky. (Kohle, Koks, Teer, v. 17). Halle (Saale), 
Wilhelm Knapp, 1928. 336 pp.. illus., diagrs., tables, 9 x 6 in., 
paper. 22,80 r. m. 

This monograph treats exhaustively of coke ovens, and retorts 
and furnaces for generating fuel gas. The construction, output, 
heat economy, structural materials, ete., of these furnaces are 
discussed from an engineering point of view by an engineer who 
has specialized in this field and who here endeavors to discuss 
all questions that arise concerning furnaces for the distillation of 
coal. The volume forms part of an extensive series upon the 
mining and utilization of fuel. 


THe MAKING OF A CHEMICAL; a guide to works practise. 
By E. D. Lewis and George King. N. Y., John Wiley & 
Sons, 1927. 288 pp., illus., 9 x 6 in., cloth. $4.00. 


This is an unusual book. It aims to be a guide to the young 
chemist who is entering a chemical works with the intention of 
devoting his life to manufacturing, and to accomplish this aim 
it puts before him a picture of works practise and works condi- 
tions based on experience. | 

After an introduetory seetion on the preparation of the chemist, 
the book discusses the various stages through which a process 
passes in its development from the laboratory to its commercial 
form, manufacturing and selling costs, suitable materials for 
plant use and the works equivalents of laboratory apparatus. 
Throughout there is emphasis upon economics. 

"The book will prove helpful to every chemist confused by 
transfer from the laboratory to the factory. 


New Towns For OLD. 
By John Nolen. Bost., Marshall Jones Company, 1927. 
177 pp., illus., 8x 6 in., cloth. $3.00. 


Mr. Nolen has here brought together some representative 
examples of civic improvement which have actually been carried 
out. The examples show how old industrial towns have been 
improved, how industrial towns have been built to order and how 
residential suburbs of a high class have been made attractive. 
The book supplements treatises on town planning by providing 
concrete examples of ways in which modern communities have 
combined convenience, permanence and beauty. 


PERMANENT-WAY MATERIAL PLATE-LAYING AND POINTS AND 
CROSSINGS. 

By W. H. Cole. 9th edition, revised by Gordon Hearn. 
Lond., E. & F. N. Spon, 1928. 245 pp., diagrs., tables, 7 x 5 in., 
cloth. 12 6. l 

A standard English book on railroad track and trackwork, 
treating of track standards, rails and accessories, track con- 
struction, track maintenance, switches and crossings, and sig- 
naling and interlocking. This edition covers both English and 
American practise, it is stated, and gives the standard types of 
switches and crossings recently designed in England. 


PRINCIPLES OF HIGHWAY ENGINEERING. 
By Carroll Carson Wiley. N. Y., McGraw-Hill Book Co., 
1928. 510 pp., illus., tables, 9 x 6 in., cloth. $4.00. 


In preparing this book, the aim has been to select, from the 
great mass of available material on road building, what will 
set forth or illustrate the various principles and practises in a 
manner and to the extent that the college student of highway 
engineering can absorb them in the available time. The book 
seems well adapted for use by the beginner and may also be useful 


| as a reference book. The text is clear and concise and the illus- 


trations are excellent. 


PROTECTIVE METALLIC COATINGS. 

By Henry S. Rawdon. N. Y., Chemical Catalog Co., 1928. 
(Amer. Chemical Society. Monograph series). 277 pp., illus., 
diagrs., tables, 9 x 6 in., eloth. $5.50. 


This monograph is a summary of our knowledge of the subject, 
prepared by an experienced metallurgist. Within convenient 
limits, it discusses the various methods of coating by alloying, 
electroplating, metal spraying, or chemical treatment, giving the 
characteristics and properties of each. The various commercial 
coatings are then considered, chapters being devoted to the use 
of zinc, tin, copper, nickel, chromium, cobalt, lead, cadmium, 
aluminum, gold and silver. Methods of testing are finally 
discussed. A good bibliography is given. The treatment is 
principally directed to the value of coatings as preventives of 
corrosion. 


RaDio ENGINEERING PRINCIPLES. 

By Henri Lauer and Harry L. Brown. 2nd edition. N. Y., 
McGraw-Hill Book Co., 1928. 301 pp., diagrs., 9 x 6 in., cloth. 
$3.50. 


The object of the authors has been to discuss thoroughly the 
prineiples of radio, from the engineering point of view, and to 
give the general means of utilizing them, so that they may be 
applied to any specifie apparatus. Most of the book is devoted 
to a study of the characteristics and use of the three-electrode 
vacuum tube. 

The new edition follows the plan of the preceding one but has 
been revised and extended to cover later developments. 


SPHERICAL HARMONICR. 
By T. M. MacRobert. N. Y., E. P. Dutton & Co., 1927. 
302 pp., 9x 6in., cloth. $4.50. 


This book aims to provide a text on the elements of the theory 
of Fourier series, Bessel functions, and spherical harmonics, 
with their applications to mathematical physics, so far as this 
can be done without using the method of contour integration. 


THEORIE DER WECHSELSTROMUBERTRAGUNG. 
By Hans Grünholz. Berlin, Julius Springer, 1928. 222 pp., 
diagrs., tables, 11 x 8 in., boards. 


The author treats of the laws governing the transmission of 
power by alternating currents, and illustrates the application of 
the theory which he develops to the calculation and control of 
transmission phenomena in long a-c. transmission lines. The 
treatment is geometrical. A large number of circle diagrams, 
for the most part new, are given. The book is intended to give 
the engineer a rapid, exact method for practical use. 


THEORY OF STRUCTURES. 
By Charles M. Spofford. 3d edition. N. Y., McGraw-Hill 
Book Co., 1928. 587 pp., diagrs., tables, 9 x 6 in., cloth. $6.00. 


Aims to present the fundamental theories underlying the design 
of engineering structures in a thorough, logical manner, and to 
illustrate their application by numerous examples. The subject- 
matter deals almost entirely with statically determined struc- 
tures, but the approximate methods commonly used for the more 
usual types of indeterminate structures are also given. Some 
amplifications and rearrangements have been made in this 
edition and chapters on space framework and on frameworks of 
high buildings have been added. 


WIRELESS PRINCIPLES AND PRACTISE. 
By L. S. Palmer. N. Y., Longmans, Green & Co., 1928. 
504 pp., illus., diagrs., tables, 9 x 6 in., cloth. $7.00. 


This textbook is intended for the electrical engineer who 
wishes to become conversant with the high frequency aspects of 
alternating currents as applied in radio. The treatment is 
comprehensive and some consideration is given to almost every 
branch of the subject. Useful bibliographies accompany each 
chapter. 
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Engineering Societies Employment Service 


MEORUM 


Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 
ing with the Western Society of Engineers. The service ts available only to their membership, and is maintained as a coop- 
erative bureau by contributions from the societies and their individual members who are directly benefited. 


Offices: —S81 West 89th St., New York, N. Y.,—W. V. Brown, Manager. 
68 West Jackson Blvd., Room 1786, Chicago, Ill., A. K. Krauser, Manager. 


57 Post St., San Francisco, Calif., N. D. 


ook, Manager. 


MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 
requests received after an interval of one month. Names and records will remain in the active files of the bureau for a 


period of three months and are renewable upon request. 
EMPLOYMENT SERVICE, 31 West 39th 


of the month. 


Notices for this Department should be addressed to 
treet, New York City, and should be received prior to the 15th day 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 
members of the Societies concerned at a subscription rate of $8 per quarter, or $10 per annum, payable in advance. Posi- 
tions not filled prom asa result of publication in the Bulletin may be announced herein, as formerly. 


VOLUNTAR 


CONTRIBUTIONS .—Members obtaining positions through the medium of this service are 


invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year’s salary; temporary positions (of one month or less) 
three per cent of total salary received. The income contributed by the members, together with the finances appropriated 
by the four societies named above will tt ts hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS .—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated 4n each case, with a (wo cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 


ENGINEER, to take over line of carbon prod- 
ucts in New York territory. Headquarters, 
Pennsylvania. Apply by letter. X-3007-C. 

ELECTRICAL DESIGN ENGINEER, with 
mature judgment, for manufacturer of X-ray 
and medical apparatus. Must be thoroughly 
competent to undertake basic new design work 
in this field and must have originality and suff- 
cient executive ability to get things done. Apply 
by letter. Opportunity. Salary about $3600 a 
yeartostart. X-3403-C. 

GRADUATE ENGINEER, with general engi- 
neering experience related to industrial power 
applications, and specific experience in sale of 
power for public utility. Apply by letter. Loca- 
tion, Michigan. X-3882-C. 
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EXPORT SALES ENGINEER, 29, married, 
five years residence Europe and Far East, seeks 
position as manager or assistant in export depart- 
ment. Willing to make short trips abroad. 
Knows principal languages. Graduate Mas- 
sachusetts Institute of Technology, electrical engi- 
neering. Successful sales and engineering record. 
C-4204. 

SUPERINTENDENT OF CONSTRUCTION 
OR MAINTENANCE, 40, married; electrical] and 
mechanical engineer; desires new connection as 
superintendent of construction or maintenance 
engineer with power company or industrial plant. 
Fifteen years' experience steam, hydro, Diesel. 
Specialize High Volttage Transformers, switch 
gear installation and switch boards. Invite 
correspondence. Location, British Columbia. 
Pacific Northwest, South. C-4169-82-C-1 SAN 
FRANCISCO. 

GRADUATE ELECTRICAL AND COM- 
MERCIAL ENGINEER, 260, single, Carnegie 
Institute of Technology, 1926; General Electric 
Test Course; Electrical development work, con- 
struction, maintenance, retail selling. Available 
on short notice. Desires permanent position. 
Location, New York, Philadelphia, Cleveland. 
C-3476. 

ELECTRICAL ENGINEER, graduate, 26, 
married. 114 years on General Electric Test in 
Schenectady. 134 years as Power Engineer and 
one year as Distribution Engineer with public 
utility company, now occupied as Distribution 
Engineer. Desires position where there is chance 
for advancement. | C-4171. 

ELECTRICAL DESIGNING ENGINEER 
with broad experience in design and re-design 
of high- and low-voltage substations and under- 


ground systems. Thoroughly familiar with 
power plant auxiliary equipment, specifications, 
and estimates. C-1170. 

GRADUATE ELECTRICAL ENGINEER, 
39, married; 214 years General Electric Test; 
15 years as assistant to Electrical Engineer and 
General Foreman of Electrical Department for 
large Anthracite Coal Company. B-3554. 

ELECTRICAL AND MECHANICAL ENGI- 
NEER, graduate, 26, single. B.S.in M. E., 1925, 
two years graduate work in Electrical Engineering. 
Desfres instructorship in a college to teach Electri- 
cal Engineering subjects, mathematics or as 
Junior Engineer with an operating company. 
Available immediately. Location, immaterial. 
C-4153. - 

ELECTRICAL ENGINEER, 32, married, 
college graduate with five years’ experience in 
power plant and sub-station design and city 
distribution: also three years electrical contracting 
and estimating; available on three weeks’ notice. 
Location, New York City, preferably with small 
firm. C-950. 

ELECTRICAL ENGINEER, 28, single, one 
year Westinghouse Test Course, two and one- 
half years with a Public Utility, desires to change 
position to one where his experience will be of 
value and with prospects of opportunity after 


ability has been proven. C-890. 
ELECTRICAL ENGINEER, American, 
healthy, active and qualified by education, 


experience and ability to discharge the duties of 
general manager; at present holding position as 
works manager in plant employing three hundred 
hands, manufacturing electrical power apparatus, 
alternating and direct current motors and genera- 
tors, transformers, switchboards and control 
apparatus. Desires similar position. C-4206 

ASSISTANT TRANSMISSION OR DIS- 
TRIBUTION ENGINEER, 26, married. 1923 
graduate; 16 months Westinghouse Test; 18 
months Distribution Engineering, making maps 
and records, tests and investigations, revamping 
and new overhead layouts; 20 months Engineering 
Department, planning extensions, electrical calcu- 
lating, estimating budget and tax work. Loca- 
tion, East. C-3694. 

MECHANICAL ENGINEER, 45, married, 
with successful executive and sales management 
experionce. Desires connection with an estab- 
lished company of repute as sales representative 
or manager, or in an executive capacity.  Satis- 
factory references as to character, ability and 
successful record of achievements are available. 
Location preferred, Metropolitan Boston or New 
England. A-2112. 


ASSISTANT EXECUTIVE-ADMINISTR A 
TIVE ENGINEER, 36, married. Well balanced 
experience fifteen years covers: industrial surveys, 
cost analyses, commercial statistics, advertising . 
and administrative control. Seven years large 
company servicing subsidiaries and clients. 
Public utility experience. Prefers administrative 
or commercial to strictly technical. Location, 
New England, New York. B-9122. 

POWER PLANT ENGINEER, 24, single. 
Recent graduate, 1927, Electrical Engineer would 
work hard if given position with public utility in 
United States or South America. Desires ex- 
perience and opportunity for advancement. 
Good references. Location preferred, South 
America. C-2985. 

GRADUATE ELECTRICAL ENGINEER 
with ten years’ experience in central-station, sub- 
station, and power-transmission engineering, in- 
cluding construction, computation and design. 
Is qualified to take entire charge of such projects. 
Wishes to make a connection where hard work and 
ability will be recognized. C-3296. 

ELECTRICAL ENGINEER, 26, married, 
1920 graduate. 174 years’ testing experience 
Western Electric; 4 years teaching industrial 
electricity; familiar with wiring methods, motor 
repair work and radio business. Available 
June 15th, will consider summer position or per- 
manent position with future. Location pre- 
ferred, East. B-3781. 

RECENT GRADUATE, 22, single, of electrical 
engineering department of recognized technical 
college, desires employment with industrial con- 
cern as service or maintenance engineeer. Loca- 
tion preferred, West. C-4137. 

ELECTRICAL ENGINEER, 25, single. Tech- 
nical graduate, has had experience at practical 
electrical work. Reliable, industrious, pleasing 
personality, willing to learn. Does not expect 
large salary, but desires work of a technical nature 
with good chances for advancement. | C-4220. 

ELECTRICAL ENGINEER, 25, single, prot- 
estant; B. S. in E. E. graduate; 18 months General 
Electric test; 4 months fleld research work on 
power equipment; 21 months system operating 
for large New York State public utility. Desires 
change to position with opportunity for advance- 
ment. Location preferred, United States or 
Canada. O-4182. 

ELECTRICAL ENGINEER, graduate of 
Massachusetts Institute of Technology, 1924. 
Experience with large public utility company in 
engineering division of the commercial depart- 
ment; duties including preliminary design, esti- 
mating and coordination of engineering and 
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construction on industrial customer's substations, 
changeover and new business. Desires similar or 
power sales position with large Eastern utility. 
B-9077. 

CONSTRUCTION ENGINEER, 29, married. 
Three years' college, 544 years’ experience in 
power plant, indoor and outdoor substation con- 
struction; one year pole transmission line, some 
distribution. Can take charge of construction. 
Desires permanent connection. Location pre- 
ferred, Southeast, South, Middlewest or Foreign. 
C-4104. 

GENERAL FOREMAN, 30, married, desires 
position with assured advancement as reward for 
maximum application and energy. Ten years’ 
utility experience as utility man, collector lineman, 
mechanic, foreman and general foreman of con- 
struction, maintenance and operation, trans- 
mission and distribution. High School education. 
Can establish good relations with public and 
employees. C-4110. 

EXECUTIVE ENGINEER OR MANAGER 
AVAILABLE IMMEDIATELY, 39, married. 
Lifetime of general utility experience in above 
average responsibilities. Last five years execu- 
tive staff 300 in three-quarter million meter 
property, developing seven million dollars con- 
struction annually. Familiar all types of prob- 
lems. Prefer industrial connection affording 
opportunity of later buying interest. C-3963. 

INSTRUCTOR-ELECTRICAL ENGINEER, 


29, single, graduate, three years instructing 
electrical machinery; six summers’ experience 
commercial and experimental tests electrical 


machinery, design, analysis, transmission, railway 
‘ shop electrician, power, light engineering.  Fif- 
teen months’ steel mill electrician; thirteen 
months draftsman electrical department of steel 
mill. Desires to teach electrical machinery or 
superintend electrical department steel plant or 
other large operating company. C-4248. 

GRADUATE ELECTRICAL AND ME- 
CHANICAL ENGINEER, 33, married; also 
two years post graduate work in Physics. Six 
years development, design, supervision of con- 
struction automatic electrical devices. Last 
five years development, research high tension 
special equipment. Some work X-rays. Patents 
granted and pending. Qualified as consulting, 
designing or research engineer, where experience 
and training can be used to best advantage 
B-9406. 

DRAFTSMAN, with four years’ shop training 
and four years’ drafting experience in Locomotives, 
desires position in power plant design; salary 
$140. Location, Philadelphia. C-2837. 

ELECTRICAL SALES ENGINEER, 38, 
married. Yale graduate, 12 years with public 
utilities as sales engineer. Industrial maintenance 
and construction experience. Steel mill expe- 
rience for seven years. Desires sales work with 
some traveling. Location. New York. C-3093. 

ASSISTANT EXECUTIVE, 35, married, 
A. B. and B. S., Massachusetts Institute of Tech- 
nology. Desires connection with industrial or 
commercial organization. Chemical and electri- 
cal training. Ten years’ experience in experi- 
mental development of electrochemical products. 
At present holds responsible position in large 
technical organization. C-4243. 

ELECTRICAL ENGINEER as technical 
assistant in management problems. Graduate 
engineer, 25, married, 44% years’ varied experience; 
General Electric Test; construction, maintenance, 
inspection and design on heavy electric traction 


equipment. Broad experience in industrial ap- 
plications of electrical machinery. Business 
training. C-1048. 


ELECTRICAL ENGINEER, technical grad- 
uate, experienced in power plant design, meters, 
distribution wiring, applications of light and 
power, water power and semi-Diesel, construction 
of small plant and all types of maintenance. 
Prefer design, construction or maintenance. At 
present in business, will go anywhere. B-9007. 

SALES ENGINEER OR MANAGER, 37, 
married. Ten years’ experience selling central 
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station highly technical apparatus, experienced 
on high tension apparatus. Very wide acquain- 
tance. Hashad experience in manufacturing and 
design. Location, Philadelphia. C-2764. 

DISTRIBUTION ENGINEER, 26, married, 
B. 8. in E. E. Four years’ experience in plant in 
distribution work, latter including design, estimat- 
ing, supervision of construction and maintenance 
of systems of 13 KV and under. Also investiga- 
tions and valuation of electrical systems. C-4247. 

ELECTRICAL ENGINEER EXECUTIVE, 
married; twenty years’ experience in design, 
construction and operation of power planta, sub- 
Stations and transmission systems. Prepared 
specifications, reports and estimates on electrical 
construction work. Have had full supervision of 
designing of power and industrial plants. Made 
various improvements in plant operations. Re- 
cently received distinguished honors for important 
work. B-3954. 

ELECTRICAL MECHANICAL ENGINEER, 
technical graduate, desires connection with con- 
tracting or consulting engineering firm contemplat- 
ing forming an electrical department. Ex- 
perienced in power and substation design and 
industrial engineering. C-1141. 

ELECTRICAL ENGINEER, 41, married, 
Scandinavian, graduate of technical college, 
B. S., 9 years in United States. Varied ex- 
perience in design of electrical and mechanical 
apparatus. Capable of developing ideas. Also 
experienced in power houses and substations. 
Thorough education, knows several languages, 
including Spanish. Willing to travel but work 
along theoretical lines preferred. C-216. 

GRADUATE ELECTRICAL ENGINEER, 
27, single. Five years’ experience in transmission 
and substation construction in the west; eight 
months in industrial plants. Desires position 
along engineering lines, and opportunity for 
permanent employment. Location, immaterial. 
C-3564. 

ELECTRICAL ENGINEER, 35, married. 
University graduate. 14 years’ industrial and 
mining electrification including design, construc- 
tion, maintenance. Past three years designing 
complete electrification for cement plants. Ex- 
perience covers power plants, substations, dis- 
tribution and latest control equipment. Seeks 
permanent connection with large operation. 
B-9113. 

RESEARCH ENGINEER, graduate Electrical 
Engineer with twenty years' experience covering a 
wide range of manufacturing and utility work, 
in shop, laboratory; drafting and design of small 
electrical and mechanical devices. Investive and 
resourceful. Desires connection with a growing 
industry of sound principles, to take charge of 
research or developmental engineering. C-1867. 


ELECTRICAL ENGINEER. Graduate of 
Illinois, E. E., 1925. Experience in drafting, 
specification writing. and industrial teaching, 
telephone circuits and theory. Two and one- 
half years' experience in telephone development 
work with Bell T'elephone Laboratories. Quali- 
fied to do research and development work in radio 
and allied fields. C-4232. 


ELECTRICAL ENGINEER desires connec- 
tion leading to executive or managerial duties. 
Technical graduate: has had successful experlence 
in organizing nationwide engineering service; 
training would qualify for service in lines other 
than electrical. B-122. 


ELECTRICAL ENGINEERING  GRAD- 
UATE, 23, single. One year General Electric 
Test, including railway controls and automatic 
substation equipment. One year radio concern. 
Desires work on steam railroad electriflcation 
or with electric railroad. C-4241. 


COLLEGE TRAINED ENGINEER, with 
years of experience in meter department work, 
who welcomes present conditions because they 
enable him to do best work; in search of a big, 
back-breaking opportunity. When he finds it, 
he has to offer knowledge and experience, an 
energetic and forceful personality and a single 
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mind devoted to the best interest of his employer. 
O-4229. 

ELECTRICAL ENGINEER, 30, married, 
desires position with Public Utility, consulting 
firm where there is opportunity for advancement. 
134 years General Electric Test; 3 years’ experi- 
ence in design of industrial control apparatus. 
Wide knowledge of application of control. At 
present employed, available one month. Excel- 
lent references. Location, New York, New Jersey. 
Southern New England. C-4263. 

CHIEF ELECTRICIAN, ASSISTANT TO 
PLANT ENGINEER. Five year apprentice- 
ship factory course. Thorough electrical, me- 
chanical training. Efficient department organ- 
izer, accustomed handling men. Ten years 
supervision maintenance, new construction, 20,000 
H/P industrial plant. Expert winder A. C. and 
D. C. motors, generators; transformers. Desires 
position industrial organization, public utility, 
electrical department of machinery insurance, or 
or sales department. United States, foreign. 
C-4249. 

SENIOR of the graduating class of Massa- 
chusetts Institute of Technology, taking the 
Electrical Engineering Course would like a position 
on the sales force of a company selling or manu- 
facturing electrical apparatus. Position in the 
eastern part of United States preferred. C-4253. 

GRADUATE ELECTRICAL ENGINEER, 
University of Washington, 1925, 30, single. 
Experience: 1 year Public Utility; 1!4 years 
Hydro Electric Construction; 144 years General 
Electric Test, 1 year General Electric design and 
construction foreman experience in steel mills 
and coal mines; 2 years electrical design, mapping 
and construction. C-2290. 

ELECTRICAL ENGINEER, 28. married, 
technical graduate, 6 years' experience test super- 
vision with A. C. public utility, one years' teaching 
experience, executive,  statistician. organizer. 
Desires position with progressive organization 
offering reasonable ad vancement for conscientious, 
energetic worker. C-1346. 


ELECTRICAL ENGINEER, 34, single, de- 
gree E. E.; desires position with engineering con- 
cern or public utility requiring executive ability. 
Ten years' experience covering engineering, design 
and valuation of power plants, substations, trans- 
mission and distribution lines. Location, East. 
B-359. 

ASSISTANT TO EXECUTIVE, 25, married. 
graduate of Massachusetts Institute of 'Tech- 
nology, Electrical Engineering. Two years shop 
and sales office. large electrical manufacturer. 
Two years assistant job engineer. firm of con- 
sulting engineers. Two years purchasing agent, 
same firm. Capable of handling responsible 
work independently. Location. New York City 
or New England but not restricted. C-3912. 

SALES ENGINEER, 37, married; 14 years' 
engineering sales, General Electric Test, General 
Electric Engineering Department. Have handled 
successfully business contacts with the highest 
executives on Public Utilities, which has given 
confidence and the moral background to meet any 
requirements. Interested only in connection 
where income will be $6500 per year. C-4271. 


GRADUATE ELECTRICAL ENGINEER, 
single. Graduate of Armour Institute of Tech- 
nology. One years’ experience in electrical utility 
student course, covering generation, distribution, 
street, and contract departments; three months 
with budget section of large utility. Desires to 
transfer to engineering or research with utility 
or manufactory. Location, immaterial: United 
States or foreign. C-3822. 


GRADUATE ELECTRICAL ENGINEER 
with twenty years’ experience; last seven as 
superintendent of hydroelectric, rotary converter, 
and mill electrical equipment. installations, 
operation and maintenance; capable organizer, 
experlenced in handling men.  Desires position 
with large manufacturing concern or public 
utility as electrical superintendent, engineering 
manager or in engineering department with 
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opportunity for advancement along executive 
lines. C-4013. 

EXECUTIVE ENGINEER, qualified to super- 
vise planning, design, construction, maintenance 
and investigations of industrial and utility plants 
and equipment, office building equipment instal- 
lations; also to improve power supply and utiliza- 
tion, the arrangement of manufacturing machin- 
ery and equipment to produce increased and 
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improved output of product at lower unit and 
toral costs. B-5552. 

GRADUATE ELECTRICAL ENGINEER, 
41, married; 17 years’ practical electrical and 
mechanical experience in powerplants, substations, 
transmission and distribution, industrial and 
lighting installations; layout, estimating and fleld. 
Also practical, scientific research and development 
experience. Location, New York City. B-8609. 
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ELECTRICAL ENGINEER, technical grad- 
uate experienced in development, design and 
manufacture of instruments and small electrical 
apparatus. Expert in standardizing such prod- 
ucts for commercial manufacture. Developing 
and planning new methods and processes, inspec- 
tions and tests. Experienced executive thoroughly 
familiar with modern factory organization and 
administration. American born Christian. B-2721. 
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RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its meeting held 
March 21, 1928, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the National 
Secretary. 

To Grade of Fellow 


CLOKEY, ALLISON A., Telegraph Engineer, 
Bell Telephone Laboratories, New York. 


To Grade of Member 


CROFOOT. CLARENCE E., Head of Elec. 
Dept. and Acting Head of Technical High 
School Division, Utica Free Academy, Utica, 
N.Y 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for ad- 
mission as an Associate. If the applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates, should so 
inform the Secretary before April 30, 1928. 
Abrahamson, H. B., Northern States Power Co., 
St. Paul, Minn. 

Adache, W., Detroit Edison Co., Detroit. Mich. 

Allen, D. B., Southern California Edison Co., 
Alhambra, Calif. 

Baker. R. M., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Ballenger. W. M., General Electric Co., St. Louis, 
Mo. 

Barley, L. A., Mountain States Inspection 
Bureau, Denver, Colo. 

Beatty, H. M., Dingle-Clark Co., 
Ohio 

Berend, L., Rochester Gas & Electric Corp., 
Rochester, N. Y. 

Beyer, G. W., General Electric Co., Buffalo, N. Y. 

Block, M. G., New York Telephone Co., New 
York, N. Y. 

Blum. E., Westinghouse Elec. & 
Newark, N. J. 

Bockmann, H., Electrical Management & Engi- 
neering Corp., New York, N. Y. 

Boyd. S. W., with Robert S. Newcomb, Atlanta, 
Ga. 

Brandon, M. M., Underwriters Laboratories, Inc., 
Chicago, Ill. 

Brisbin, W. J., Western Electric Co., Pittsburgh. 
Pa. 

Brossman, C., (Member), Cons. Pr. 
Plant Engr., Indianapolis, Ind. 

Bruce, J., Southern California Edison Co., Long 


Cleveland, 


Mfg. Co., 


& Utility 


Beach, Calif. 

Buchanan, J. C., Warner Service Co., Knoxville, 
'Tenn. 

Bullock, H. S., Hawley Pulp & Paper Co., 


Oregon City, Ore. 

Burkholder, R. R., Westinghouse Elec. & Mfg. 
Co., Philadelphia, Pa. 

Burley, J. G., Hydro-Electric Power Commission 
Labs., Toronto, Ont. Can. 

Cadenas, F. J.. (Member), National 
Works, G. E. Co., New York, N. Y. 


Lamp 


Campbell, J. C., Carlisle & Finch Co., Cincinnati, 
Ohio 

Carmichael, J. J., Independent Elec. Machinery 
Co., Kansas City, Mo. 

Carson, J. P., Graybar Electric Co., Spokane, 
Wash. 
(Applicant for re-election.) 

Cawson, W. F., Public Service Co. of No. Illinois, 
Waukegan, Ill. 

Chabot, A. J., General Electric Co., Schenectady, 
N.Y. 

Cooley, W. G., Illinois Power & Light Co., 
Granite City, Ill. 

Connor, C. A., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Costigan, J. P. McD., Shawinigan Water & Power 
Co., Montreal, P. Q., Can. 

Cottrell, B. P. , Mass. Inst. 
Cambridge, Mass. 

Crandall, E. L., General Electric Co., Schenec- 
tady, N. Y. 

Crawford, C. G., Utica Mining Co., 
Camp, Calif. 

Crawford, W. E., (Member), A. O. Smith Corp., 
Milwaukee, Wis. 


of Technology, 


Angels 


Davison, G. W., General Railway Signal Co., 
Rochester, N. Y. 
Dawson, C. H., Pacific Tel. & Tel. Co., San 


Francisco, Calif. 

Day, C. M., (Member), 
Denver, Colo. 

Donkersley, A. B., Westinghouse Elec. & Mfg. 
Co., New Haven, Conn. 

Dorfer, H,. (Member), Electrical Engineer, New 
York, N. Y. 

Duley, I., New York Edison Co., New York, N. Y. 

Duryee, L. M., South County Public Service Co., 
Westerly, R. I. 

Egan, J. F, K & B Electric Equipment Co., 
New York, N. Y. 

Evans, D. C., Triumph Electric Corp., Carthage, 
Ohio 

Ferguson, J. C., Hydro-Elec. Pr. Comm. of 
Ontario, Toronto, Ont., Can. 

Fickel, L. V., Westinghouse Elec. & Mfg. Co., 
Denver, Colo. 

Fies, J., Texas Power & Light Co., Dallas, Texas 

Fletcher, H. J., Vermont Hydro-Electric Corp., 
Rutland, Vt. 

Frank, H. E., A. C. Motor Service, Jersey City, 
N.J. 
Gahnkin, V. G., (Member), 
Co., Brooklyn, N. Y. 
Garland, E. R., Triumph Electric Corp., Cin- 
cinnati, Carthage, Ohio 

Godfrey, H. D., Rochester Telephone Corp., 
Rochester, N. Y. 

Goff, C. L., Phoenix Utility Co., Allentown, Pa. 

Gordon, J. H., Jr., (Member), New York Tele- 
phone Co., Brooklyn, N. Y. 

Gray, T. S., Mass Institute of Technology, 
Cambridge, Mass. 

Hagen, E., Niagara Electric Service Corp., 
Niagara Falls, N. Y. 

Haglund, H. H., (Member), Western Union Tele- 
graph Co., New York, N. Y. 

Hall, N. A., Willis & Hall Electric Co., Regina, 
Sask., Can. 

Hamilton, F. A. Jr. 
Schenectady, N. Y. 


Bureau of Reclamation, 


Brooklyn Edison 


General Electric Co., 
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Hartung, A. F., General Electric Co., Phila- 
delphia, Pa. 

Heineken, P., Public Service Production Co., 
Newark, N. J. 

Herrick, R. W., General Electric Co., Providence, 
R.I. 

Herzberger, F. H., Westinghouse Elec. & Mfg. 
Co., Denver, Colo. 

Hogan, A. S., Northern States Power Co., St. 
Paul, Minn. 

Holmes, M. L., Commonwealth Edison Co., 
Chicago, Ill. 

Holthaus, H. B., Illinois Power & Light Corp., 
East St. Louis, Ill. 

Houghton, H. M., New York Central Railroad, 
Harmon, N. Y. 

Hovland, H., (Member), Bell Telephone Labora- 
tories, New York, N. Y. 

Howell, Je O., Railroad Commission, State of 
Calif., San’ Francisco, Calif. 

Hughes, R. F., Westinghouse Elec. & Mfg. Co., 

- East Pittsburgh, Pa. 

Hussey, S. R., Columbia Engineering & Manage- 
ment Corp., Cincinnati, Ohio 

Johnson, A., Brooklyn Edison Co., Brooklyn, 
N. Y. 

Johnston, D. H., Jr.. (Member), Cons. Gas, Elec. 
Lt. & Pr. Co., Baltimore, Md. 

Jones, F. L., Electric Controller & Mfg. Co., 
New York, N. Y. 

Keil, M. T., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Kirsch, C. F., William H. Ludwig, Brooklyn, N. Y. 

Koch, M. R., Electric Power & Equipment Oo., 
Columbus, Ohio 

Koch, P. W., Paul W. Koch Co., Chicago, Ill. 

Komnenos, N. A., Washington University, St. 
Louis. Mo. 

Lacerte, W. J., Bell Telepbone Laboratories, 
New York, N. Y. 

Lancto, J. W., Hartford Electric Light Co., 
Hartford, Conn. 

Landesberg, M. M., Landesberg Engineering Co., 
Brooklyn, N. Y. 

La Pierre, C. W., General Electric Co., Phila- 
delphia, Pa. 

Larson, M. N., Public Service Co. of No. Illinois, 
Waukegan, Ill. 

Lindsay, J. B., Leeds & Northrup Co., Phila- 
delphia, Pa. 

Luckett, A. F., Rocbester Gas & Electric Corp., 
Rochester, N. Y. 

Mac Lean, 'T. W., Washington Water Power Co., 
Spokane, Wash. 

Mallina, R. F., (Member), Victor Talking Ma- 
chine Co., Camden, N. J. 

Manning, O. R., Illinois Power & Light Corp., 
Granite City, Ill. 

Marsters, F. H., Mutual Telephone Co., Erie, Pa. 

Martin, C. A., The Dingle-Clark Co., Cleveland, 


Ohio 
McCarthy, F. E. New York Telephone Co., 
Albany, N. Y. 


McInturff, R. H, (Member), General Electric 
Co., Dallas, Texas 

Mendenhall, J. W., Mount Spokane Power Co., 
Deer Park, Wash. 

Mittman, C. F., 1663 First Ave., New York, N. Y. 

Nagle, R. F., Union Switch & Signal Co., Swiss- 
vale, Pa. 
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Neff, E. N.. Westinghouse Elec. & Mfg. Oo., 
Sharon, Pa. 

Nelson, A., Westinghouse Elec. 
Minneapolis, Minn. 

Nemetz, D., Dominion Electric Power Co., 
Gravelbourg, Sask., Can. 

Peterson, J. E., 8441 85th Road, Woodhaven, 
N. Y. 

Petrie, A. E., Illinois Bell Telephone Co., Chicago, 
IH. 

Quinn, N. W., Production Magazine; Electrical 
League of Cleveland, Cleveland, Ohio 

Ransom, G. B., American Tel. & Tel. Co., Cleve- 
land, Ohio 

Reves, L., Atmospheric Nitrogen Corp., Syracuse, 
N. Y. 

Rice, C. N. Jr., with Albert S. Richey, Chatta- 
nooga, Tenn. 

Richardson, B. P.. Jr., U.S. N. R., V. J. Squadron 
2S, c/o Postmaster, N. Y. 

Rider, J. F, Advertising, 270 Madison Ave., 
New York, N. Y. 

Riley, G. A., Los Angeles Gas -& Electric Corp., 
Los Angeles, Calif. 
(Applicant for re-election.) 

Robertson, J. G., Jr., Union Electric Co., Webster 
Groves, Mo. 

Roch, L. J., Dept of City Transit of Philadelphia, 
Philadelphia, Pa. 

Rozeboom, R. A., Southern Bell Tel. & Tel. Co., 
Atlanta. Ga. 

Schuler, R. G., 
Chicago, Ill. 

Schultze, C. O., Lehigh Valley Railroad Co., 
Buffalo, N. Y. 

Schwarze, K., University of Santa Clafa, San Jose, 
Calif. 

Sciotti, F., Rhode Island Electric Protective Co., 
Providence, R. I. 

Shaheen. 8., Public Service Electric & Gas Co., 
Metucheon, N. J. 

Simpson, W. F., Bell Telephone Laboratories, 
Inc., New York, N. Y. 

Smith, A. L., (Member), U. G. I. Contracting Co., 
Devon, Conn. 

Smith, J. Y., (Member), Atmospheric Nitrogen 
Corp., Syracuse, N. Y. 

Smith, W. M., Eastern Mass. Electric Co., 
Salem, Mass. 

Stannard, S. C., Ingersoll-Rand Co., Denver, 
Colo. 

Steiger, B. F., Oxweld Acetylene Co., Newark, 
N.J. 

Stevens, W. P., Texas Power & Light Co., Dallas, 
Texas 

Strong, H. D., General Electric Co., Los Angeles, 
Calif. 

Sykes, L. W., (Member), Western Electric Co., 
Denver, Colo. 

Tarajano, G. A., Columbia University, New York, 


& Mfg. Oo., 


State Line Generating Co., 


N.Y 

Thiele, L. E., Postal Telegraph-Cable Co., Dallas, 
Texas 

Thoma, A. J., New York Telephone Co., New 
York, N. Y. 


Thomas, F. B., (Member), Victor American Fuel 
Co., Denver, Colo. 

Tucker, W. E., Jr., Mass. Irt. of Technology, 
Cambridge, Mass. 

Van Wagner, P., (Member), Copperweld Steel 
Co., New York, N. Y. 

Vaughan, H. L., Mountain 
Co., Denver, Colo. 

Volck, A. G., (Member), Cecil de Mille Picture 
Corp., Culver City, Calif. 

Walters, C. F., New York Telephone Co., 
Brooklyn, N. Y. 

Ward, C. A., Electrical Bureau, Paterson, N. J. 

Willcox, B. W., General Electric Co., Buffalo, 
N. Y. 

Wolf. C. W., Square D. Co., Detroit, Mich. 

Wolfe, H. C., Chromium Corp. of America, 
Cleveland, Ohio. 

Wrasman, J. J., Electric Controller & Mfg. Co., 
Cleveland, Ohio 

Total 138. 


States Machinery 


INSTITUTE AND RELATED ACTIVITIES 


Foreidn 


Burns, P. L., (Fellow), Queen's Univ.; Municipal 
College of Technology, Belfast. Ireland 
Collier, A. C., Durban Corp., Durban, Natal, S. 
Africa 

Elphick, E. de B., Madras Electric Supply Corp., 
Ltd., Vepery, Madras, India 

Jain, C. L., Power House, Bharatpur, Rajputana, 
India 

Ohkubo, T.. Nihon Denryoku K. K Kitaku, 
Soje-Cho, Osaka, Japan 

Uno, S., Tokyo Electric Light Co., Ltd., Sakura- 
dahongo-Cho, Shiba-kee, Tokyo, Japan 

Wilson-Rae, J. R., Westinghouse Elec. & Mfg. 
Co., Buenos Aires, Arg. Rep., So. Amer. 

Yagi, H., (Member), College of Engg., Tohoku 
Imperial University, Sendai, Japan 

Total 8. 


STUDENTS ENROLLED 


Abrahamson, Arthur L., University of Minnesota 
Abrahamson, LeRoy M., Jr., Univ. of Minnesota 
Adams, Crawford, M., University of Vermont 
Alberi, Albert, New York University 
Alsing, Carl F , Worcester Polytechnic Institute 
Alspaugh, Raymond M., University of Kansas 
Anderson, Arnold O., University of Minnesota 
Anderson, Eimer A., Case School of Applied 
Science 
Bailey, Loren A., Louisiana State University 
Baldock, Carroll M., Virginia Polytechnic Inst. 
Bancroft, Herman, Northeastern University 
Bartels, Arnold T., University of Wisconsin 
Baunsgard, Lee A., University of Washington 
Beckham, Benjamin M., Jr., Virginia Poly. Inst. 
Bodman, John M., State College of Washington 
Bohrer, Donald M., University of Minnesota 
Bonzi, Febo, University of California 
Borchardt, L. F., University of Minnesota 
Boyer, James B., Pennsylvania State College 
Brader, Ralph A., Newark College of Engineering 
Braum, Cyril M., University of Minnesota 
Brennecke, Cornelius, Columbia University 
Brinsko, George M., University of Pittsburgh 
Brooks, Clifton J., Case School of Applied Science 
Brumback, Fred I., Virginia Polytechnic Inst. 
Bryant, Carlton F., Pennsylvania State College 
Burn, Edward M., Georgia School of Technology 
Burton, Walter A., Virginia Polytechnic Institute 
Cahn, Harold. University of Minnesota 
Caldwell, Richard A., Calif. Institute of Tech. 
Campbell, Richard L., Iowa State College 
Capron, Robert B., Columbia University 
Carnevale, Oscar A., Brown University 
Casper, Charles L., University of Louisville 
Cherry, Carlton E., University of California 
Chin, Luther, Q. H., Worcester Poly. Inst. 
Clarenden, Charles H., Jr., Newark Col. of Engg. 
Coit, Frank R., University of California 
Cooper, Thomas R., West Virginia University 
Cowles, Laurence G., University of Vermont 
Crosby, Frank A., University of California 
Crosby, William L., Worcester Polytechnic Inst. 
Darnielle, Robert B., University of Minnesota 
Darrah, Charles C., Virginia Polytechnic Inst. 
de La Torre, Juan B., Engg. School of Milwaukee 
Deming, Paul S., Oklahoma A. & M. College 
Dempster, William B., University of California 
DeVoy, William T., University of Minnesota 
Dickie, Alexander M., University of California 
Dickinson, Arthur H., Union College 
Dorow, Ernest W., University of Pittsburgh 
Downs, Eugene F., Worcester Polytechnic Inst. 
Doyle, Rhederick E., Jr., Virginia Poly. Inst. 
Drgon, John A., University of Pittsburgh 
Dybvig, Edwin S., University of Minnesota 
Eckstein, A. Joseph, University of Wisconsin 
Edey, F. E., University of Minnesota 
Eglit, William F., Brooklyn Polytechnic Inst. 
Eliasen, Eilert J., University of Washington 
Elliott, Carroll L., University of Minnesota 
Ellison, Huyler B., Mass. Institute of Technology 
Evans, Samuel, University of Louisville 
Fansler, Bender I., Virginia Polytechnic Inst. 
Fingerman, Sam, Jr., University of Colorado 
Finnoll, Thomas C., University of Minnesota 
Fitzgerald, Arthur E., Brooklyn Polytechnic Inst. 


Journal A. I. E. E. 


Fleager, William M., University of California 

Forrest, Melbourne A., New York University 

Fox, Clair C , University of Minnesota 

Fries, Herbert, Marquette University 

Frost, C. Forest, University of Californía 

Gaines, F. Lloyd, University of California 

Gallup, Harold L., Rensselaer Polytechnic Inst. 

Gelmine, Bert J., University of Detroit 

Gille, Willis H., University of Minnesota 

Ginnaty, John R., University of Minnesota 

Godwin, Harold B., McGill University 

Goodale, E. Dudley, Union Coliege 

Goode, Thomas L., University of Texas 

Gran, Conrad L., University of Minnesota 

Granbois, Kenneth J., University of Minnesota 

Grant, Richard H., Pennsylvania State College 

Gray, Wesley, University of Minnesota 

Greenfleld, Elliott M., College of the City of 
New York 

Greenhalgh, Howard C., Stanford University 

Gwinn, J. Kenneth, West Virginia University 

Hall, Norman B., University of Michigan 

Harrington, Joseph H., University of California 

Harrison, John W., University of California 

Healy, Joe M., University of Minnesota 

Heidmann, Karl R., University of Minnesota 

Herman, Clairmont J., University of Nebraska 

Hesser, James M., The Johns Hopkins University 

Hill, Harold P., Stanford University 

Hill, Henry E., Stanford University 

Hillis, Herbert F., Worcester Polytechnic Inst. 

Hodges, Raymond O., Virginia Polytechnic Inst. 

Holmberg, Harold L., Engg. School of Milwaukee 

Holmstrom, George, University of Minnesota 

Houldin, Joseph F., Pennsylvania State College 

Howland, Arden S., Northeastern University 

Hughes, Edward C., Jr., Rensselaer Poly. Inst. 

Hughes, Glen E., University of Oklahoma 

Huguet, Cecil F., University of Illinois 

Iversen, I. Vee, University of Washington 

Jacobson, Carl A., University of Minnesota 

Johannessen, Raymond, New York University 

Johnson, Goodrich L., Union College 

Kay, James M., Mass. Institute of Technology 

Keefe, Albert E , University of Kansas 

Kilby, W. DeVoll, Union College 

Kirk, Walter C., Pennsylvania State College 

Klien, William 8., Oregon State College 

Knapp, Nicholas, Jr., College of the City of New 
York 

Korba, Anton A., University of Minnesota 

Krajnak, Robert, University of Louisville 

Kuefler, Edward L., University of Minnesota 

Laitinen, Albeen, Union College 

Larson, Harold O., University of Minnesota 

Lebedeff, George M., University of California 

LeGates, Eber T., University of Delaware 

Leggett, Milton B., Newark Col. of Engineering 

Lester, Paul S., Brooklyn Polytechnic Institute 

Lewis, Everett F., Northeastern University 

Liljestrand, Milton O., Rice Institute 

Lind, Theodore R., University of Nebraska 

Lott, Wiley G., Engineering School of Milwaukee 

Lowe. Alvon F., University of California 

Lucas, Eustaquio L., University of Washington 

Manty, William A , Worcester Polytechnic Inst. 

Martin, Clyde D., Iowa State College 

Mason, H. Eugene, Rensselaer Polytechnic Inst. 

Matson, John W., Jr., University of Pittsburgh 

McCartney, George H., University of Pittsburgh 

McGowan, Frederick J., Jr., Worcester Poly- 
technic Institute 

Meeks, Edwin D., University of Minnesota 

Millunchick, John W., University of Minnesota 

Morgan, Adolph R., University of California 

Morrison, Claude O., University of Nebraska 

Mors, Charles W., University of California 

Morse, Merton F., University of Maine 

Mowry, Kenneth W., Georgia School of Tech- 
nology 

Mueller, Robert, University of Minnesota 

Mullen, Francis J., Brooklyn Polytechnic Inst. 

Neal. Albert R., University of New Hampshire 

Nelson. Forrest S., Worcester Polytechnic Inst. 

Nelson, John K., Northeastern University 

Nield, Ernest E., University of Illinois 

Noll, A. Robert, Pennsylvania State College 


April 1928 


Norton, Edward G., Jr.. Worcester Polytechnic 
Institute 

Nothdurft, LeRoy H., Mass. Institute of Tech. 

Ohrn, Carl T., Worcester Polytechnic Institute 

Oman, Lloyd L., University of Minnesota 

Oser, Walter K., Mass. Institute of Technology 

Packard, Lyman W., University of California 

Painter, William H., University of Minnesota 

Palmer, William H., McGill University 

Paulovich, Morris, College of the City of New 
York 

Payne, Louis D., University of California 

Pehrson, E. LeRoy, University of Minnesota 


INSTITUTE AND RELATED ACTIVITIES 


Rotta, Allen E , University of Washington 
Rugge, Raymond, University of Kansas 
Rumpel, Carl H., Mass. Institute of Technology 
Rumreich, Frank T., Marquette University 
Sanders, Vaughan, Clarkson College of 'Tech. 
Schuchhardt, Robert A., Rensselaer Polytechnic 
Institute 
Seavey, Raymond N., Northeastern University 
Senatore, Vincent, College of the City of 
New York 
Shanklin, John P., Virginia Polytechnic Institute 
Shelhorse, George P., Virginia Polytechnic Inst. 
Shenk, William E., Mass. Institute of Technology 
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Tinsley, N. L., University of Kansas 

Tucker, Arthur G., Jr., Virginia Polytechnic Inst. 

Tyne, John J., Jr., Rensselaer Polytechnic Inst. 

Van Orsdel, Wilbur, South Dakota State College 
Of A. & M. Arts 


Van Wie, William A., University of Nebraska 

Vartdal, Victor K., University of Minnesota 

Vigness, Irwin, University of Minnesota 

Vilsack, Robert M., University of Pittsburgh 

Volkmann, Herbert F., Engineering School of 
Milwaukee 


von Erichsen, Rudolph, Virginia Polytechnic Inst. 


Percell, Frank W., Eng. School of Milwaukee 

Perkins, Cecil, University of Illinois 

Phillips, G. E.. West Virginia University 

Pond, James C., Iowa State College 

Pratt, Harvey A., Rensselaer Polytechnic Inst. 

Preble, Eugene W., Virginia Polytechnic Institute 

Pringle, Mark A., Rensselaer Polytechnic Institute 

Prouty, Jess B., Jr., University of Utah 

Quell, Charles H., College of the City of New York 

Reiskind, Hillel I., Rensselaer Poly. Institute 

Rhodes, Donald, McGill University 

Rice, Robert F., Ohio Northern University 

Richard, Norbert J., Engineering School of 
Milwaukee 

Ring, Douglas H., Stanford University 

Roper. Otis, University of Washington 


OFFICERS A. I. E. E. 1927-1928 


President 
BANCROFT GHERARDI 


Junior Past Presidents 
M. I. Pupin 


Vice-Presidents 
O. J. FERGUSON 


E. R. NORTHMORE 
J. L. BEAVER 
A. B. CooPER 


C. C. CHESNEY 


H. M. HoBART 
B. G. JAMIESON 
GEORGE L. KNIGHT 
H. H. ScHOOLFIELD 


A. E. Bettis C. O. BICKELHAUPT 
Managers 

Joan B. WHITEHEAD I. E. MOULTROP 

J. M. BRYANT H. C. Don CaRLos 


E. B. MERRIAM F. J. CHESTERMAN 


M. M. FOWLER F. C. HANKER 
H. A. KIDDER E. B. MEYER 
E. C. STONE H. P. LIVERSIDGE 


National Secretary 
F. L. HUTCHINSON 
Honorary Secretary 
RALPH W. POPE 


LOCAL HONORARY SECRETARIES 
T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 


H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House, 
11 Castlereagh St., Sydney, N. S. W., Australia. 


P. as Serres Rio de Janeiro Tramways, Light & Power Co., Rio de Janeiro, 
Tazu. 


Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 

A. S. Garfield, 45 Bd. Beausejour, Paris 16 E., France. 

P. W. Willis, Tata Power Companies, Bombay House, Bombay, India. 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

P. H. Powell, Canterbury College, Christchurch, New Zealand. 

Axel F Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I. E. E. COMMITTEES 


. (A uist of the personnel of Institute committees may be found in the January 
issue of the JOURNAL.) 


GENERAL STANDING COMMITTEES AND CHAIRMEN 
Executive, B. Gherardi 

FrxANcE, H. A. Kidder 

MEETINGS AND Papers, H. P. Charlesworth 

PuBLICATIQN, E. B. Meyer 

COORDINATION OF INSTITUTE ACTIVITIES, G. L. Knight 

Boarp op EXAMINERS, E. H. Everit 

Sections, W. B. Kouwenhoven 

StupENT BRANCHES, J. L. Beaver 

MEMBERSHIP, E. B. Merriam 

HEADQUARTERS, G. L. Knight 

Law, C. O. Bickelhaupt 

Pusiic PoLicy, H. W. Buck 

STANDARDS, J. Franklin Meyer 

Eptson MEDAL, M. I. Pupin 

CODE oF PRINCIPLES OF PROFESSIONAL CoNpucT, John W. Lieb 


National Treasurer 
GEORGE A. HAMILTON 


Shuper, Adolph H., University of California 
Sievert, William H., University of California 
Silberfeld, Nathan, Newark College of Engineering 
Simpson, Charles E., Northeastern University 
Sippola, Wilbert V., University of Texas 
Skannal, Charles F., Georgia School of Tech. 
Smalts. Franklin W., Virginia Polytechnic Inst. 
Soble, Allen, Virginia Polytechnic Institute 
Solotwa, Stephen, Lehigh University 

Squibb, Robert W., Ohio University 

Street, Montfort G., University of Utah 

Suhr, Fred W., University of Minnesota 
Szymczyk, Stanley J., Northeastern University 
'Talcott, T. Wilson, University of Louisville 
Tankersiey, Harold A., University of Texas 
Theile, William E., University of California 


Wall. Cyril T., University of Minnesota 
Wallace, Lloyd K., Texas A. & M. College 
Walsh, Thomas S., Northeastern University 
Walsh, W. Clarence, West Virginia University 
Warneke, Roman C., University of Minnesota 
Warren, Robert E., University of Minnesota 
Weiss, Leonard L., University of Denver 
White, Edwin T., University of Maine 

Wild, Frederick, University of California 
Wilder, Harold F.. Northeastern University 
Wise, Robert T., Mass. Institute of Technology 
Woods, Frank L., Brooklyn Polytechnic Institute 
Woodworth, J. Lewis, University of California 
Zanzot, Raymond J., University of California 
Zoueff, Alexander, University of California 


Total 227. 


COLUMBIA UNIVERSITY SCHOLARSHIPS, W, I. Slichter 
AWARD OF INSTITUTE Prizes, H. P. Charlesworth 
SAFETY Copes, J. P. Jackson 


SPECIAL COMMITTEES 


ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ARTS, J. P. Jackson 
LICENSING OF ENGINEERS, Francis Blossom 


TECHNICAL COMMITTEES AND CHAIRMEN 


AUTOMATIC STATIONS, Chester Lichtenberg 

COMMUNICATION, H. W. Drake 

EDucaATION, P. M. LINCOLN 

ELECTRICAL MACHINERY, F. D. Newbury 

ErECTRIC WELDING, J. C. Lincoln 

ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Vinal 
ELEcTROPHYSiCS, V. Karapetoff 

INSTRUMENTS AND MEASUREMENTS, Everett S. Lee 
APPLICATIONS TO IRON AND STEEL PRODUCTION, A. G. Pierce 
PRODUCTION AND APPLICATION OF LicGHT, Preston S. Millar 
APPLICATIONS TO MARINE Work, W. E. Thau 
APPLICATIONS TO MINING Worx, W. H. Lesser 

GENERAL POWER APPLICATIONS, A. M. MacCutcheon 
Power GENERATION, W. S. Gorsuch 

PowER TRANSMISSION AND DISTRIBUTION, Philip Torchio 
PROTECTIVE Devices, F. L. Hunt 

RESEARCH, F. W. Peek, Jr. 

TRANSPORTATION, J. V. B. Duer 


A. I. E. E. REPRESENTATION 


(The Institute is represented on the aud: bodies; the names of the repre- 
sentatives may be found in the January issue of the JOURNAL.) 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL 
AMERICAN BUREAU OF WELDING 

AMERICAN COMMITTEE ON ELECTROLYSIS 

AMERICAN ENGINEERING COUNCIL 

AMERICAN ENGINEERING STANDARDS COMMITTEE 

AMERICAN MARINE STANDARDS COMMITTEE 

AMERICAN YEAR Book, ADVISORY BOARD 

BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 

CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE 
COMMITTEE OF APPARATUS MAKERS AND USERS, NATIONAL RESEARCH COUNCIL 
COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS 


ENGINEERING FOUNDATION BOARD 
OHN FRITZ MEDAL BOARD OF AWARD 
OINT COMMITTEE ON WELDED RAIL JOINTS 
OINT CONFERENCE COMMITTEE OF Four FOUNDER SOCIETIES 
IBRARY BOARD, UNITED ENGINEERING SOCIETY 
NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 
NATIONAL FIRE WASTE COUNCIL 
NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 
NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF ENGINEERING SECTION 
THE NEWCOMEN SOCIETY 
RADIO ADVISORY COMMITTEE, BUREAU OF STANDARDS ` 
SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OF INVESTI- 
GATION AND COORDINATION 
U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION l 
U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ILLUMINATION COM- 
MISSION 
WASHINGTON AWARD, COMMISSION OF 
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INSTITUTE AND RELATED ACTIVITIES 


LIST OF SECTIONS 


Journal A. I E. E. 


Name Chairman Secretary Name Chairman Secretary 
Akron A. L. Richmond W. A. Hillebrand, Ohio Insulator Panama L. W. Parsons M. P. Benninger, Box 174, Balboa 
.. Akron, Ohio Heights, C. Z. 
Atlanta T. H. Landgraf D. H. Woodward, Amer. Tel. & Philadelphia I. M. Stein R. H. Silbert, 2301 Market St., 
Tel. Co. 938 Hurt Bldg., Philadelphia, Pa. _ 
Atlanta, Ga. | Pittsburgh W. C. Goodwin H. E. Dyche, University of Pitts- 
Baltimore W.B.Kouwenhoven R. T. Greer, Madison St. Building, . burgh, Pittsburgh, Pa. , 
. Baltimore, Md. Pittsfield H. O. Stephens . R. Finch, General Electric 
Boston E. W. Davis W. H. Colburn, 39 Boylston St., Co., Pittsfield, Mass. : 
Boston, Mass. : Portland, Ore. J. E. Yates L. M. Moyer, General Electric 
Chicago B. E. Ward L. J. Vanhalanger, Conway Build- Co., Portland, Ore. 
ing; Chicago, Ill. Providence F. N. Tompkins F. W. Smith, Blackstone Valley 
Cincinnati R. C. Fryer Leo Dorfman, Westinghouse Elec. Gas & Electric Co., Pawtucket, 
& Mfg. Co., Cincinnati, Ohio R. I. 
Cleveland A. M. Lloyd E. W. Henderson, 1088 Ivanhoe Rochester R. D. De Wolf C. C. Eckhardt, Igrad Condenser 
: Road, Cleveland, Ohio & Mig. Co.,26 Ave. D, Rochester, 
Columbus F. C. Nesbitt W. E. Metzger, Interurban Termi- N. Y. i 
f nal Bidg., Columbus, Ohio St. Louis L. F. Woolston L. P. Van Houten, 2670 Washing- 
Connecticut A. E. Knowlton R. G. Warner, Yale University, ton Boulevard, St. Louis, Mo. 
New Haven, Conn. San Francisco W. L. Winter A. G. Jones, 807 Rialto Bidg., San 
Denver A. L. Jones R. B. Bonney, Telephone Bldg., Francisco, Calif. 
! . P. O. Box 960, Denver, Colo. Saskatchewan J. D. Peters W. P. Brattle, Dept. of Tele- 
Detroit-Ann Arbor F. H. Riddle Prof. A. H. Lovell, University of phones, Telephone Bldg.. Re- 
; Michigan, Ann Arbor, Mich. gina, Sask., Canada 
Erie L. H. Curtis C. P. Yoder, Erie County Elec. Schenectady T. A Worcester R. F. Franklin, Room 301, Bldg. 
Co., Erie, Pa. No. 41, General Elec. Co., 
Fort Wayne P. O. Noble F. W. Merrill, General Elec. Co., Schenectady, N. Y 
Fort Wayne, Ind. Seattle C. R. Wallis Ray Rader, Puget Sound Pr. & 
Indianapolis-Lafayette C. A. Fay Herbert Kessel, Fairbanks Morse ' Lt. Co., Seattle, Wash. 
& Co., Indianapolis, Ind. Sharon L. H. Hill H. B. West, Westinghouse Elec. 
Ithaca R. F. Chamberlain H. H. Race, Cornell University, & Mfg. Co, Sharon, Pa. , 
Ithaca, N. Y. : Southern Virginia W. S. Rodman J. S. Miller, Box 12, University 
Kansas City S. M. DeCamp B. J. George, Kansas City Pr. & a. i 
Lt. Co., Kansas City, Mo. Spokane L. R. Gamble James B. Fisken, Washington 
Lehigh Valley M. R. Woodward G. W. Brooks, Pennsylvania Pr. : Water Power Co., Lincoln & 
& Lt. Co., 901 Hamilton St., Trent, Spokane, Wash. 
u Allentown, Pa. Springfield, Mass. C. A. M. Weber . V. K. French, American Bosch 
Los Angeles L. C. Williams H. L. Caldwell, Bureau of Light & Magneto Corp., Springfield, 
i Power, Los Angeles, Cal. ass. — 
Louisville D. C. Jackson, Jr. _ N. C. Pearcy, 1631 Deer Lane, Syracuse C. E. Dorr F. E. Verdin, 615 City Bank Bldg., 
Louisville, Ky. Syracuse, N. Y. 
Lynn W. F. Dawson V. R. Holmgren, Gen. Elec. Co., Toledo T. J. Nolan Max Neuber, 1257 Fernwood Ave., 
, Bldg. 64 G, Lynn, Mass. Toledo, Ohio 
Madison J. T. Rood H. J. Hunt, D. W. Mead and Toronto C. E. Sisson F. F. Ambuhl, Toronto Hydro- 
C. V. Seastone, State Journal Elec. System, 226 Yonge St. 
T Bldg., Madison, Wis. Toronto, Ont., Canada 
Mexico B. Nikiforoff - D. Luque, Providencia 520, Urbana J. O. Kraehenbuehl J. K. Tuthill, 106 Transportation 
Colinia Del Valle, Mexico, D. F., Bidg., University of Illinois, 
Milwauk John D. Bali Wao tk dwig, Wi in Tel iios: 
waukee o : m. J. Ladwig, Wisconsin Tel. ; ; : ; p 
Co. 418 Broadway, Milwaukee. Utah Daniel L. Brundige C. ag ero ee Co 
Minnesota J. E. Sumpter Gilbert Cooley, Rice & Atwater, Vancouver A. C. R. Yuill J. Teasdale, British Columbia 
St. Paul. Minn. Elec. Railway Co., Vancouver. 
Nebraska N. W. Kingsley Roy Hagen, General Electric Co., B. C., Canada 
maha, Nebraska Washington, D. C. M. G. Lloyd H. E. Bradley, Potomac Elec. 
New York L. W. W. Morrow J. B. Bassett, General Elec. Co., Pr. Co., 14th & C Sts., N. W., 
120 Broadway, New York, N. Y. Washington, D. C. 
Niagara Frontier L. E. Imlay E. P. Harder, 205 Electric Build- Worcester Guy F. Woodward F. B. Crosby, Morgan Construc- 
ing, Buffalo, N. Y tion Co., 15 Belmont St., Wor- 
Oklahoma Edwin’ Kurts B. A. Fisher, Oklahoma A. & M cester, Mass. 
College, Stillwater, Okla. Total 52 
LIST OF BRANCHES 
. Counselor 
Name and Location Chairman Secretary (Member of Faculty) 
Akron, Municipal University of, Akron, Ohio........ ccc cc ccc cece sec cece sees C. R. Delagrange P.W Bierman . T. Walther 
Alabama Polytechnic Institute, Auburn, Ala......... eese nne C. T. Ingersoll W. P. Smith . W. Hill 
Alabama, University of, University, Ala...... ccc ccc cece cere ec cee nnne Sewell St. John J. M. Cardwell, Jr. 
Arizona, University of, Tucson, Ariz........ ccc cece cece cece enhn Gary Mitchell Audley Sharpe . C. Clark 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 


Railway Electrification.—Bulletin GEA-828, 16 pp. De- 
scribes the electrification of the Butte, Anaconda & Pacific 
Railway. General Electrice Company, Schenectady, N. Y. 

Relays.— Bulletin A E-550. Describes a wide variety of relays 
for numerous applications. Roller-Smith Company, 12 Park 
Place, New York. 

Motors.—Bulletin 1118-E, 16 pp. Describes types AR and 
ARY polyphase induction motors, which are the Allis-Chalmers 
squirrel cage and slip-ring type, general purpose motors. The 
bulletin lists both the slip and roller bearing types and in 
standard horizontal and vertical construction. Allis-Chalmers 
Manufacturing Company, Milwaukee, Wis. 

Motors.— Bulletin 151, 8 pp. Describes a new line of Wagner 
air-jacketed motors for use where dust, fumes and moisture are 

prevalent. The motors are new in external construction only, 
` no changes having been made in the electrical principles of the 
machines. The frame housing, the motor proper and all bearings 
are substantially air-tight. They are equipped with double row 
ball bearings. The Wagner Electric Corporation, 6400 Plymouth 
Avenue, St. Louis, Mo. 

Motors.—Bulletin 200-B, 26 pp. Describes ‘‘Linc-Weld”’ 
induction motors for two- and three-phase alternating current. 
The manufacturer claims the distinction of being the only one to 
produce a steel motor and that the ‘‘Linc-Weld”’ process has 
made possible long sought for improvements in the rotor, the 
oiling system, and the ventilation. The processes of manufac- 
ture are illustrated in the bulletin. The Lincoln Electric Com- 
pany, Cleveland, Ohio. 

Watthour Meters.—Bulletin 67, (supplement), 8 pp. 
Describes the Sangamo type HC meter, fully compensated at all 
temperatures under all conditions of load. According to the 
bulletin, the most remarkable feature of this engineering achieve- 
ment is the fact that such improved performance under all 
conditions of service has been obtained without any fundamental 
change in mechanical or electrical design of the type H, which 
was brought out in 1914. The Sangamo Electric Company, 
Springfield, Ill. 

Cable-Pullindg Compound.—Bulletin 120, 6 pp. Describes 
& new cable-pulling lubricant which, according to the manufac- 
turer, has been thoroughly tested and found to be ideal for this 
purpose. The saving in time and labor on a job, and the saving 
of wear and tear on the cable itself are its chief recommendations. 
The new compound requires far less application in quantity than 
either soapstone or grease, and moreover, adheres to the sheath 
of the eable, insuring lubrieation throughout the entire duet. 
Minerallac Electric Company, 1045 Washington Boulevard, 
Chieago, Ill. 


NOTES OF THE INDUSTRY 


Schweitzer & Conrad, Inc., Chicago, announces the 
appointment of J. Leo Scanlon as the company’s New York City 
correspondent at 50 Church Street. 

The Sterling Varnish Company has removed its general 
office from the Fulton Building, Pittsburgh, to its new office 
building at Haysville, Penn., thus consolidating the sales, 
purchasing and engineering divisions with the plant. 

The Delta-Star Electric Company, Chicago, has opened 
a new Kansas City, Missouri, office in charge of L. C. Hitzeroth, 
who has been transferred from the sales engineering division of 
the Chicago factory. 

The Copperweld Steel Company, Glassport, Penn., 
has appointed Paul Van Wagner as representative for the 
Pittsburgh district, in charge of central station and railroad 
sales, covering the distribution of Copperweld produets in 
western Pennsylvania, western Virginia, western Maryland and 
the state of West Virginia. 


DIGEST OF CURRENT INDUSTRIAL NEWS 


The Cutter Company Changes Its Name.—The Cutter 
Electrical & Manufacturing Company, of Philadelphia, manu- 
facturers of I-T-E circuit breakers and U-Re-Lites for forty 
years, has changed its name to the I-T-E Circuit Breaker Com- 
pany. The policies, personnel and products of the I-T-E Circuit 
Breaker Company remain the same as those of the old company. 

The National Carbon Company, Inc., has moved its 
branch sales office and factory of the Carbon Sales Division from 
357 West 36th Street, New York, to new and much larger 
quarters at the company’s plant at 14th and Henderson Streets, 
Jersey City. The change more than doubles the size of the 
former plant, and considerable additional manufacturing equip- 
ment has been added to meet the increasing demands for the 
company’s brushes and carbon products in the Eastern district 
territory. 

Standard Underground Cable Company, Division of Gen- 
eral Cable Corporation has announced that A. B. Saurman for- 
merly vice-president and general sales manager has been made 
vice-president and consulting general sales Manager and will 
continue his headquarters at the general offices in Pittsburgh, 
upon his return from the South where he has been for some time 
on account of ill-health. Harold P. Childs has been made 
general sales manager. He was previously with the General 
Electric Co., and the Servel Corporation. 

High Voltage Circuit Breakers.—' The General Electric 
Company has just completed the design of a new line of outdoor 
oil circuit breakers. This new line is designated as the F (H) 
K (O)-139 type with interrupting capacities ranging from 350,000 
kv-a. to two and a half million kv-a. These breakers are built 
in voltage sizes from 15,000 to 220,000 volts. 

Commutator Stones.—The Martindale Electric Company, 
1254 West 4th Street, Cleveland, Ohio, announces a new ''Double 
Duty" commutator stone for touching up commutators and slip 
rings. One end is made from a coarse (cutting) grade and the 
other end from a fine (finishing) grade. These stones are fur- 
nished in various sizes for convenience in carrying in the pocket 
or tool kit. 

Microammeter.—The Rawson Electrical Instrument Com- 
pany, Cambridge, Mass., has developed a new portable calibrated 
instrument reading down to excessively small current values. 
This is the type 503, semi-suspended meter, where a full 
seale of sensitivity is obtained with a current of 0.5 microampere 
or .0000005 ampere, the seale being approximately five inches 
long, divided into 100 divisions, each division representing .005 
microampere. 

Vitreosil for Electrical Purposes.— The Thermal Syndicate, 
Ltd., 58 Schenectady Avenue, Brooklyn, announces that 
improved processes lately developed at its English factory have 
resulted in the production of a number of new products in 
vitreosil of especial interest to electrical engineers, samples of 
which will be supplied upon request. These include glazed 
bushings with heavy walls of regular thickness in a variety of 
diameters and lengths; drawn shapes, hollow or solid strips of 
various cross-sections; capillary tubing, single or multiple bore, 
in the clear or opaque grades, to close specifications. The 
company’s bulletin ‘‘About Vitreosil’’ describes some of the 
outstanding characteristics of this material. 

G-E Earnings in 1927.—FEarnings of the General Electric 
Company for 1927 amounted to $48,799,488, equivalent, after 
dividends on the special stock, to $6.41 a share on the 7,211,481 
shares of no par common stock, the annual report of the com- 
pany made publie several days ago by President Gerard Swope, 
diselosed. "This eompares with $6.14 a share in 1926. 

Orders received during the year 1927 were 3$309,784,623, 
compared with $327,400,207 in 1926 a decrease of 5 per cent, and 
unfilled orders at the end of the year were $68,916,000, com- 
pared with $72,297,000 at the close of 1926, also a decrease of 5 
per eent. 
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Future National and Regional 
Institute Meetings 


On account of the constant expansion of Institute 
activities, it has become increasingly evident that all 
National and Regional meetings should be carefully 
coordinated. With this object in view, all applications 
for meetings are now referred to the Committee on 
Coordination of Institute Activities before a schedule 
for a year is adopted. 


The Coordination Committee has had under con- 
sideration for some months the schedule for the calendar 
year 1929 and on April 3 held a meeting and adopted 
the following report embodying recommendations to 
the Board of Directors. 


To the Members of the 
Board of Directors A. I. E. E. 


Gentlemen: 


One of the duties of this Committee is to make recom- 
mendations to the Board of Directors regarding the 
dates and places of future National and Regional 
conventions. It is obvious that these National and 
Regional conventions should be carefully coordinated, 
and hence all applications for such meetings should be 
received far in advance of proposed meeting dates, so 
that a complete schedule for a year may be recom- 
mended at one time, after considering conflicting re- 
quests, financial obligations involved, meetings already 
announced by other societies, the work of the various 
committees concerned: for example, the Meetings and 
Papers, Publications, Finance, Sections, and other 
committees, all with the object of obtaining the best 
distribution of our meetings, both geographically and 
chronologically. 

On March 1, 1928, this Committee communicated 
with the officers of the ten Geographical Districts and 
the fifty-two Sections, explaining in detail the necessity 
for early action and requesting that applications for 
National or Regional meetings to be held during the 
year 1929, be received by the Committee not later 
than April 1. 


In deciding upon the recommendations to be made 
regarding dates and locations of future meetings, this 
Committee has voted to observe as far as practicable 
the following general principles: 

1. A complete schedule of National and Regional 
meetings for an entire calendar year should be decided 
upon at one time, so that the meetings shall be properly 


coordinated and distributed both geographically and 
chronologically. 

2. That the dates of all National and Regional con- 
ventions should be arranged so that there will be an 
interval of at least six weeks between any two of these 
meetings. 

3. That rotation of the Annual Summer Convention 
from one part of the country to another, year by year, 
is desirable. 

4. Experience with Regional meetings indicates 
clearly that they constitute one of the most important 
and valuable activities of the Institute, and they 
should be continued and encouraged. 

5. That not more than one meeting be held in any 
one Geographical District in one calendar year, unless 
there are not enough applications from other Districts 
to make up as complete a schedule for the year as ap- 
pears to be desirable, in which case two meetings 
within one District may be recommended. 

In response to the Committee’s letter of March 1, 
1928, applications for meetings have been received 
from several of the District and Section officers. The 
Committee, after careful consideration of the various 
elements involved, recommends the adoption of the 
following schedule of meetings to be held during 1929, 
which provides for the usual three National Conventions 
and all the Regional meetings for which requests have 
been received: 


Winter Convention, New York, N. Y., Distriet No. 3 during 
week beginning Monday, January 28. 


Regional Meeting, Cincinnati, Ohio, Distriet No. 2, March. 


Regional Meeting, District 7 or 5, South West or Great Lakes 
between May 1 and May 15. 
(place and exact dates to be decided by District officers). 


Summer Convention, Swampscott, Mass., District No. 1, June 
24-28. 


Pacifie Coast Convention, California, Districts 8-9, late Summer. 
(place and exact dates to be decided by the officers of 
Districts 8 and 9) 

Participation in World Engineering Congress, Tokio, Japan, 
October. 


Regional Meeting, District 5 or 7, Great Lakes or South West, 
November. 
(place and exact dates to be decided by District officers). 


As it is important that our meeting dates be given 
wide publicity and that the necessary hotel and other 
facilities be reserved promptly, also that the dates be 
communicated by letter to the secretaries of numerous 
engineering and allied societies, with a view to avoiding 
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conflicts, we unanimously recommend that this schedule 
be definitely adopted at the meeting of the Directors 
on April 6. | 
Very truly yours, l 
COMMITTEE ON COORDINATION OF 
INSTITUTE ACTIVITIES 
C. O. BICKELHAUPT 
(Chairman Law Com.) 
H. P. CHARLESWORTH 
(Chairman Meetings and Papers Com.) 
F. L. HUTCHINSON 
(National Secretary) 
H. A. KIDDER 
(Chairman, Finance Com.) 
W. B. KOUWENHOVEN 
(Chairman, Sections Com.) 
E. B. MEYER 
(Chairman, Publication Com.) 
G. L. KNIGHT, Chairman 
The above report was unanimously approved by the 
Board of Directors, and the list of Institute meetings 
has been communicated to the secretaries of the 
principal engineering and allied societies with a view 
to the elimination of conflicting dates as far as may be 
feasible. 


Some Leaders 
of the A. I. E. E. 


Charles Schenck Bradley, Manager of the Institute 
(1894-7) (1899-1902) and Vice-President (1897-9) was 
born in Victoria, Canada, April 12, 1853. He is, 
however, a descendent of six generations of New Eng- 
land stock and inherits the ingenuity typical of his 
Yankee ancestry. After taking a special course at 
Rochester University, he was impressed by the reading 
of books by Tyndall, the great English physicist with 
the possibility of applying heat and electricity to the 
work of the world, and in 1881 came to New York to 
associate himself with Thomas A. Edison. For several 
years, successively with his own experimental laboratory 
at Yonkers, N. Y., he worked in the field of electrical 
illumination, then in its infancy. Ninety devices for 
the transmission of power over long distances were the 
outgrowth of his invention genious. A method of 
multipolar windings was also originated by him, as 
was a rotary converter to assist in the economical 
distribution of current to street car systems, illuminat- 
ing stations and power plants. Although Mr. Bradley 
has done much as a physicist, his chief work has been 
along chemical lines. He was one of these to assist 
in the process of changing aluminum from a semi- 
precious to a basie metal, reducing the price over 10 
per cent. His company affiliations from time to time 
were with the Fort Wayne Co., (1882-92); Thomson- 
Houston Co. (1892-96); the Ampere Electro-Chemical 
Co. (1896-1904); General Electric Company (1904-06); 
Bradley Copper Process Company (1906-13); Chemical 
Research, N. Y. (1913-14) and the U. S. Reduction Co. 
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(1916-1925). His invention for the fixation of nitrogen 
was at the time, an epochmaking achievement. His 
maxim was that the only way to achieve was to “go 
ahead and do things" and to this slogan he clung in all 
undertakings. Fifty patents were granted him for var- 
ious processes for the economical extraction of copper 
by electrolytic means, and to him is attributed the de- 
sign of a rotary furnace for the production of carbide 
of calcium. In his ambition to accomplish, Mr. Bradley 
lamented the fact that most of the information he 
was able to obtain from consulting experts was given 
in negative form, instructing how not to do things 
rather than just what to do. Conservation of both 
time and power was to him ultra important. His con- 
tention was that extravagance was far more often re- 
sponsible for failure than actual inability to achieve. 
A full realization and application of resources, he 
believes, cannot fail to produce gratifying success. 
Mr. Bradley is a member of the Genessee Valley Club 
and the Chemists’ Club of New York. 


Notice of Annual 
Meeting of Institute 


The Annual Meeting of the American Institute of 
Electrical Engineers will be held in Denver, Colorado, 
on Tuesday morning, June 26, 1928. This will con- 
stitute one session of the Annual Summer Convention 
which is to be held in Denver, June 25-29. 

At this meeting the annual report of the Board 
of Directors, also the reports of the Committee of 
Tellers on the ballots cast for the election of officers, 
and upon the proposed Constitutional Amendments, 
will be presented. 

Such other business, if any, as may properly come 
before an annual business meeting will be considered. 

This Annual Meeting is to be held for the first time 
during the Summer Convention in accordance with a 
vote of the membership at a Special Meeting held in 
Chicago last year. 

F. L. HUTCHINSON, 
National Secretary. 


Waldemar Kaempffert, science and engineering 
editor of the New York Times, has been appointed 
director of the Chicago Industrial Museum. He will 
pass several months studying similar museums in Paris, 
London, Vienna and Munich before taking up his new 
work. TheChicago Industrial Museum, which will have 
400,000 sq. ft. of floor area has been made possible by 
a gift of $3,000,000 from Julius Rosenwald in addition 
to $5,000,000 appropriated by the South Park Com- 
missioners to reconstruct for this use the fine arts 
building of the World’s Fair of 1893. Mr. Kaempffert 
emphasizes the intention to make the museum more 
than a heterogeneous collection of machines. It Is to 
be an educational institution for the presentation ef 
scientific and engineering principles. 
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Abridgment of 


Tuned Radio-Frequency Amplifiers 


BY R. S. GLASGOW! 


Associate, A. I. E. E. 


Synopsis.—A simplified method of calculating the performance of 
a tuned amplifier circuit is given and the effect of the various circuit 
constants on the characteristics is shown. The predicted results are 
found to check experimental observation quite closely. Curves 


N Fig. 1 is shown a transformer having an impedance 
Z, in series with the primary, and an impedance Z: 
connected across the secondary. "These impedances 

may be resistance, inductance, capacity, or any combi- 
nation thereof. The impedance of the primary winding 
with the secondary on open circuit is Z,, and that of the 
secondary with the primary open is Z,. The mutual 


impedance between primary and secondary is Z,,, the 

vector expression for which is 7 w M in the case of an 

air-core transformer, where M is the mutual inductance 

and w is 2 7 times the frequency of the applied voltage. 
Applying Kirchoff laws we have: 


E, = lZic-hZ,-tlsiZ, 
O =I:Z, + I:-Z: +I Zm 
Combining (1) and (2), we obtain, 
P Ei (Z: + Z.) 
i (Zi + Zp) (Z: + Z.) Ec Zn 


(1) 
(2) 


I, (3) 
—E,Z,, 


ang I i (Zi + Zp) (Za + Z.) a Zn? 


(4) 
which give us the vector expressions for the respective 
primary and secondary currents in any type of trans- 
former in terms of the impedance in the circuit. 

In Fig. 2a is shown a single stage of the ordinary 
type of tuned amplifier and in Fig. 2b, the electrical 
equivalent of the circuit. 

The current in the secondary from equation (4) is 


pE;.3-o9M 
(r,--Ri-j w Li) (Ri o Lj —_)+ a? M? 
w C; 
(5) 


If a small number of turns are used on the primary, its 
impedance R, + 7 w L, can ordinarily be neglected in 


l = 


1. Associate Professor of Electrical Engineering, Washington 
University, St. Louis, Mo. 

Presented at the A. I. E. E. Regional Meeting, St. Louis, Mo., 
March 7-9, 1928. Complete copies upon request. 


showing the performance obtained with various types of tubes are 
also given. The factors affecting the stability are pointed out and 
typical methods for suppressing undesired oscillations are given, 
together with the principles involved. 


comparison with r, which is of the order of 10,000 to 
20,000 ohms, depending on the type of tube used. 


1 
—— and the impedance of the 
Q) Cs 
entire secondary circuit is merely R, so that the 
maximum magnitude of the secondary current to a 
sufficiently close degree of approximation becomes 


At resonance o L, = 


uE, wM 
b- OR + o M (6) 
The voltage across the secondary is 
uE, wM 
E =l wl:= R, cw M oo? e ® Le (7) 


Defining the voltage amplification per stage K as the 
ratio of the output voltage to the input voltage applied 
to grid, we have 


E u wM 

E, r,R + œ M? 
If the mutual inductance in equation (8) is con- 
sidered to be the variable, the voltage amplification can 
be shown to be maximum when w? M? = 7, R: (9) 


Substituting this value of optimum mutual inductance 
in equation (8), we obtain 
1 M U) L, 
2 V Tp VR 2 
Equation (10) gives an expression for the maximum 
possible amplification that can be obtained with a 


K = Q) L: (8) 


Kmaz = (10) 


Fic. 2 


given tube and a fixed value of secondary inductance. 
It is interesting to note that when optimum coupling 
is employed, the amplification is directly proportional to 
the ratio of the reactance of the coil to the square root 
of its resistance. Also, from the viewpoint of voltage 
amplification alone, the best type of tube to use is one 
which has the largest ratio of u to vrp. If the coupling 
used is less than the optimum value as given by equation 
(9), the effect of tube and coil resistance becomes greater, 
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lying somewhere between the square root and the first 
power of the resistance. It is interesting to note that 
the turns ratio between primary and secondary does not 
enter into the expression for the amplification, the 
the mutual inductance between them being the cri- 
terion. Thus a primary coil of a few turns, closely 
coupled to the secondary, will produce the same result 
as a coil of a greater number of turns more loosely 
coupled. 

The data in Fig. 3 were obtained for a coil of 205 


Fra. 3—REstisTANCE oF 205 wh. Cort 


microhenrys, composed of 54 turns of No. 22 d. c. c. 
wire wound on a 3-in. tube. The values include the 
resistance of the tuning condenser. In Fig. 4 is shown 
the calculated variation in amplification with mutual 


40 60 
MUTUAL INDUCTANCE IN MICROHENRYS 


Frag. 4—VARIATION OF AMPLIFICATION 
INDUCTANCE 


WITH MUTUAL 


inductance for four different wavelengths, using the 
values of resistance from Fig. 3. The constants used 
were of a U X 201 A tube which had an amplification 
constant of 8.7 and a plate resistance of 8800 ohms 
with 90 volts impressed on the plate and zero grid 
bias. As will be seen, the amplification curves have 
rather dull maxima. This shows that little gain in 
amplification would be obtained by varying the coup- 
ling between primary and secondary with the tuning, if 
sufficient coupling is initially employed. 

The effect of mutual inductance on selectivity is 
shown in Fig. 5. In order to make a better comparison, 
in Fig. 6, the relative amplification K’/K is plotted 
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against frequency, where K is the amplification at 
the resonant frequency and K’ is the value at the 
frequency in question. As will be observed, the sharp- 
ness of resonance increases as the coupling is reduced, 
approaching the resonance curve of the secondary 
circuit as a limit as the coupling approaches zero. 
Satisfactory transmission of music requires a band of 
frequencies from approximately 50 to 5000 cycles. 
The process of modulation at the broadcasting station 
converts this band into a frequency spectrum of about 
10 kilocycles in width, with the carrier frequency located 
in the center. Consequently, if faithful reproduction 
is to be secured, the amplitude relations existing between 
the various frequencies should be unchanged by the 
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amplifier. In Fig. 6 it will be observed that in the 
lowest curve, which corresponds to coupling of 25 
microhenrys, the amplification 5 kilocycles from the 
carrier wave is reduced to 54 per cent. If four such 
stages were used in cascade and all carefully tuned to 
the carrier frequency, the amplification 5 kilocycles 
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from resonance would have fallen to 8.5 per cent of the 
resonant value. 


This attenuation of the side-bands materially im- 
pairs the quality of reception; consequently, in multi- 
stage amplifiers, a broader resonance curve per stage 
should be employed than would be used in an amplifier 
of fewer stages. The relative amplification character- 
istics of a multi-stage amplifier may be readily obtained 
from the curves of Fig. 6, since this factor for n stages 
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K n 
K ) As the maximum value of the 


becomes ( 


ordinate is unity, the selectivity greatly increases with 
the number of stages and with a resultant increase of 
side-band attenuation. This might lead to the con- 
clusion that the fewer the number of stages employed 
the better would be the quality. That this is not the 
case is shown in Fig. 7. Curve A shows the relative 


“EERE er 

e AN ES 

za 1 1L A- hour daea M> Wah. _ 

: EENEEN/MR [NC so ae il 

tT. 7 TIT ATTN E E 
E 33-15: Df e 

sesta. p ESOS pp. 
HERO NE 
CoA 
lo EEELLCECL 7 
Po FREQUENCY IN KILOCYCLES i = us 


Fic. 7— EFFECT OF THE NUMBER OF STAGES ON SELECTIVITY 
AND FIDELITY 


amplification that would be obtained using four stages 
with M = 70 (the top curve of Fig. 6); while curve B 
is for a single-stage with M = 25 (bottom curve of 
Fig. 6). It will be noted that the side-band attenua- 
tion is less in the case of the four-stage amplifier than 
for the single-stage throughout the entire 10-kilocycle 
band, and the selectivity has been materially improved. 

The ideal characteristic would be one which is flat- 
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Various VALUES OF COUPLING 


topped for an interval of about 10 kilocycles and then 
falls off very rapidly on either side of this interval. 
The fidelity would then be constant, irrespective of the 
number of stages employed. 

Fig. 7 shows the relative amplification for a single- 
tuned stage at frequencies of 1500, 850 and 550 kilo- 
cycles, using the same coil and tube as in the preceding 
curves and a fixed value of mutual inductance of 25 
microhenrys. As will be observed, this value of 
coupling is producing serious side-band attenuation at 
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the lowest frequency, whereas at the high-frequency, or 
short-wave end of the broadcasting band, the response 
curve is too broad to give good selectivity. Broad- 
ening the individual response curve and increasing the 
number of stages will alter the shape of the over-all 
characteristic as in Fig. 7, but with a fixed value of 
coupling, good fidelity at the longer wavelengths can 
be obtained only at the expense of selectivity at theshort 
wavelengths. Experimental receiving sets were con- 
structed, incorporating this feature, with a view to 
determining approximately how much side-band at- 
tenuation could be tolerated before appreciable dis- 
tortion or loss of natural quality was observed. It was 
found to be extremely difficult to obtain any quantita- 
tive data by means of audition tests as the opinions of 
the various observers differed quite widely. The only 
conclusion that could be drawn was that the amount 
of side-band attenuation that could be tolerated was 
surprisingly high. Some compensation can be obtained 
by designing the audio-frequency amplifier to have a 
rising characteristic so as to give greater amplification 


M adjusted to optimum value at 350 
meters | for eac each tube 2064 h. coil 
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VARIOUS TUBES 


at the higher frequencies. Exact compensation by this 
latter method is not possible, as the amount of side-band 
attenuation is much greater for the long wavelengths 
than for the short. 


The variation of the amplification with wavelength 
for several values of mutual inductance is given in 
Fig. 9, together with the values obtained by actual test 
using a vacuum-tube voltmeter. Very close agree- 
ment is obtained except at the higher frequencies. 
The discrepancy in this region is due to the effect of 
capacity coupling between primary and secondary, 
which is not taken into account in the calculated values. 

Fig. 10 shows the observed variation in amplification 
with wavelength for several types of tubes, the mutual 
inductance being adjusted to the optimum value at 
350 m. in each case. This affords an interesting com- 
parison of tubes designed for dry cell operation with 
the storage battery type. In Fig. 11 is shown the 
effect of various values of plate voltage upon the 
amplification. The variation in K is due only to 
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variation in the constants u and r, of the tube with 
plate voltage. 

When several stages of amplification are used in 
cascade, difficulties are encountered due to the tendency 
of the individual stages to break into oscillation, 
especially if the amplification per stage is much above 
unity. This is due to the fact that the vacuum tube is 
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not a perfect unilateral device and that energy from the 
output circuit can be fed back into the input circuit 
through the capacity between the grid and plate 
electrodes. 

A rather involved treatment of the problem of 
regenerative amplification due to the inter-electrode 
capacity of the tube is to determine the impedance of 
the tube Z, measured between its input terminals. 
The value of Z, has been shown to? be | 


Z- 1 
A J w Cop 
, T, Z 
1 +j oly» 7 
‘ Z C T3 Lb 
] + us HERR. + ae (1}+ —5-) 
f Tp + o Cor ! T» + Ze 
| (11) 


where the various quantities are indicated in Fig. 12. 


Fic. 12 


In comparison with r, the capacity between plate 
and filament C,, has been neglected, which ean be done 
without very great error provided the frequency is not 
too high. If the output circuit Z, contains sufficient 


2. H. W. Nichols, Phys. Rev., Vol. 13, p. 405, 1919: J. M. 
Miller, Bureau of Standards, Bulletin No. 351. 
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inductance, the impedance looking into the input 
terminals of the tube is of the form 


Z=- + (12) 


j wC, 
If Z, is a pure resistance or contains capacity reactance, 
the sign of r, is positive. 

Therefore, if the impedance in the plate circuit 
contains sufficient inductance reactance, the negative 
resistance of the tube reduces the positive resistance of 
the tuned circuit connected across the input and may 
even reduce it to zero, in which case a continuous 
oscillation will take place. The positive value of r, 
that exists for non-inductive or condensive values of 
Z, increases the value of R,. All three conditions of Z, 
can exist in the case of the tuned amplifier, as shown in 
Fig. 18. 

It is much more desirable to secure inherent stability, 
and a number of methods have been evolved to ac- 
complish this. Increasing the resistance of the input 
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circuit, so as to offset the negative value of r, and keep 
the total resistance positive at all times, is a convenient 
but inefficient method. These methods merely at- 
tempt to reduce the effects of regeneration rather 
than to strike at the cause. Furthermore, the magni- 
tude of the negative resistance introduced by the tube 
varies considerably with the frequency so that if suffi- 
cient positive resistance is added to take care of the 
worst condition, too much will be present for the 
remainder of the time with the attendant loss of ampli- 
fication and selectivity. 

These objections have lead to the development of a 
number of bridge types of circuits, so called because of 
their similarity to the a-c. wheatstone bridge. The 
first of these, due to C. W. Rice,’ is shown in Fig. 14,— 
A being the actual circuit and B the electrical equiva- 
lent omitting the tube electrodes. An inspection of the 
latter figure indicates that no voltage can exist across 
the input terminals g n, due to a voltage between f p 


3. . U. S. Patent No. 1334118. 
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if the arms are balanced. Hence, the energy which is 

fed back through C,, is opposed in phase by that which 

flows through C,. These conditions for a balance are: 
La C, 


Ln 7 Can 


This balance is not entirely independent of frequency, as 


(13) 


Fic. 14 


equation (13) would indicate, unless the coupling be- 
tween L, and L,is substantially unity. "This is because 
L, is shunted by the input capacity of the tube, C, in 
equation (12), or more strictly speaking, by Z,. To 
compensate for this, it is sometimes necessary to shunt 
L, with a small condenser or a suitable network to 


simulate C,, if stability is to be maintained over a wide 
frequency range or if the mutual inductance between 
L, and L,is small. Fortunately, exact balance is not 
required, but merely enough to insure stability through- 
out the range of frequencies to be covered. As a 


matter of fact, some regeneration can be employed to 
advantage at the higher frequencies and thus increase 
the selectivity in this region. 


A similar type of circuit, due to Hazeltine‘ is shown in 
Fig. 15. 


4. U.S. Patent, Nos. 1489228, 1533858; Proceedings I. R. E. 
Vol. 14, 1926, p. 217. 
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The conditions for a balance are: 
La 14 
L 7 6. (14) 


A somewhat different type of circuit is given in Fig. 
16. The input circuit L, C, is connected across the 
grid-filament terminals through the condenser C,. 
The capacity C, is utilized as well as C,,, the two form- 
ing a pair of ratio arms in a bridge composed entirely 
of condensers. A small variable capacity C, is used to 
balance the circuit, the conditions for which are: 


C . Os » 
C 776 (15) 


In practise, a resistance of about 250,000 ohms is 
shunted around C, in order to prevent the accumulation 
of a negative charge on the grid, with the possibility 
of blocking the tube. 

A circuit involving the principle of a mutual induc- 
tance bridge is shown in Fig. 17. In order that the 


Fic. 18 


output voltage E; shall not affect the input circuit, the 
conditions for a balance are: 


M C 


L, H Cs + C, (19) 
Another circuit involving the same principles, except 
that the coil L, is coupled to the input circuit instead of 
the output, is shown in Fig. 18. The conditions for 


bal E T E ee 7 
alancearesimilar; namely, tha Lo C, +C, (17) 
The author wishes to express his appreciation to 

Mr. C. E. Fay, formerly of the Graduate School, for his 

assistance in obtaining some of the data. 


PHONOGRAPHS TO BE OPERATED 
BY FILMS 

Dr. W. R. Whitney, Director of Research of the 
General Electric Laboratories at Schenectady, N. Y., 
has announced that work is being conducted there, on 
a long-running phonograph, operating with films re- 
cording sound by light and shadow instead of operating 
with wax records in which the sound waves are 
registered by minute indentations in the wax. Dr. 
Whitney said that the long-running film could be used 
for the reproduction of entire operas or symphonies or 
for recording entire books orally, and that it might be 
possible to produce a film to sell for $6 which would 
read aloud for two hours.—Tel. and Tel. Age. 


Abridgment of 


Protection of Supervisory Control Lines 


Against Over- Voltage 
BY EDWARD F. W. BECK: 


Synopsis.—Supervisory control lines used in the remote or 
automatic control of electric plants are subject to overvoltages 
dangerous to insulation and to operators. These overvoliages may 
be caused by lightning, crosses with the power lines, or induction 
from them. Open wire control lines are influenced by all of these, 
cables with grounded sheaths are immune to disturbances caused by 
lightning or other electrostatic induction, and are more or less safe 
from crosses. However, the ordinary cable is still subject to high 
voltages by electromagnetic induction when a fault occurs on the 
power line. 

These voltages may be dangerous not only to apparatus, but also to 
the cable insulation. Protection by means of lightning arresters is 


| HE supervisory control line is usually of the same 
nature as a telephone lead, consisting of the 
necessary number of pairs of wires either strung 
in open wire lines or in cable. 

An open wire line is exposed to more severe distur- 
bances than is a cable. Overvoltages in such a line may 
occur from the following causes: 

1. Atmospheric electricity and lightning discharges. 

2. Direct crosses with high-voltage lines. 

3. Potentials above ground caused by electrostatic 
or electromagnetic induction from neighboring power 
lines. 

In the following, certain calculations have been 
made to illustrate the order of the voltages which may 
be caused by induction. In these calculations, approxi- 
mations have in general been used. These introduce a 
certain degree of error particularly at close spacings. 
However, in this discussion it is not justified to resort 
to exact methods; because first, the spacings éncoun- 
tered are usually large so that the discrepancy between 
the exact and approximate methods are not very great; 


LG 


Fic. 1—Di1acram SuHowiua How VOLTAGE 18 INDUCED 
ELEcTROSTATICALLY ON SUPERVISORY LINE 


second, we are interested in whether the order of the 
potentials to ground are hazardous or not—that is, of 
the order of hundreds of volts or only a few volts; 


1. Electrical Engr. Supply Div., Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 
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therefore necessary. Calculations show that even if the apparatus 
locations are protected, high voltages may occur along the line if 
the transmission line fault is between stations. This may cause a 
cable failure. It may, therefore, be advisable to protect the cable at 
certain intervals. 

Supervisory control protectors may be called upon to discharge 
heavy currents of appreciable duration. This requires extremely 
sturdy arresters. The requirements are met by a spark-gap of special 
design in argon al a reduced pressure. 

Specially made cables will shield the line against extraneous 
disturbances. In large installations, the use of such cables may be 
worthy of consideration. 


and third, there are so many variables involved in prac- 
tise that even exact calculations do not always lead 
to accurate results. It is not necessary to be as metic- 
ulous as would be the case were communication circuits 
concerned, in which case very small disturbing voltages 
between wires might cause interference with the service. 

If the line is open wire, disturbances may be caused 
either electrostatically or electromagnetically. Electro- 


Fic. 2—ScuEMATIC D1aGRAM OF CONDITIONS IN Fic. 1 


static induction will occur in the following way: 

In Fig. 1, A is a conductor charged to a certain volt- 
age E,, and B is a nearby conductor, such as a super- 
visory line entirely insulated from ground. Between 
A and earth, G, there will be an electrostatrc field due 
to the potential E,. Some of the electrostatic lines 
between A and G will terminate on B, imparting to it 
a certain charge and therefore a potential above ground. 

For an approximate solution, with the total number 
of lines of force between A and G known, a parallel 
plate condenser may be substituted for line and ground 
having the same number lines of force between its 
plates as pass from A to G, when the plates are at a 
difference of potential E,. Inthe same manner, con- 
densers may be inserted between A and B, and B and G. 
The capacities of such hypothetical condensers are 
known as the capacity of A to ground, A to B, etc. 
Thus, Fig. 1 may be replaced by Fig. 2. This facili- 
tates the derivation of the induced potentials. Calcu- 
lating the impedances of the circuit involved, the 
charging currents and the potentials may be found. 

On a three-phase power system, the conditions are 
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similar provided the phase voltages are unbalanced. 
Ordinarily, the configuration of the wires of the 
transmission line and the location of the super- 
visory line will be such that the electrostatic field 
resultant of the three phases, when the voltage is 
balanced, is small. | 

If a fault occurs on the transmission line so that 
the voltages are no longer balanced, there will be a 
pronounced electrostatic field causing an induced 
voltage to appear on the control line. If the substitu- 
tion of condensers is made as outlined in Fig. 2, the 


me “Vy *-§ E, 
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distribution of charging currents and the induced volt- 
ages set up in the control line may be derived. The 
maximum induction takes place when a ground fault 
occurs on one phase of the transmission line. 


The presence of grounded conductors near the control 
line will materially reduce the induction due to the 
increase in the capacity to ground of the control line, 
Cgc, in Fig. 2. By far the most effective manner 
of shielding the control line against electrostatic 
induction due either to the transmission line or 
lightning is the running of the line in metallic 
sheathed cable with the sheath grounded. The line 
is then immune to such influences. 


The lead sheath of a cable, unfortunately, does not 
provide a perfect shield against electromagnetic induc- 
tion, although it may reduce its effect appreciably. 


Consider a single-phase transmission line with ground 
return and a neighboring control line consisting of a 
single isolated wire paralleling the transmission line. 
When the current enters the earth from one elec- 
trode, most of the current flows at a great depth. 
In order to make the calculations practical, it is 
necessary to assume a current path confined to a 
horizontal plane somewhere in the earth, the distance 
between it and the line being such that the flux included 
in the theoretical area so formed is of the same value as 
that actually generated by the transmission line current. 
This theoretical current-carrying plane is called the 
equivalent ground plane. 

Having established what the circuit shall be, it is 
possible to proceed to the methods of calculating the 
electromagnetic induction. Under the above assump- 
tions it can be shown that the e. m. f. induced in a 
unit length of control line is expressed by this formula: 


e — 0.00466 x f x log (C) 
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e is the induced voltage per mile of exposure per 
ampere of current in the disturbing transmission line. 

f isthe disturbing frequency. 

 histheheight of the disturbing line above the equiva- 
lent ground plane. 

d is the spacing between lines expressed in the same 
units as h. 

Experience shows that in most cases, the maximum 
depth that may be expected is approximately 500 
ft., so that calculations made with this value for h 
give in nearly every case values of induced voltage 
which are amply high. | 

Hence, the equation for induced voltage may be 
written: 


1000 
e — 0.00466 f (log ^) volts per ampere mile, 


where d is in feet. | 

After establishing what the induced e.m.f. is, 
the control line may be considered as a circuit 
containing reactance and resistance depending upon 
the constants of the line, and a source of potential 
whose e. m. f. is theinduced voltage. 

In order to determine the potential to ground due to 
electromagnetic induction, consider the disturbed line 
by itself, with a source of e. m. f., Es induced in it. 
If the control line is totally isolated from ground, the 
current which flows is chiefly a charging current. 

The voltage between line and ground at any point is 
dependent upon the capacity between line and ground. 
If this capacity is evenly distributed, it is apparent 
that the potential to ground, V will be distributed as 
in Fig. 3. 

The voltage to ground at the middle of the exposure 
is zero at each end of the line it is 4 E». 

If the control line is grounded at one end but open at 


Fig. 4— DISTRIBUTION OF POTENTIAL ON LINE GROUNDED AT 
ONE END 


the other, the Vg of the grounded end is zero and the 
total voltage is thrown on the open end. (Fig. 4). 

If the line is grounded at both ends, a short circuit 
is thrown on the induced e. m. f., Es. A current will 
flow determined by the impedance of the circuit. 
Assuming zero ground resistance, the current is 


Es 

Z^ 

In this case the voltage to ground of the line is zero, 
and therefore grounding the line at both ends of the 
exposure is the best safeguard against overvoltage. 
This cannot actually, be done but can be accomplished 
in effect by connecting protectors between line and 


334 


ground at or near the ends of the line. If the induced 
voltage is high enough to discharge the protectors— 
about 350-500 volts—the line is effectively grounded 
for the duration of the fault on the transmission line. 
If the induction is not sufficient to break down the 
protectors, the potential on the line will distribute 
itself as in Fig. 3, but no damage will result. 


The current which the protectors may be called upon 
to pass under fault conditions in the transmission line 
may reach high values for an appreciable duration of 
time, which requires extremely sturdy arresters. 


In the foregoing, it is assumed that the fault in the 
transmission line is at one end of the exposure, so that 
the direction of the induced voltage is everywhere the 
same. Should the accidental ground on the power 
line occur anywhere between the ends, (for instance 
near the middle of the parallel), current will feed into the 
fault from both sides, These currents will be in oppo- 
site directions; hence the e.m.fs. induced in the 
sections of the control line on either side of the fault 
will be in opposition. The current which then flows in 
the control line ground loop when the protectors at 
the ends discharge will be a function of the resultant 
e.m.f. in the line. If the fault should occur midway 
between power sources of equal capacity, the resultant 


Location of fault. 
E, d & | 
WX, 
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e. m. f. is zero and no current flows. This does not 
mean that no voltage to ground appears on the control 
line. The two induced e. m. fs. oppose each other and 
the line has distributed capacity to ground. Therefore 
a voltage will pile up on the control line at a point 
opposite to the fault on the transmission line. This 
voltage may reach a considerable value, and if such is 
the case, a protector at or near that point is desirable. 
If a fault occurs somewhere within the parallel, the 
situation is as pictured in Fig. 5. 

Z, and Z. are the impedances in the lines J, and Is, 
the currents, and C, and C. represent the distributed 
capacities. The voltage to ground, Vs at the fault 
location will be yV = E, = li Zi = E; + I. Z», 1. €., less 
than the greater of the induced e. m. fs. but more than 
the smaller. 

The voltage distribution will be as in Fig. 6. 


a = is the point opposite the fault in transmission 
line. 

a b = E.. 

be = E;. 


ac=a' c| = E, — E, = I Z in the line. 
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When the protectors discharge, there can be no poten- 
tial to ground at a’, so the ground potential will take the 
position oc’. The voltage to ground at a will then be 
V = bd. The ordinates between o b and oc’ represent 
the distribution of the voltage to ground along one 
section; those between b c' and o c' that along the other. 


The above discussion has dealt with a single-phase 
ground return power line, such as a railway trolley. On 
a three-phase system where the voltages are balanced, 
there will not be any magnetic field to speak of, and no 


b 
i : 
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induction is to be expected on the control line. If the 
voltages are unbalanced, unbalanced earth currents 
wil flow and an e. m. f. will be electromagnetically 
induced on the control line. 


Electromagnetic induction from ungrounded systems 
is usually not severe. If an accidental ground occurs on 
one phase, the line currents will be unbalanced, a high 
voltage will appear between the ungrounded phases 
and ground, and a certain ground current will flow. 
This current is generally small. The induction is 
heavy only for high line voltages and long exposures or 
in such extreme cases as a double fault on two phases. 
Ordinarily, therefore, the induction on supervisory 
cables used in conjunction with ungrounded systems 
will not be hazardous when the fault occurs on one phase 
only. 

However, on systems with a grounded neutral, high 
voltages may be induced, as heavy fault currents will 
flow in the case of an accidental ground. Since it is 
difficult to lay down a general solution for the pro- 
tective problem, each installation consisting of power 
and control line presenting an individual question, it 
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Fic. 7—EXAMPLE OF SYSTEM WITH SUPERVISORY CONTROL 


may be well to work through a hypothetical case in 
order to clarify the matter. The calculations made 
will serve as an Indication of what may be expected and 
as a guide to the methods to be applied in the investi- 
gation of actual installations. 
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With this in view, consider a system as depicted in 
Fig. 7. In Fig. 7, B and C are two hydroelectric 
stations operated by supervisory control from a third 
station, A. These stations feed power into a system 
at 60 cycles through a 33,000-volt line, with the neutral 
grounded at each station. The generators and trans- 
formers at A, B, C have reactances of 20 per cent and 
10 per cent, respectively. The capacities of A, B, and 
C are 15,000-, 5000-, and 6000-kv-a. The transmission 
line is No. 00 B&S. gage copper with a triangular 
spacing of 36in. Bis4mi. from A, and C is 5 mi. from 
B. The supervisory line is a cable spaced 15 ft. from 
the transmission line. It consists of 10 pairs of No. 19 
B&S. wires running between A and B and 10 pairs 
from A toC. Thecable between A and B thus contains 


€ ebsis30v 
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20 pairs of wires. At each end of each line, each con- 
ductor is connected to earth and cable sheath through a 
protector. 


Then e = 0.51 volts per ampere-mile and the problem 
resolves itself into a calculation of the ground current. 

Let us first assume the fault,—a ground on one phase,— 
to be at B. The calculations are easily made by the 
phase sequence method, following the procedure 
described by R. D. Evans (see bibliography). 

Suppose the protectors have broken down so that 
A — B is grounded at A and B and the line from A to C 
atA and C. "Then the currents induced will be: 


, 1530 
Tas’ = 4x47 8.7 amperes. 


490 


Tac’ = 9x44 ^ 1.2 amperes. 


Because of the fact that the e.m.fs. induced in 
A — B and B — C are in opposition, a voltage to ground 
will exist on the line A — C, with a maximum at B. 
This voltage is indicated by Fig. 8. 

The voltage at B ise f = 1310 volts. 


Because the line A — B has protection at B, its 
voltage to ground at B is zero and, therefore, there may 
be a potential of 1310 volts between the conductors of 
the line A B and those of the line A — C. This isa 
hazard. Consequently, in this case, protectors should 
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be installed on the line A — C at or near B. The 
voltage EF will then collapse. The protectors on 
A — C at B will be called upon to discharge a current 
of 


1530 
4 X 44 


1040 


m + ox 4d 


= 13.5 amperes. 


While the above described example may serve to 
indicate the nature of the induced voltages, much 
higher ones may exist, particularly where large con- 
nected systems can feed into the ground fault, thus 
causing the flow of very heavy ground currents. On 
the other hand, there are fortunately certain conditions 
which act to reduce the electromagnetically induced 
voltage so that the results obtained for the particular 
case calculated are possibly pessimistic. The proxim- 
ity of grounded conductors exerts a shielding effect. 
The use of an overhead ground wire, or a neutral wire 
on the transmission line, may reduce the induction 
considerably, since an appreciable part of the fault 
current will flow through this wire instead of through 
the earth, whereby the area of the disturbing loop, 
and therefore the inducing flux, are considerably 
decreased. The cable sheath itself, if well grounded, 
may be a potent reducer of induced e. m. f. The cable 
sheath acts as a short-circuited damping turn. The 
degree of damping which it exerts depends upon the 


Fic. 9—SuPERvisonvy-CoNTROL Protector Unit 


phase angle of the sheath. For effective shielding, it is 
important that the reactance of the sheath ground loop 
be as high as possible in comparison to its resistance. 
Where the sheath resistance is appreciable, the shield- 
ing effect will be small. In the case of the 20-pair cable 
between A and B, in Fig. 7, the sheath resistance is 
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4.2 ohms per mile, while the 60-cycle reactance is 1.2 
ohms per mile. Hence, the phase angle and the shield- 
ing effects are quite small. For larger cables, where the 
sheath resistance is lower, the shielding effect is much 
greater. To obtain the best shielding effect, telephone 
cables have been constructed in which a shell consisting 
of a number of copper wires is located next to the lead 
sheath, these wires being solidly grounded at each end 
of the cable; also, with iron hoops around the sheath 
to increase the reactance. If shielding of this kind is 
resorted to, it is theoretically possible to forego entirely 
the use of protectors. 

A special protector has been developed for use on 
supervisory control circuits to relieve lightning voltages 
and with sufficient capacity to discharge the heavy 
currents of comparatively long duration which may be 
caused by induction. The essential element of this 
device is a spark-gap of particular design, enclosed in an 
atmosphere of inert gas at a reduced pressure, to give 
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a low breakdown voltage. The gas used permits of 
large energy discharges without undue injury to the 
electrodes which are of arc-resisting material. The 
breakdown voltage of the gap is of the order of 350 to 
500 volts. The protector has four electrodes equally 
spaced from each other, so that several lines may be 
protected simultaneously. l 

The complete protector consists of the bulb herein 
described, mounted in a steel box with a pair of low- 
voltage, low-capacity fuses, and a terminal block. 
This device is shown by Fig. 9. 

The protector bulb is capable of discharging light- 
ning voltages of any order except direct strokes nearby, 
and will handle many times discharges of 50 amperes of 
two seconds’ duration. It will take care of heavier 
discharges, but at a sacrifice of length of life. It will 
discharge several hundred amperes, thereby keeping the 
voltage on the line below hazardous values even if it is 
destroyed by so doing. 


Abridgment of 


Vector Calculating Devices 
BY M. ?. WEINBACH: 


Associate, A. I. E. E. 


Synopsis.—1n the analysis or solution of a-c. problems, it is 
frequently necessary to convert vector quantities from the exponential 
or polar form into complex numbers, or vice versa. This paper 
describes: 

a. A device by means of which such conversions may be per- 
ormed mechanically. 

b. A device by means of which vector quantities expressed 


HE object of this paper is to describe some mechani- 
cal devices which may be used to simplify vector 
calculations and thus save time and economize in 

mental labor. 

It is well known that harmonically varying voltages 
and currents may generally be expressed in three 
mathematical forms. Each of the three expressions 
leads to a distinct physical interpretation and is con- 
veniently adapted to particular processes of analysis or 
calculations. Thus, the expression V sin o t, fora 
harmonically varying voltage, and J sin (wt + 0) 
for a similarly varying current, visualize the sinusoidal 
variations of the respective quantities. They are 
clearly well adapted to the analysis of problems 
in which instantaneous values are of particular sig- 
nificance. 

1. Professor, Elec. Engg., University of Missouri, Columbia, 
Mo. 


Presented at the Regional Meeting of the A. I. E. E., St. Louis, 
Mo., March 7-9, 1928. Complete copies upon request. 
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exponentially may be added or subtracted without prior conversion 
into the complex numbers. 

c. A slide rule with trigonometric and hyperbolic scales so 
disposed that conversions of vector quantities from one mathematical 
form into another, or the evaluation of trigonometric or hyperbolic 
functions of complex variables may be obtained with ordinary slide 
rule ease and rapidity. 


The exponential forms V e’” and I e“ *? visualize 
harmonically varying voltages and currents, respec- 
tively, as vectors of definite lengths, either maxima or 
more generally effective values, rotating in a plane at 
uniform angular velocities w radians per second. The 
angular positions of the respective vectors at any 
instant with reference to the particular instant when 
( — Ofully define the magnitude of their instantaneous 
values. These exponential expressions for harmonically 
varying quantities are adapted to the mathematical 
processes of differentiation and integration. 

If instead of instantaneous, the maxima or effective 
values are the significant quantities in the solution of a 
particular problem subject to analysis, the concept of 
vector rotation may be completely ignored, instan- 
taneous time positions of the vectors discarded, and the 
vectors merely referred to one or the other in time 
phase. Under such conditions, voltage and current 
vectors may be expressed by V e/" and Ie”, respec- 
tively, when the current is referred to the voltage in 
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phase. These exponential or polar expressions visual- 
ize the vector quantities as vectors in fixed positions in a 
plane. Thus, a translation from time to space vectors 
has been effected, but the angle @ must be thought 
of as actually a time-phase angle. These expressions 
for harmonically varying voltages and currents give 
actual numerical values of the vectors and their time- 
phase relationship with regard to a particular one, 
conveniently chosen as a reference. They lend them- 
selves with great facility to the mathematical pro- 
cesses of multiplication, division, powers, roots, and 
logarithms. 

The translation of time vectors to space vectors, as 
indicated above, led to the well-known graphical method 
of solution of a-c. circuit problems. The graphical 
method, however, becomes more or less complicated 
when applied to the solution of complex circuits. Its 
degree of accuracy depends upon the exact laying off of 
vectors with regard to magnitude and angular phase 
with respect to one another. The introduction of the 
algebraic method, involving the complex number of the 
form a + j b, expressing a vector quantity in terms of 
its components along the axes of the Cartesian system 
of coordinates, eliminates the inaccuracies inherent in 
the graphical method, but frequently at the expense of 
more time in arriving at the solution of the problem. 

The complex number is the most generally used 
mathematical expression for vector quantities. Itis the 
only vector expression that lends itself to the processes 
of addition and subtraction, subject to the algebraic 
laws governing complex numbers. Its universal appli- 
cation to the operations just mentioned has led to the 
stating of currents, for instance, not in terms of actual 
values and phase angles, but in terms of their com- 
ponents in phase with or in quadrature to the voltage 
producing them. It has led to the stating of im- 
pedances and of admittances not in terms of their 
actual values and phase producing angles, but in terms 
of their respective components. All this in spite of the 
fact that in direct tests, actual vector values are usually 
measured and not their components. 

While for purposes of algebraic additions it is nec- 
essary to use the complex number, a vector quantity 
should always be stated in terms of polar or exponential 
expressions, since these give actual values as to quantity 
and phase relation. It follows, therefore, that con- 
versions from one form to the other are essential and 
must frequently be made. 

The addition of two vectors expressed as exponentials, 
and the reconversion of their sum into the exponential 
form, demands the looking up of five trigonometric 
functions, four multiplications, three additions, two 
squares, one square root, and one division, a total of 
sixteen operations. Obviously, in complex problems, 
the solution of which demands other mathematical 
operations than a single addition, the calculations 
become tedious and quite time consuming. 

Fig. 1 shows a device for the rapid conversion of 
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vector quantities from the exponential form to their 
equivalent complex numbers and vice versa. 

The principle of the instrument is simply a mechanical 
generalization of the graphical solution of a right 
triangle. 

Fig. 3 shows a device'by means of which vectors 
expressed exponentially may be added or subtracted 
mechanically without resorting to conversion into 
complex numbers. Like the device shown in Fig. 1, 


Fig 1—DeEvice ror CONVERSION OF (a+j6) INTO 
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Fic. 3—DeEvice ror MECHANICALLY PERFORMING THE 


OPERATION M <a tN <B 


this one is a mechanical generalization of the graphical 
solution of any triangle. 

There is no particular novelty in the principles 
involved in these two calculating devices, possibly some 
in the structure and.manipulation. Both have been . 
used by the author and his students and have been 
effective economizers of time in the solution of a-c. 
circuit problems. . 

The Vector Slide Rule. Regarding accuracy, ease of 
manipulation, and convenient portability, neither of the 
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devices described above compares advantageously with 
the calculating device commonly known as the slide 
rule. The fundamental principles embodied in the 
ordinary Mannheim slide rule may be directly and 
effectively applied to plane vector operations, provided 
that suitable scales are chosen. 

Fig. 7 shows such a slide rule. Like the ordinary 
slide rule, it consists of a body, a sliding member, and a 
running hairline indicator. On the upper part of the 
body there are three scales. Two of these scales are 
marked S. The first of these scales in conjunction with 
the regular scale D on the lower part of the slide rule 
gives the sines of angles from 5.7 deg. to 90 deg. The 
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from the complex form into equivalent exponentials. 

6. Fortherapid conversion of vector quantities from 
the exponential form into equivalent complex numbers. 

Thus to convert, for instance, 8.5 e/^*? deg. into its 
equivalent complex number, since the real component 
is 8.5 cos 24.3 deg., set the hair line on scale S at 90 
deg. — 24.3 deg. = 65.7 deg. This gives on scale D 
cos 24.8 deg. Set index of scale C under the hairline 
and move indicator hairline to 8.5 on scale C. "The 
product 8.5 cos 24.3 deg. = 7.74 is read under hairline 
on scale D. The operation is identical for the deter- 
mination of the imaginary component 8.5 sin 24.3 deg. 
= 3.5. 
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second, gives in conjunction with scale D the sines of 
angles from 0.7 deg. to 5.7 deg. The third scale 
marked T gives in conjunction with scale D the tan- 
gents of angles from 5.7 deg. to 45 deg., and cotangents 
of angles larger than 45 deg. Beneath scale D there is 
an inverse scale marked C I on which may be read, in 
conjunction with scale T, the tangents of angles larger 
than 45 deg. and the cotangents of angles smaller than 
45 deg. Since tangent values of angles less than 5.7 
deg. are sensibly equal to the sines, the scale marked S 
for these angles may also be used as a tangent scale 
without serious error. 

On the sliding member of the rule, there are four 
scales; the upper one, marked T h, gives in conjunction 
with the regular scale C on this member, the hyperbolic 
tangents (tanh w) for hyperbolic angles of value 
u = 0.1 tou = 3.0 hyperbolic radians. The next two 
scales marked Sh give in conjunction with scale C, 
the hyperbolic sines (sinh u) for hyperbolic angles 
u=0.1 to u = 3.0 hyperbolic radians. Since the 
hyperbolic tangent is sensibly equal to the hyperbolie 
sine, and both sensibly equal to the hyperbolic angle 
itself for angles less in value than u = 0.1 hyperbolic 
radians, scale C gives directly the hyperbolic angle, and 
also the hyperbolic sines and tangents for values of u 
less than 0.1 hyperbolic radians. 

This slide rule, with the scales as indicated, may be 
used for the following operations: 

1. Usual slide rule multiplications and divisions. 

2. In lieu of trigonometric tables. 

3. In lieu of hyperbolic tables for values of hyper- 
bolic angles to 3.0 hyperbolic radians. 

4. To evaluate exponential functions e 
values of u = 3.0. 

5. For the rapid conversion of vector quantities 


~* and e“ to 


7—VECTOR SLIDE RULE 


To convert a complex number of the form a + 7 b, 


b 
note that a F tan 0 
b 
and A= sin 0 


where A is the numerical value of the vector and 6 is 
its angular phase position with reference to the positive 
horizontal. Therefore, two simple divisions may re- 
place the six operations involved in the determination 
of the vector value by the usual method 

A e? = Jat bv gi tanm! b/a 

To convert, for instance, the complex number 
4.55 + 73.72 by the use of the slide rule into its 
exponential equivalent, set hair line on 3.72 scale D. 
Move the sliding member to bring 4.55 on scale C 
under the hair line, then the tangent of the phase angle 
is given on scale D, and the angle 0 = 39.2 deg. is read 
on scale T opposite the index of scale C. 

To get the vector value A, set hair line over 39.2 deg., 
scale S, bring 3.72 on scale C under the hair line, and 
read the value of A = 5.88 on scale C, opposite index 
of scale D. 

7. This slide rule may be used most effectively to 
evaluate hyperbolic or trigonometric functions of com- 
plex variables into equivalent plane vectors, either 
expressed exponentially or in terms of complex num- 
bers. Such functions are frequently met in physical 
problems in which quantities involved are subject 
simultaneously to trigonometric and hyperbolic laws of 
variation; 2. e., they are growing or attenuating hyper- 
bolically and simultaneously alternating harmonically. 
The mathematical expressions for such quantities in- 
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volve hyperbolic functions of the forms sinh (u + j 0), 
cosh (u +30) and tanh (u +7 0), or trigonometric 
functions of the forms sinh (0 + j u), cos (0 + j u) and 
tan (0 + j u), in which 6 is a circular angle, generally 
stated in circular radians, and v is a hyperbolic angle 
stated in hyperbolic radians. 

The “Kennelly Tables”? give the vector values and 
the equivalent complex numbers of the above mentioned 
functions for values of u in steps of 0.05 and values of 6 
in steps of 4.5 deg. Double interpolations are neces- 
sary, however, if the values of u and 6 differ from those 
given in the tables. 

For example, the numerical evaluation of the sine of 
such complex functions may be accomplished by either 
one of the following calculations: 
sinh (u + j 0) 


= y (sinh u cos 0)? + (cosh u sin 0)? e amt Can 8/tanh w) 


nol (tan 0/tanh u) 


= 4/ cosh? u — cos? 0 e/'^ 
zt V sinh? u + sin? 0 e tan-) (tan 0/tanh u) 

The first of the above expressions involves the looking 
up of three hyperbolic functions, and four trigonometric 
functions, two multiplications, one division, two 
squares, one addition, and one square root, a total of 
fourteen operations. By the last two, the numerical 
evaluation of the function is reduced to ten operations. 

The reason for avoiding such functions which are met 
in the solution of electrical transmission problems, and 
the preference generally given to approximate methods, 
is very evident. It takes quite an appreciable time and 
mental labor to evaluate even a single function. 


The slide rule described above affords rapid calcu- 
lation of any such functions for any value of u between 
the limits of 0 and 3.0 and for any value of 6. The 
circular member j 0 may be neglected when the hyper- 
bolic angle is larger than 3.0 hyperbolic radians, be- 
cause sin? @ is insignificant in comparison with sinh? u. 

The application of the slide rule for calculating the 
hyperbolic sine or the trigonometric sine of complex 
functions is fundamentally based upon the fact that the 


numerical value of the function is v’ sinh? u + sin? 0. 

This may obviously be thought of as the hypotenuse 
of a right triangle whose other two sides are sin 0 and 
sinh u, as shown in Fig. 8. Referring to this figure, we 


note that DEB. ta 
Sms sinhu — n4 

x: sinh u - 
sing ^ 4h 8 


Hence the hypotenuse of the triangle is 


inh'u sm = 22" 
sinn^ u sin = = 
X sin @ 


sinh u 
sin 8 
Similarly, the numerical value of the function 


2. “Tables of Complex Hyperbolic and Circular Functions,” 
A. E. Kennelly, Harvard Univ. Press, 1914. 
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cosh (u + j 0) is v sinh? u + cos? 6. It may also be 
thought of as the hypotenuse of a right triangle, whose 
two other sides are sinh u and cos 6, as shown in Fig. 9. 
Referring to this figure it will be seen that 


cos 0 


"nhe = tnd 
sinh u ge 
d cos@ ny 


whence the numerical value of the function is 
cos 0 
sing | 


sinh u 
sin y 


sinh? u + cos? 0 = 


It is easily seen from the above that theminimum of 
six operations necessary to obtain the numerical values 
of either the sine or the cosine functions are reduced to 
only two simple slide rule divisions. "The four opera- 
tions necessary to determine the angles associated with 
the numerical values of either function are similarly 
reduced to only a single slide rule division 


tan 0 


tanhu — tan 6 


the angle ó being read directly on scale T. 
To illustrate the above, consider the function 
sinh (1.25 + 71.1) = sinh (1.25 + 7 63 deg.) 


sin 63 deg. 
sinh 1.25 ' 


set hair line on 63 deg. scale S. Bring 1.25 of scale S h 
under the hair line; tan o is then read on scale D, and 
the angle a = 29.1 deg. is read on scale T' at the index 
of scale C. 


Since tana = 


sin 63 deg. 
sin 29.1 deg.’ 


set hair line on 63 deg., scale S; bring value of sin 29.1 
deg. on scale C under hair line, and read the numerical 
value 1.833 of the function on seale D at index of 
scale C. 

To obtain the angle associated with the vector value 
of the function, since | 


Since v sinh? 1.25 + sin? 68 deg. = 


tan 63 deg. 


tanó = -anh 1.25 


1 
~ tan 27 deg. X tanh 1.25 


the value of the angle may be obtained directly by slide 
rule operations dictated by either of the above equa- 
tions. Thus using the second equation, set index of 
scale C at 27 deg. scale T; move hair line to 1.25 scale 
T h, then (tan 27 deg. X tanh 1.25) is given on scale D, 
its reciprocal on the inverse scale C J, and the corre- 
sponding angle 66.6 deg. on scale T. The vector value 
of the function is therefore 


sinh (1.25 + 71.1) = 1.833 e/**5 deg. 
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The function cosh (1.25 + J 1.1) is evaluated in the 
same manner. Thus, referring to Fig. 9, since 


_ COS 63 deg. 2 sin 27 deg. 
~ sinh1.25  sinh1.25 


set hair line on 27 deg. scale S. Bring 1.25 of scale S k 
under hair line, and read angle @ = 15.8 deg. on scale 


tan ó 


e $02 


Fic. 8 Fic. 9 


Fias. 8-9—PRINCIPLE OF SLIDE RULE FOR EVALUATING 
Sing (u + j e) AND Cosu (u + j o) 


T at index of scale C. Then since the numerical value 
of the function is 


cos 63 deg. sin 27 deg. 


v sinh? 1.25 + cos? 63 deg. = sin 15.8 deg. ~ ginl5.8 deg.’ 
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set hair line on 27 deg. scale S. Bring value of sin 
15.8 deg. on scale C under hair line and read value 1.663 
of the function on scale D at index of scale C. "The 
angle associated with the vector value of the function 
may be calculated either by slide rule multiplication 
represented by the equation 
tan p = tan 63 dez. X tanh 1.25 

or by the slide rule division 


tanh 1.25 
tan 27 deg.’ 


the value of p = 59 deg., being read directly on scale T. 
The vector value of the function is, therefore 


cosh (1.25 + j 1.1) = 1.663 e™ deg. 


The hyperbolic tangent of the function may now be 
obtained by direct slide rule division as indicated by 
the following operation 


tan p — 


1.833 e/*** deg. 
1.663 e/*? deg. 


1.11 e? * deg. 


tanh (1.25 + J 1.1) = 


Abridgment of 
Magnetic Leakage and Fringing Flux 
Calculations 


BY WALTER L. UPSON: 


Member, A. I. E. E. 


Synopsis.—The object of this paper is the development of an 
empirical method of determining leakage and fringing fluxes 
in an electromagnetic system. Certain assumptions are made; 
namely, (a) the reluctance of the iron parts of the magnetic circuit 
are negligible as compared with that of the air-gaps: (b) the leakage 


and fringing components of the flux follow paths of convenient 


geometric shape. 


Formulas are derived for leakage and fringing fluxes as per- 


centage of the main flux which crosses the gap from the pole face, 
for two cases, (1) a pole core of circular section and (2) one of 
rectangular section. Calculations of these fluxes, in percentage 
of the main fluz, are given over a convenient range of gap lengths, 


HIS paper outlines a practical method of calcu- 
lating fluxes produced by a solenoidal winding on 
an iron core. It is assumed that there is a definite 

air-gap in the magnetic circuit and that the reluctance 
of the iron portions of the path is negligible in compari- 
son with the reluctance of the air-gap. This assump- 
tion of negligible iron reluctance is admissable where 
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and 


coil lengths and distance of coil from pole face. It is seen that 
both leakage and fringing depend to a considerable extent on all 
these factors. Calculations are made to determine the flux density 
at various points along the core length and these show a wide varia- 
tion in density in accordance with the dimensions of the magnetic 
circuit. AR experimental check was made of certain of the calcu- 
lated results, and the agreement obtained was as close as could 
be expected, the derivation being within the limits of error of 
observation. 

The paper is not a complete discussion of the subject but il is 
hoped to develop it still further in a subsequent paper. 

* * * * 


low or medium magnetic densities are involved, but 
the method may also be utilized with advantage when 
densities are high. 


The general plan is illustrated in Fig. 1, in which one 
sees a core surrounded by an exciting coil. There are 
two equal air-gaps, one at each end of the core, and the 
main flux passes across the gaps into large iron plate 
armatures. 'These armatures are assumed to be at 
the same magnetic potential as they would be if the 
magnetic circuit were completed through a path of 
zero reluctance. 


The entire drop of magnetic potential is then taken 
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as occurring across the two gaps. If the coil is con- 
sidered as composed of two half-coils, each half-coil 
may be assumed to provide the magnetomotive force 
required to send the flux across one gap; and the amount 
of flux which crosses the gap is 


pole-face area 
gap length 
where M is the magnetomotive force of the half-coil. 
The half-coil is assumed also to set up leakage flux 


which passes from the core sides to the midplane as 
shown on the right-hand side of the figure, the lines 
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continuing on into the core sides under the influence of 
the other half-coil. In addition to leakage, the half- 
coil sets up the so called fringing flux which passes out 
from the coil-side into the armature as shown on the 
left-hand side of the figure. While the magnetic lines 
of force do not follow accurately the paths as shown, 
they do behave in some such manner, and the calcu- 
lation based upon such a conveniently. chosen set of 
eurves yields results which are substantially correct. 

We may then confine the calculation to a single 
air-gap and a half-coil as shown in Fig. 2. Let the 
pole core be circular in section of radius 1, in any 
desired units, such as inches or centimeters. 


Let h = height of the half-coil, 
n = distance from the pole-face to the coil, 
g = gap length, 


t coil thickness. 
The problem is to calculate (1) the leakage flux, $;, and 
(2) the fringing flux, r, both in percentage of the 
main flux, $,, which goes directly across the gap. 
Each of these fluxes may be divided into two parts; 
one, that which passes through the coil, and the other, 


that which leaves the core side beyond the coil. Then 
pi = gr’ + Ox” 
or = dr’ + or’ 


Calculation of L’, the leakage flux which passes 
through the coil (Fig. 2): This flux is assumed to follow 
the path, li’, straight across the coil of thickness, f, 
then along a circular arc of radius, x. The length of 


, this pathis l’ =t + -y t 
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The area of the elementary cross-section of width, dz, is 
day tee do 2E ) a 


which is an approximate average area over the entire 
length ly’. 
t 22 
2a(1+-—— + — ) dz 
Then dd,’ = s M X e(10 5 0T) 
T 
t+ 9 X 


is that portion of the magnetomotive 


orce which acts to send flux along the path, x. The 
flux $,', expressed as a percentage of the main flux, 


$,, is 


where 3 M 


% $i = = ~~ Ere ^ 
.  sinced, = Mn 
g 
= x pea = 


If t is negligible in comparison with h, (1) reduces a 


aat) 


% Pu’ = (2) 


Similar developments give the following equations 
for the fluxes $;", dr’ and dr”. 


wont = $5 y jer 


= -IE 2 n + log(1 + 7,- 


)] 


% pr = 2nT— T? +4B) 
: B n B 
+(7 -2nT h 
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+258 zg)] (6 
‘where B= 5 n " g 
% pr" 
[ER (G- 5)] 
LEAKAGE AND FRINGING FLUXES FROM RECTANGULAR 
CORES 


Formulas for these important cases are derived in a 
manner exactly analogous to those for the round cores. 
1. Percentage leakage flux through the coil is, 


8t 


MPH + 2h ) 


At (2d+4 +rt--S* )log (1+ 57 Th ] 
If the core section is square, this becomes 


i mu + 2h ) 


2i (8+7 rt- Š} )iog(1 + T ] 


If t is negligible in respect to h, these two equations 
become, respectively, 


9,9 = (2d +4 42h) 


and % 6 = 5 (8 + 2h) 
2. Percentage leakage flux beyond the coil end is: 
Oo Ow = 29 [22 a 2e(14 —;- )] 


If the core section is square, this becomes 


% or" = L [25 c 4tog (1. -5-) ] 
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9. Percentage fringing flux I the coil is: 
, 29 
70 or - 28 [(e-8+58 a )+ (8-5 


+ 245 | oA ) los (1+ 24 24 )] 


where A-gt-5-n 
and B=2n+d+rT +2. 


If the core section is square, this becomes 


zor- [Qo S4) e (B-44 


TABLE I 


PERCENTAGE LEAKAGE AND FRINGING FLUXES FOR 
ROUND-CORE MAGNETS 


h=1 
g 0.01 0.03 
n 0.1 0.5 1 0.1 0.5 1 
% OL 0.012 0.019 0.027 0.035 0.057 0.08 
6o QF 0.06 0.07 0.077 0.14 0.167 0.19 
g 0.06 0.1 
% OL 0.071 0.114 0.16 0.116 0.118 0.265 
% OF 0.228 0.282 0.326 0.321 0.404 0.861 
h =3 
g 0.01 0.03 
% OL 0.022 0.027 0.033 0.007 0.081 0.098 
c; ép | 0.088 | 0.081 | 0.091 | 0.223 | 0.214 | 0.231 
g 0.06 0.1 
oo OL 0.134 0.103 0.197 0.263 0.284 0.342 
oo OF 0.402 0.375 0.408 0.62 0.558 0.612 
h =5 
0.01 0.03 
% OL 0.031 0.035 0.04 0.093 0.107 0.122 
7c PF 0.11 0.107 0.112 0.291 0.279 0.294 
g 0.06 0.1 
C5 OL 0.188 0.214 0.245 0.336 0.378 0.43 
Co OF 0.535 0.504 0.532 0.84 0.761 0. 822 
2AB 
+ = — ) lo (1+ 54 +) 
wh T? A 8 
T 
where A=gt 3 n 
and B — T -- 2n 4 4. 
4. Percentage fringing flux beyond the coil end is: 
j 9 [9 4g TN 
F = —> n+(B-—* )io (+5 
7$ md [ E 2g 


where B «2d - 27 +4. 
If the core section is square, this reduces to 


zu <1) tog (1+ 27 ) ] 


Tables I and II give calculated results for round- 


% Or’ = pio [2^9 (5-5 
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and square-cored magnets, respectively. Calculations 
are made covering a wide range of values as follows: 


Gap length, g = 0.01, 0.03, 0.06, 0.1 

Coil length, k = 1, 3,5, s 

Height of coil above pole face, n = 0.1, 0.5, 1. 
Thickness of coil, ¢ = 1. 


TABLE II 
PERCENTAGE LEAKAGE AND FRINGING FLUXES FOR 
SQUARE-CORE MAGNETS 


h-1 
g 0.01 0.03 
at st ne es 
n 0.1 0.5 1 0.1 0.5 1 
oL | 0.011 0.017 0.024 0.031 0.051 0.071 
c; oF | 0.104 0.119 0.128 0.236 0.281 0.315 
g 0.06 0.1 
% éL | 0.063 | 0.012 | 0.143 0.105 0.17 0.238 
c óp | 0.348 0.374 0.439 0.534 0.671 0.78 
h =3 
g 0.01 0.03 
oL | 0.019 | 0.023 | 0.028 0.058 0.07 | 0.085 
c ép | 0.106 0.117 0.124 0.244 0.276 0.302 
g 0.06 0.1 
zL | 0.115 0.14 | 0.17 0.192 0.233 0.282 
c ép | 0.36 0.383 0.414 0.551 0.651 0.738 
kas 
g 0.03 0.03 
: óL | 0.025 | 0.029 | 0.033 0.075 | 0.086 | 0.099 
op | 0.144 0.154 0.158 0.493 0.385 0.404 
g 0.06 0.1 
Eaa A a : = 
% éL | 0.151 0.172 | 0.197 0.251 0.286 | 0.329 
« ép | 0.602 0.601 0.617 0.946 1.011 1.073 
TABLE III 
g 0.01 0.03 
Point a b c a b c 
h n 
1 0.1 1.072 | 1.064 | 1.038 | 1.175 | 1.151 | 1.077 
1 0.5 1.089 | 1.081 | 1.067 | 1.224 | 1.202 | 1.159 
1 1 1.104 | 1.097 | 1.085 | 1.269 | 1.248 | 1.214 
3 0.1 1.11 1.087 | 1.037 | 1.289 | 1.222 | 1.074 
3 0.5 1.118 | 1.10 1.064 | 1.295 | 1.254 | 1.149 
3 1. 1.124 | 1.111 | 1.080 | 1.329 | 1.289 | 1.198 


indic d aO DD | ae 


A—  — s — a — € —[| —— ÍÁá€————  — —— | —— ——— D | ———— — ———M | —————— 


$ 0.1 1.723 1.489 1.106 2.175 1.762 1.132 
5 0.5 1.718 1.549 1.244 2.139 1.847 1.345 
5 1 1.777 1.610 1.337 2.252 1.949 1.497 
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DETERMINATION OF FLUX AND FLUX DENSITY ALONG 
THE CORE 


In the calculation of the magnetic circuit of a 
dynamo it is customary to make use of a leakage 
coefficient, such as 1.15, by which the flux entering the 
armature is multipled in order to account for the leak- 
age flux which must also be provided by the field 
ampere-turns. This factor has lent itself admirably to 
the exigencies of dynamo design, but its use has, per- 
haps, more practical than theoretical justification. 
To apply such a factor to the design of a lifting magnet 
would give results that are far from correct. The fluxin 
the core varies in amount throughout its length, with the 
result that saturation is reached at the point of maxi- 
mum density at much lower excitation than would be 
the case if the entire core carried flux represented by the 
leakage factor. 

The flux density in any section of the core may be 


obtained in the manner described: For example, let it 
be required to find the density at the point, b, in Fig. 8, 
the core section being round. By inspection it is seen 
that the core must, at this point, carry the fluxes ¢,, 
oy", dr” and those portions of L’ and r’ which leave 
the core below the plane of the point b. 


We have equations for the first three fluxes. To 
obtain equations for the two remaining ones, it is neces- 
sary to develop equations (1) and (6), using appropriate 
integration limits for the point in question. For equa- 
tion (1) these limits are h/2 and h, and for equation (6) 
they are 0 and h/2. Add together the fluxes mentioned 
in (2) as percentages of $,. 

This process has been followed for points a, b, c, d, 
(Fig. 8) for round cores, and the results are given in 
Table III. The value for point, d, is always 1, as this 


$, 
Po 


Both flux and density values may be obtained from 
Table III by multiplying any chosen value of gap flux 
or gap density by the factorsin the table. For example, 
let the gap density chosen be 40,000 lines per sq. in. 
Then for a magnet having gap length, g = 0.01, coil 


is the flux ¢, in per cent of itself, that is 
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length, h = 1, distance from pole face to coil, n = 0.1, 
the factors for the points, a, b, c, are 1.072, 1.064 and 
1.088 respectively; and the densities at these points 
are 1.072 x 40,000 = 42,880, for point, a, and 42,560 
and 41,520 for b and c, respectively. 

For these dimensions of the magnet it is seen that 
flux and density variation is slight; in fact, they are 
the dimensions which show least variation of all those 
given. When the gap is longer and the coil also longer, 
the variation is much more pronounced, and becomes 
increasingly important. 

A similar set of values is given in Table IV for a 


TABLE IV 
g 0.01 0.03 
Point a b c a b c 
h n 
1 0.1 1.059 1.045 1.031 1.143 1.109 1.064 
1 0.5 1.07 1.063 1.054 1.178 1.158 1.130 
1, 1 1.081 1.077 1.069 1.210 1.199 1.175 
3 0.1 1 076 1.056 1.030 1.197 1.137 1.062 
3 0.5 1.082 1.070 1.051 1.215 1.179 1.121 
3 1 1.089 1.082 1.064 37 1.212 1.16 
5 0.1 1.095 1.064 1.030 1.252 1.162 1.061 
5 0.5 1.10 1.078 1.050 1.266 1.201 1.119 
5 1 1.106 1.088 1.063 1.284 1.232 1.156 
g 0.06 0.1 
1 0.1 1.247 1.181 1.367 1.274 1.126 
1 0.5 1.324 1.277 223 1.477 1.415 1.323 
1 1. 1.382 1 1.587 1.551 1.470 
3 0.1 1.352 1.238 1.092 1.535 1.355 1.118 
3 0.5 1.390 1.320 1.204 1.60 1.484 1.202 
3 1 1.434 1.386 1.28 1.673 1.594 1.419 
5 0.1 1.462 1.288 1.091 1.713 1.439 1.116 
5 0.5 1.492 1.364 1.199 1.768 1.557 1.284 
5 1 1.527 1.424 1.272 1.828 1.658 1.405 
TABLE V 
Percentage 
Point Coil excitation Flux density density 
a 1.75 13,590 1.772 
b 1.75 13,120 1.712 
c 1.75 10,480 1.367 
d 1.75 7,669 1.000 
a 1.50 12,280 1.793 
b 1.50 11,650 1.701 
c 1.50 9,360 1.367 
d 1.50 6.850 1.000 
a 1.00 8,450 1.77 
b 1.00 8.140 1.704 
c 1 6.560 1.370 
d 1.00 4.780 1.000 
a 0.50 4.270 1.718 
b 0.50 4.155 1.670 
c 0.70 43.350 1.357 
d 0.50 2,400 1.000 


core of square section acting upon an armature of 
similar section, and of the form shown in Fig. 7. "These 
values may be satisfactorily checked by experiment. 
In order to make this check, a core was built up of 
silicon steel laminations. The dimensions of this 
magnet, on the percentage basis, were as follows: 
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Gap length, g = 0.1 

Coil length, k = 5.0 

Distance from pole face to coil, n = 1.0 
Thickness of coil, t = 1.0. 


Table V gives the test values for four degrees of 
excitation of the core, the maximum density obtained 
being 13,590 gausses. Densities were obtained by the 
usual ballistic galvanometer method. It will be seen 
that over the range of densities employed there is no 
marked effect of density upon the percentage flux varia- 
tion, which is evidence in support of the validity of the 
assumption, made at the outset, that the flux varia- 
tions could be obtained in percentage of main flux in 
the gap, independent of density. 

For comparison of test and calculated values we have 
the following results taken from Table IV and averaged 
from Table V. 


Point Observed (av.) Calculated Per cent variation 
a 1.763 1.828 4- 0.035 
b 1.697 1.658 — 0.023 
c 1.365 1.495 + 0.030 
CONCLUSIONS 


The present paper is intended to cover only a portion 
of the work on magnetic-circuit calculations on which 
the authors are engaged. Magnetic-flux calculations 
are almost of necessity empirical, and the method here 
given is decidedly so. 

No attempt is made to apply it to the complicated 
shapes that are usual in electrical machinery, that work 
being reserved for later consideration. Only such 
practical tests have been made as were deemed neces- 
sary to demonstrate that the calculated results were 
substantially correct. 

The method here presented is of interest, therefore, 
largely as exhibiting flux variation and density varia- 
tion in cores, as affected by air-gap length, position and 
shape of the exciting coil. By dealing with the subject 
on a percentage basis, we have the great advantage of 
being free from the actual dimensions of the magnetic 
circuit. 


ELECTRICITY OUTPUT INCREASES 


The Geological Survey of the Department of the 
Interior announces in its monthly statistical table on 
power production in the United States, that the average 
daily production of electricity in February of this year 
was 236,500,000 kw-hr., or one per cent more than the 
output for January. 

The total power production for February is estimated 
at 6,858,423,000 kw-hr., as compared with 7,261,497,000 
kw-hr. for January. Although the total output for 
February was nearly six per cent less than January, 
the statement showed that the average daily output 
for February was one per cent more than for January. 
“These are illustrations of misleading statistical data 
which would be obviated by the adoption of the pro- 
posed 13-month calendar" said the statement. 
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The Reactances of Synchronous Machines 


BY R. H. PARK? 


Associate, A. I. E. E. 


Synopsis.—Until somewhat recently, synchronous machine 
theory has been satisfied with a relatively few characteristic constants, 
or reactances, in terms of which the behavior of machines has been 
calculated. Present theory, however, requires many more co- 
eficients. There are now generally recognized two values each of 
leakage, synchronous, and transient reactance, which correspond 
to the two symmetrical axes of magnetization of the armature current 
and which refer to balanced operation. Negative and zero phase- 
sequence reactances are also umployed to determine operation under 
unbalanced conditions, and it is possible and desirable to distinguish 
other reactances. In view of the increasing complexity of the subject 
itis felt that a critical survey of it is in order and the object of the 
paper has been to provide that survey. 

The paper has been divided into two parts. Part I describes and 
treats of the subject with regard to those factors which are important 
to application or operating engineers, and to designers. In partic- 
ular, the major types of reactances which include the synchronous, 
transient, and phase-sequence reactances, are discussed. These 
quantities are defined and their methods of test outlined. It appears 
necessary to consider a second type of transient reactance; namely 
sub-transient reactance. Both reactances may be determined from 
short-circuit oscillograms as illustrated in the paper. A table is 
included which gives the numerical range of reactances for the 
various types of synchronous machines. 

Part II discusses the theoretical considerations, with a view to 
broadening and classifying existing conceptions of reactance. It 
includes the effect of external reactance on negative phase-sequence 


N the analysis of system. stability, and in the calcu- 
lation of the effect of short-circuits, the factors of 
interest to operating engineers are those which relate 

to the behavior of the machine as viewed from the 
armature terminals. The most significant of these 
factors are the armature reactances of machines to 
normal frequency current having any distribution 
between phases, any power factor, and whether trans- 
ient or sustained; also, in connection with transient 
components of current, their rates of decay, or 
decrements. 


Types of Reactances. The major types of armature 
reactances, then, are to be distinguished according to: 

A. Distribution; that is, the relative distribution of 
current between phases. 

Any distribution of armature current may be 
expressed as the superposed sum of three symmetrical 
components:? 

a. Balanced three-phase currents of normal phase 
rotation, or positive phase-sequence. 

b. Balanced three-phase currents of reverse phase 
rotation, or negative phase-sequence, and 


l. Both of the Genl. 
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reactance and the variation in this latter quantity, depending upon 
whether current or voltage is impressed on the machine. An im- 
portant aspect of the division of synchronous reactance into armature 
reaction and leakage reactance is discussed. Transient reactance is 
shown to be the difference between synchronous reactance and the 
ratio of the mutual reactance between armature and field and the total 
field reactance. Calculations are included to show that the short- 
circuit and open-circuil time constants are related lo each other in a 
simple manner. 

The appendizes cover the following subjects: 

a. Application of the Principle of Superposition to Synchronous 
Machine Analysis. | 

b. Replacing the Effect of Induced Field Currents by Employing 
Transient Instead of Synchronous Reactances. 

c. Significant Rotor Circuits in Addition to the Main Field 
Winding (which effect transient reactances). 

d. The Negative Phase-Sequence Reactance of a Synchronous 
Machine with Negative Phase-Sequence Voltage Impressed. 

e. Construction of Equivalent Circuits: Concept of Field Leakage 
Reactance. 

f. Calculation of Total Field Racan 

g. Relation of the Mutual Reactance Between Armature and 
Field to the No-Load Excitation Current. 

h. Relation Between Three-Phase and Single-Phase Reactances. 

i. Discussion of the System of Notation Used in the Paper. 


j. Per-Unit Representation of Quantities. 
* k k X * 


c. Balanced three-phase currents of equal time 
phase, or zero phase-sequence. 


B. Method of application in time of positive 
phase-sequence currents. 


Here it is desirable to distinguish between: 


a. Steadily applied or sustained currents 
b. Suddenly applied or transient currents 


In the case of armature reactances, these differences 
are due to the transient currents induced in the rotor 
circuits when armature current is suddenly applied. 
If, as is generally so, there are closed circuits on the 
rotor in addition to the field winding, as, for example, an 
amortisseur, it is found that some of the currents in the 
rotor circuits may die away very rapidly. In order to 
distinguish between the affect of these currents and the 
affect of those which die away slowly, it is desirable to 
establish two (or more) transient reactances. The 
higher reactance, ti. e., the reactance which depends on 
currents that die away slowly, is then referred to as the 
transient reactance of the machine. The lower reactance 
may be referred to as the sub-transient reactance on 
account of its lower value. 


C. Position of the rotor with respect to axis of 
magnetization of positive phase-sequence currents. 

When the rotor is moving synchronously, the positive 
phase-sequence current can be resolved into two 
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components, one of which magnetizes in the axis of the 
poles, and the other in the inter-polar space. Accord- 
ingly, these components are referred to as direct and 
quadraturej and the corresponding reactances are: 


a. Direct, or 
b. Quadrature. 


Thus, to summarize, the types of armature reactance 
which have been considered so far are to be distin- 
guished according to whether they are: 

A. Positive, negative, or zero phase-sequence, 

B. Sustained, transient, or sub-transient, 

C. Direct or quadrature. 

The determination of a suitable notation for these 
reactances should depend more upon present and future 
requirements than merely upon previous practise. 

After careful consideration of the subject, it seemed 
that a consistent notation could be obtained by denot- 
ing the various types of reactance according to the 
method outlined below: 


A. Distribution. 
Armature reactances 
Positive phase-sequence z;, or no subscript 
Negative phase-sequence zz i 
Zero phase-sequence zo 
B. Application in time. 
Sustained—No special indication. 
Transient—One prime, 2. e., x’ 
Sub-transient—Two primes, 1. e., x" 
If it is desired to distinguish other degrees of tran- 
siency, additional primes may be added. 
C. Position of rotor. 
Direct Lad 
Quadrature z,. 
The various armature reactances of the types dis- 


cussed are then represented by the notation shown in 
Table I. 


TABLE I 
ARMATURE REACTANCES 


£a Direct synchronous, positive phase-sequence. 
Zq Quadrature synchronous, positive phase-sequence. 


za’ Direct transient, positive phase-sequence. 

Za Quadrature transient, positive phase-sequence. 
za’ Direct sub-transient, positive phase-sequence. 

Zq” Quadrature sub-transient, positive phase-sequence. 


z2 Negative phase-sequence. 
zo Zero phase-sequence. 


Synchronous reactance: The problem of determining 
the relations between fundamental components of 
armature voltage and current during steady operation 
has been thoroughly analyzed by Blondel,® Arnold,’ and 
Doherty and Nickle? The accepted theory may be 
briefly summarized as follows: 


4. A considerably broader conception of direct and quadra- 
ture quantities is developed in Part IJ. 

5. Reference (13). 

6. Reference (12). 

7. Reference (8). 
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First, the balanced fhree-phase system of armature 
currents is resolved into two component three-phase 
systems: one in which the current in each individual 
phase reaches a maximum at the instant that the axis 
of the field pole coincides with the axis of magnetization 
of the phase under consideration; and another in which 
the current in each individual phase reaches maximum 
at the instant the axis of magnetization is in line with 
the axis midway between poles, that is, one-quarter 
cycle later. The former is called the direct component 
because it produces direct component of armature 
reaction. The latter is the quadrature component. 

Then coefficients are defined expressing the ratio of 
reactive component of voltage to armature current for 
each type of current. These coefficients are the 
direct and quadrature synchronous reactances of the 
machine. 

These reactances may be expressed either in ohms, 
or as a ratio of their reactance in ohms to normal 
ohms, where normal ohms is the ratio of normal voltage 
and current. When so expressed, they are referred to 
as per-unit reactances.* Thus: 


reactance in ohms 


Per-unit reactance = 
normal ohms 


normal line-to-neutral voltage 


Normal ohms = : 
normal line current 


Consequently, per-unit direct synchronous reactance is 
defined as the per-unit fundamental component of 
reactive armature linkages, due to unit sustained direct 
component of armature current. Quadrature syn- 
chronous reactance is defined similarly. The resultant 
terminal voltage is then found by subtracting the 
reactance drop in each axis from the no-load terminal 
voltage corresponding to the existing field current, 
assuming no saturation. Hence, if the machine is dead 


"short-circuited at normal voltage, the reciprocal of the 


per-unit sustained armature current is equal to the 
per-unit direct synchronous reactance. 

Transient reactance. When a machine is subjected to 
a three-phase short circuit from an initial condition of 
no-load, the flux linkages in every rotor circuit must 
initially stay constant. But, since the armature current 
tends to demagnetize these circuits, it is necessary for 
the currents in them to increase, in order that the con- 
dition of constant flux linkages in each cireuit may be 
fulfilled. | 

This increase in rotor m. m. f. is responsible for the 
familiar fact that the initial short-circuit current of a 
machine is greater than that obtained under sustained 
conditions, after the induced direct currents in the field 
and additional rotor circuits have died away. The 
resultant armature current is calculated in terms of the 
voltage before the short circuit, as the ratio of that 
voltage to a value of reactance referred to as the 
transient reactance of the machine. 

More specifically, of course this reactance is the 
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direct component of transient reactance, since it in- 
volves only reactive or direct axis component of cur- 
rent. Thus, direct transient reactance x,’ is 


where e is the voltage preceding short circuit and t is 
the symmetrical component of armature current just 
after the short circuit. 


The exact interpretation of this definition would 
imply that the current 2 is to be measured as the value 
of the envelope of the wave of symmetrical component 
of current, as projected to the instant of short circuit. 
But, in machines with closed rotor circuits in addition 
to the field, this initial value may not satisfactorily 
represent the performance of the machine on account 
of the fact that the current induced in some or all of 
these additional circuits may die away very rapidly. 
It is desirable, therefore, to establish the conception of 
transient reactance proper, as the value of apparent 
transient reactance which applies to the current varia- 


Fic. 4— DETERMINATION OF z4' AND za BY METHOD OF 


PROJECTION 


tion after the rapidly decaying components of current 
have died away. As shown in Fig. 4, it can be obtained 
by projecting the envelope of the current wave to the 
instant of short circuit, neglecting the first one or two 
peaks. Point (b) of Fig. 4 corresponds to the transient 
reactance proper. The reactance determined by the 
projected value of the envelope of the first few peaks of 
the current wave, point (a), is then referred to as the 
sub-transient reactance. In practise, the low value of 
this reactance may be due in part to saturation in the 
leakage paths. 


Negative phase-sequence reactance. In the case of a 
machine rotating synchronously, the application of 
fundamental negative phase-sequence current gives 
nse to negative phase-sequence fundamental and 
positive phase-sequence third harmonic voltages from 
line-to-line and from line-to-neutral. The per-unit neg- 
ative phase-sequence reactance of a machine is thus 
equal to the per-unit fundamental phase voltage, or the 
per-unit line-to-line voltage, due to normal negative 
phase-sequence current supplied at the machine 
terminals. 


15. See Appendix IV. 
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e, the armature current will be 
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On the other hand, if the rotor is not moving exactly 
synchronously, the line-to-line voltages will not be 
purely fundamental, but, as is shown in Part II, they 
will contain slip frequency components. On this 
account, the direct determination of negative phase- 
sequence reactance by test is often inconvenient. 

However, it can be determined very easily by static 
test since the negative phase-sequence reactance of a 
machine is very nearly equal to the average’ of x,” and 
Lo", 1. €., 


La” + a 
2 


Zero phase-sequence reactance. The application of 
fundamental zero phase-sequence current to a syn- 
chronous machine gives rise to pulsating third harmonic 
m. m. f. in the air-gap and end-windings, and to a slot 
flux the magnitude of which varies widely with the wind- 
ing pitch. Thus, with other than full-pitch coils, the slot 
flux is diminished by the presence in the slots of coil 
sides carrying current in opposite directions. Zero 
phase-sequence slot reactance is thus very sensitive to 
pitch, and because of the fact just previously mentioned, 
is a minimum at ?/; pitch. The zero phase-sequence 
air-gap leakage also varies accordingly, and disappears 
at ?/; pitch, since in this case, there is no air-gap m. m. f. 
There is no armature reaction m. m. f. due to zero 
phase-sequence currents. Hence, zero phase-sequence 
reactance is very small, say from 15 to 60 per cent of the 
direct sub-transient reactance. The effect of the 
motion of the rotor is very small; and, consequently, 
there are no appreciable harmonie voltages. Per-unit 
zero phase-sequence reactance is defined as the per-unit 
phase voltage with normal zero phase-sequence current 
applied. While its definition implies a condition under 
which the rotor is moving at normal speed, if the rotor is 
stationary, the difference in test result is unappreciable. 


DECREMENTS 


Symmetrical component of current. The decrement 
curve of the transient armature current of a machine 
on short-cireuit will be composed, in general, of 
several simple decrement terms or exponentials. That 
is, the current will be expressible as a series, 

t t 
t=atbe hee Th. 
where a is the sustained component of current, and b, c, 
etc., are the transient components of current with time- 
constants T,, T., etc., respectively. In practise all but 
one of these time-constants will be small, :. e., less than 
about one-twentieth sec., while for dead short circuits, 
the remaining time-constants will vary in large machines 
from about 0.5 to 2.5 sec. 

Thus, a few cycles after the occurrence of a short 

circuit from an initial condition of no-load and voltage 


T, = 


DG] 
$26 NEA pe ee € 
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where T, is the short-circuit time-constant of the 
machine. 

If the machine is operating at no-load and its field 
winding is short-circuited, the variation of armature 
voltage, shortly after the beginning of the transient, will 
follow a decrement having a time-constant To, which is 
larger than the short-circuit time-constant To’. These 
time-constants are related by the simple expression 


/ 
La 


As it happens that the open-circuit time-constant of 
most large machines is about 5 sec., the above rela- 
tion provides an easy means of determining T,’ when the 


other three quantities are known. The time-constant 


T for a short circuit through an external reactance zx is 
then given as 
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D-c. component. On dead short circuits, the time- 
constant of the d-c. component is 


1 Zə d 
T= 2-f peo 


while if the machine is short-circuited through an 
external reactance, z, the time-constant is 


1 LX +H £ 
T= 2mÍf T 


where r is the armature resistance as a per-unit quantity. 

The time-constant on a single-phase short circuit is 
calculated as for the equivalent three-phaseshort circuit. 

Range of magnitude of reactances and time-constants. 
The range of magnitude of the direct, negative, and 
zero phase-sequence reactances, and the open-circuit 
time-constants of various classes of synchronous ma- 
chines is shown in Table ITA following. 


seconds 


Lai +2 ; T 
LS The first figures in any group of three quantities 
La + His . . . . 
indicate thelowerlimit, thesecond figures aretheaverage, 
TABLE IIA 
Xd xa’ rq" r2 ro* | Ty (sec.) 
Synchronous motors | 
High-speed .......... eee 0.65-0.80-0.90 | 0.15—0.25—0.35 | 0.10-0.18-0.25 | 0.11-0.19-0.25 0.02-0.15 - 
Low-speed ............0eccceeeeees 0.80-1.1 -1.5 | 0.40—0.50—0.70 | 0.25-0.35-0.45 | 0.25-0.35-0.50 0.04-0.27 
Synchronous condensers ................ av. 1.60 0.40-0.50 0.25-0.30 0.25-0.32 0.04-0.10 | 5-7 
Waterwheel generators................. 0.60-1.0 -1.25 | 0.20-0.35-0.45 | 0.15-0.22-0.35 | 0.25-0.45-0.60 0.02-0.21 3-6 
Turbo alternators 
solid rotor........ sss ee av. 1.15 0.15-0.25 0.08-0.15 0.08-0.13 0.01-0.08 Pe 
Laminated rotor.....:..........0- av. 1.15 0.15-0.25 0.08-0.15 0.10—0. 14 0.01-0.08 | 


*ro varies from about 15 per cent to 60 per cent of z4^, depending upon winding pitch. 


This also applies to the case of single-phase short cir- 
cuits. Thus, on single-phase short circuits, the positive 
phase-sequence component of current is to be calculated 
as the current that would exist when an equivalent!’ 
three-phase short circuit is applied. 


In the case of short circuits under load, the time- 
constants of the rotor circuits in the quadrature axis 
are also involved. Except for solid rotor turbo alter- 
nators, these are all so fast, however, as not to merit 
attention from an operating standpoint. 


The case of turbo alternators is also complicated 
` to some extent by the large amount of saturation which 
exists in the rotor leakage paths. The affect of satura- 
tion in such paths is not confined to turbo alternators 
only, but is encountered to some extent in short circuits 
of salient pole machines. Its effect does not, however, 
greatly modify the general conclusions stated. 


16. The equivalent reactance of a line-to-line short circuit 
is the negative phase-sequence reactance viewed from the point 
of a short circuit, while for line-to-neutral short circuits, it is the 
sum of the negative and zero phase-sequence reaetances. The 
negative and zero phase-sequence currents can be found of course, 
by applying the conditions which hold at any instant,—that for 
line-to-line faults, the positive and negative components of 
eurrent are equal in the fault; and that for line-to-neutral faults, 
all three components are equal in the fault. 


and thethird figures, the upper limit. It is understood 
that they are not absolute values, but are represent- 
ative of most machines. Where only two quantities 
are mentioned, the lower and upper limits are meant. 
If only one term is given, it is the average reactance. 


ELECTRIFICATION IN GREAT BRITAIN 


Out of a total of 594 installations in Great Britain 
in 1925, only three had a production of over 200,000,000 
kw-hr., with an average of 283,000,000. Only two 
central stations can be considered as superstations, 
and more than 300 stations have a yearly production of 
less than 5,000,000 kw-hr. With the exception of 
authorized enterprises and large industrial organiza- 
tions which produce electricity for their own use, 60 
per cent of the country may be considered as not having 
the benefits of electrification, according to British 
statistics. During 1922 to 1925 the established electri- 
cal districts had a production of 5,754,000,000 kw-hr. 
(without counting the production of large industries). 
The per capita production of Great Britain is approxi- 
mately 140 kw-hr. Sectional plans have been com- 
pleted by the Electricity Commission of Great Britain 
for an extensive electrification plan to be carried out 
in the near future.—Commerce Reports. 


Abridgment of 


Excitation Systems 


Their Influence on Short Circuits and Maximum Power 
BY R. E. DOHERTY” 


Member, A. I. E. E. 


Synopsis.—Since 1920, when the general subject of excitation 
systems was reviewed at the White Sulphur Springs Convention, 
two important problems regarding these systems have arisen: 
One relates to the required excitation characteristics during system 
disturbances, and the other to the characteristics which are necessary 
in order to increase the maximum power above the steady state or 
static limit—4. e., in order to operate the synchronous machines under 
the condition of dynamic stability. 

With respect to the former problem, the advantages and dis- 
advantages of quick response excitation are considered. Such 
ercitation tends, of course, to hold up the voltage during system 
disturbances, and is thus advantageous. However, it also increases 
the short-circuit current which circuit breakers must interrupt. 
The general trend in installing such systems 1s therefore in the 
direction of requiring larger circuit breakers. Such an excitation 
system is justified in many cases, and, indeed, it 18 essential in some. 
The extent to which the quickness of response and the maximum 
value of the excitation voltage are carried, is a question which, at 
present, should be settled by the conditions of the particular case. 

As to increasing power limits, results are given which are very 
promising with respect not only to long distance transmission, but 
also to power systems which have approached the power limit as 
determined by the condition of present normal operation. A new 
regulator, unique in its operating characteristic, has been developed 
which makes it possible to sustain stable operation under the condi- 


SUMMARY AND INTERPRETATION OF CONCLUSIONS 


HAT interpretation is to be placed on the fore- 
going discussion and facts? Should quick- 
response excitation systems be always used, 

and how ‘‘quick” should the response be? What 
element in the excitation system has made possible 
the large gains in maximum power reported in the 
paper? What is the significance of the gains regarding 
the future of power transmission? 

Two predominating facts in the field of power trans- 
mission have changed the aspect of this subject, and 
have introduced two corresponding problems in excita- 
tion systems. The growing demand for increased 
reliability of service has required quicker response of 
excitation systems on the occasion of system dis- 
turbance, in order to reduce the voltage drop toa 
minimum. And the increase in the load per trans- 
mission circuit and in the specfic loading of synchro- 
nous machines has brought rather sharply to the fore 
the limit of maximum power, which formerly was en- 
countered only infrequently. 


*Consulting Engineer, General Electric Co., Schenectady, 
N. Y. i 

1. For all numerical references see Bibliography. 

Presented at the A. I. E. E. Regional Meeting, St. Louis, Mo., 
March 7-9, 1928. Complete copies upon request. 


tion of dynamic stability, thus increasing the maximum power by 
taking advantage of a heretofore unexploited range of operation of 
synchronous machines. Comparative test results are given for 
different types of regulators. The new regulator alone showed 
extraordinary gain, giving an increase of maximum power from a 
steady state (sleady-field excitation) value of 110 kw., to a maximum . 
of 415 kw., on a system comprising a synchronous generator supply- 
ing power directly to a synchronous motor. This shows the extent of 
improvement obtainable in the machines themselves. 

With an artificial 500-mile straightaway transmission line 
between the machines, a maximum power (received at the motor) 
equal to 90 per cent of the “infinite bus" value was obtained. The 
infinite bus value was 61 kw., 55 kw. was obtained, 44 kw. being 
the steady state power limit. 

The excitation system, as controlled by the new regulator, provides 
a component of excitation voltage which is at all instants equal to the 
ar drop in the field circuit during the necessary small oscillation 
under dynamic stability. Their drop is therefore compensated, 
the characteristic of the regulator being to introduce the effect of 
negative resistance. And with zero effective field resistance, the 
maximum power corresponds to the condition of constant flux 
linkages—the power under that condition is greatly increased above 
the constant field current value. This condition is approached by 


the new regulator. 
* k x * x 


. Quick-response excitation is of distinct advantage in 
important power systems where the demand for in- 
creased reliability of service is pressing; and this, of 
course, includes many of them. The character of the 
excitation system—whether of moderately rapid voltage 
rate, or an extremely rapid rate together with a high 
"ceiling" voltage—is, to a large degree, a matter of 
economics. It is a question to be settled by the con- 
ditions of the particular case. 

But the question involves the very important aspect 
of increased short-circuit current. The use of quick 
response excitation means, in general, larger switches. 
The general trend in this direction should be duly 
considered in the choice of an excitation system. 

Radical increase in maximum power above the 
steady-state limit—. e., above the value of maximum 
power which has heretofore been the practical limit— 
has been obtained in test. This involves a state of 
operation which is fundamentally different in character 
from that of the usual present day power system. This 
state of operation is termed dynamic stability, as 
distinguished from the condition of steady state, or 
static stability. 

The increase in maximum power has been made 
possible by a new and unique voltage regulator. The 
principle which distinguishes this regulator, designated 
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n the paper by “type A,” from‘all other existing types* 
is this: for a given change in a-c. voltage, the new average 
exciter voltage for the new condition is reached at a con- 
tinuous voltage rate equal to the actual total rate of the 
exciter. This is initiated promptly, and is true for all a-c. 
voltage changes, small as well as large. The effect of the 
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stant flux linkages in the alternating field circuit. In 
other words, it gives a component of variable excitation 
voltage which is at all moments equal to the ir drop, 
thus compensating for the resistance—and therefore 
for the armature reaction. (See Fig. 2.) This made it 
possible to obtain in test a maximum power of 415 kw. 
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(A) 405 Kw. Maximum Power OBTAINED WITH ADJUSTMENT OF REGULATOR TO GIVE OPriMUM VALUE OF EQUIVALENT 
NEGATIVE RESISTANCE 


gin A 
"f T 


ee 


a ee re 


ei | 

H x KE mes 

i e 
ES 


(B) CUMULATIVE OSCILLATION AND BREAK-OUT AT 370 Kw. OBTAINED WITH REGULATOR ADJUSTMENT TO GIVE TOO 
LARGE NEGATIVE RESISTANCE 


Fia. 2—OscILLOGRAMS OF MAXIMUM POWER WITH A Type A REGULATOR. 


SET-UP SHOWN IN Fia. 3. STEADY STATE POWER 


Limit, 110 Kw. 


Curve A—True Zero line displaced 50.5 mm. above reference line Bo. T S field current 1 mm = 0.3 amperes (displaced axis Bo = 15.15 amperes) 
Curve B—Exciter armature voltage 1 mm. = 3.09 volts as measured from zero line Ao 


Curve C—A. C. line voltage 1 mm. = 4.87 volts. 


type A, or of type B which operates on the same princi- 
ple, is to provide an equivalent negative resistance, 
thus giving a maximum power corresponding to con- 


*There are four principal voltage regulators with which 
comprehensive maximum power tests were made, including tests 
at different exeiter voltage rates. Others were tested, but not so 
eomprehensively. "The four types are: 

A. Original model of the regulator embodying the new 
prineiple. "This will be referred to as type 4. 

B. New commercial form embodying, in the main, the 
eharaeteristie features of the original model. "This will be 
referred to as type B. 

C. Older commercial form with d-e. coil, which will be 
designated as type C. 

D. The usual commercial form without d-e. coil, which will 
be designated as type D. 


P. T. Ratio = 20:1. 


on a system, Fig. 3, for which the steady-state limit 
was 110 kw. See Figs. 2and 4. Thisisa much greater 
maximum power than obtained with any other 
regulator. 


The effect of the type D regulator is equivalent to 
shunting the resistance of the field circuit with an 
inductance, thus introducing a phase displacement 
between the alternator field eurrent and the excitation 
voltage. This is shown in Fig. 8. The maximum 
power is therefore less, being 190 kw., as compared with 
415 kw., since the resistance cannot be completely 
compensated without introducing the effect of induc- 
tance. (See Fig. 7). 

For relatively large changes in a-c. voltage—say of 
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the order of 10 per cent above, or 10 per cent below— 
the rate of the effective d-c. voltage approaches the 
total exciter rate with contacts closed; and for still 
large changes in a-c. voltage, as in the case of a short 
circuit, the contacts close and stay closed, thus giving 
the full exciter rate. This type is thus appropriate for 
a normal regulator below the steady-state limit, or in 
the case of short circuits; but it is not so suitable for 
quickly regulating for small voltage changes, as re- 
quired under dynamic stability. 

The type C regulator also delays action, on account 
of the dashpot, until large angular oscillations are set 
up; and its consequent effect is equivalent so inserting 
an inductance shunt around the resistance, as in the 
case of type D. Hence the maximum power is also 
lower and the hunting is more severe than in the case 
of types A and B. ` 

All other commercial types, such as the “face plate 
regulator" and its derivatives, and the commutator 
type, are still more sluggish for small voltage changes. 


To Regulator 
D.C. Generator 


D C. Motor TP 


Alternator 


260 V Pu 
Shop Load 


Exciter ^ 


Regulator Contact 


Fic. 3—TeEst Set-up WirHovT TRANSMISSION LINE 


Machine Ratings 

Alternator and motor TS-6-435-1200-4000 /2300 volts 

D-c. motor and generator M PC-6-300- 1200-250 ,//275 volts 

Exciter MP-4-17-700-250 volt 68 amperes 

Synchronous reactance (without saturation) of generator = 46 ohms 
W K? of rotor (total) = 2880 lb-ft.? 


Some of these types are efficacious for quickly changing 
excitation on the occasion of short circuits, but they are 
not appropriate for sustained operation under dynamic 
stability. Thus, the difference between the large 
increases in maximum power which have been obtained 
by using the new regulator, type A, as reported in the 
paper, and the increases obtained by other regulators 
and by hand control, is explained by the fact that the 
new regulator functions according to an entirely 
different and novel characteristic, which was chosen 
with respect to the particular requirements of this 
problem. 

Quick-response exciters are not essential to operation 
under dynamic stability. An increase of 100 per cent 
in power above the steady-state limit was obtained with 
the type A regulator controlling an exciter voltage rate 
of 24 volts sec. on a 250 volt exciter; and an increase of 
275 per cent, with a rate of 142 volts/sec. No further 
increase was obtained when the exciter voltage rate was 
further increased, even to 2300 volts ‘sec. Thus quick- 
response excitation gave no more maximum power than 
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the low rates of ordinary exciters. But it gave as much 
—4. e., it did not impair the results, until the high rate 
of 3000 volts/sec. was reached. (Where an extremely 
high'exciter voltage rate is used in connection with 
short circuits, this rate is applied only on the occasion 
of a short cireuit. Normally it is not in the circuit.) 
Then instability occurred. It is thus concluded that 
quick-response excitation was not essential to the maxi- 
mum gain in power limit obtained in the tests, because 
the gain was made without the use of such excitation. 
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Fic. 4—MaximuM Power As A FUNCTION OF THE EXCITER 
VoLTAGE BuiLp-up RATE, FOR THE TeEsT SET-UP or Fia. 3, 
Usina Type A REGULATOR 


” But this does not mean that such an excitation 
system may not be desirable in a system normally 
operated under dynamic stability. It surely would be 
desirable, but for another reason—namely, to reduce 
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Fic. 7—TueE SOLID CURVES ARE THE SAME AS THOSE SHOWN IN 
Fic. 6 


The shading is intended to indicate the intensity and range of hunting. 
Thus heavy shading indicates serious hunting, and no shading Indicates 
practically stable operation. The dotted line, with time as abscissa, 
indicates the general character of the oscillation corresponding to imminent 
break-out 


the voltage drop during system disturbances, which is 
also the reason it is used on present systems normally 
operating below the steady-state limit. 

It should be added that the type A and type B 
regulators possess the required characteristics for con- 
trolling excitation both under dynamic stability and 
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under the condition of system disturbances such as 
short circuits. That is, they possess characteristics 
suitable for general application. 

The most important aspect of the results is the 
possible influence on the future of power transmission. 
There are two phases of this which should be considered. 
One relates to the possible increase in the output of the 
synchronous machines for large central stations, or in 
special cases of industrial plants where momentary 
demands of power are greater than could be carried 
under steady-state operation, the other, to long distance 
transmission. 

With respect to increasing the output of synchronous 
machines, the foremost limitations in design formerly 
were heating and voltage regulation. "The latter was 
practically removed by the advent of the automatic 
voltage regulator, and the former has been progressively 


DOHERTY: EXCITATION SYSTEMS 


Journal A. I. ESE. 


very promising. With the new regulator, a maximum 
power equal to 90 per cent of the infinite bus value was 
obtained over an artificial 500 mi. straightaway line. 
The economic limitations in the power projects involv- 
ing long transmission distances have been widely 
discussed in the literature. The situation has been 
faced that the maximum power which could be trans- 
mitted over very long distances was not sufficient to 
justify the necessary investment. The results of the 
present investigation are promising with respect to the 
possibility of removing some of those limitations and 
thus placing such projects on a much more attractive 
basis. Future developments will show whether such 


hopes are justified. 

There is another factor which appears to be favorable 
in considering the application of the regulator on large 
machines. 


In such machines the mechanical inertia is 


Fic. 8—OscitLtoGRAM OF MaximMuM Power Test wirH A Tyree D REGULATOR ADJUSTED FOR OPTIMUM CONDITIONS. 


SET-UP SHOWN IN Fia. 3. STEADY STATE Power Limit, 110 Kw. 


190 Kw. MaxiMUM PowER OBTAINED 


Curve A— Exciter armature voltage 1 mm. = 3.43 volts (as measured from zero line Ao 


Curve B—A-c. line voitage 1 mm. = 5 volts. P. T. Ratio = 20:1 


Curve C— T S field current 1 mm. « 0.135 amperes (true zero line displaced 0.09 mm. above reference line Co) 


raised, principally by improvements in ventilation, and 
by the reduction of energy losses—1. e., sources of heat. 
Consequently, the rated output has gradually ap- 
proached, and has finally reached the immediate 
range of maximum power. Thus a new limitation is 
encountered. Although one can not draw general 
conclusions from factory tests, yet from both the test 
results and theoretical considerations, there appears to 
be no reason at this time why the limitation of maxi- 
mum power could not be set much higher by the proper 
use of the new regulator, thus making possible a 
continued progress in higher specific loading of syn- 
chronous machines. The prospects are still more 
hopeful for satisfactory application in those special 
cases where considerable momentary overload is 
required from time to time. And even if normal opera- 
tion were to be below the steady-state limit, less safety 
margin would be required, since the system would be 
capable of operating above the steady-state limit. 
That is, a new margin may thus be created by the 
regulator. 


As to long distance transmission, the results appear 


relatively greater, and the electrical transients in- 
herently longer than in the small machines used in this 
investigation. Thus, it would appear that the regula- 
tor would operate under still more favorable conditions 
when controlling the larger machines. 
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The Vibration of Transmission- Line Conductors 
BY THEODORE VARNEY! 


Associate, A. I. E. E. 


Synopsis.—T his paper isa continuation of a former one presented 
by the writer, in May, 1926. 

Records are given of vibration in actual transmission lines under 
widely varying conditions and with various conductor materials. 
These observations indicate the limiting values of wavelength fre- 
: quency and amplitude of such vibrations encountered in service. 

Laboratory experiments are described in which the observed con- 
ditions were artificially reproduced in a large conductor. The 
stresses adjacent to a point of support were studied with the aid of a 
microscope. The wave shape was plotted and the energy required to 
maintain vibration was recorded. 


N the previous paper, the writer discussed the action 
l of the wind on a suspended conductor and gave 
rules for determining the wavelength and frequency 

of the resulting vibrations. 

Since the date of that paper, records have been kept 
of the wind action upon a large number of transmission 
lines equipped with different kinds of conductors and 
installed under various conditions. 

Experimental apparatus was next installed at the 


Fic. TESTING VIBRATION OF CONDUCTOR 


1—FRamME FOR 


Carnegie Institute of Technology at Pittsburgh by 
means of which certain of the data observed in the field 
could be reproduced in a particular conductor of large 
Size. 


1l. Aluminum Company of America, Pittsburgh, Pa. 
Presented at the Regional Meeting of the A. I. E. E., St. Louis, 
Mo., March 7-9, 1928. Complete copies upon request. 
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All conductor vibration breaks observed 1n practise have occurred 
at supports or badly made joints. The conclusion is reached that if 
the radius of curvature at the support can be maintained at least 
equal to that at (he center of a loop, no breakage will occur. 

Mathematical expressions are given for delerminining the radius of 
curvature at the center of a loop, the bending moment at a support, 
and the necessary additional amount of conductor stiffness at the 
support to satisfy the desired condition. l 

There is described a simple form of stiffening device which even 
in a more crude form has been found effective in several cases of 
actual service. 


This apparatus consisted of a heavy wooden frame 
provided with grooved pulleys at each end. Tension 
was maintained by turnbuckles and a dynamometer 
installed in the lower side of the conductor loop. 

Vibrations were produced and maintained by a 
small motor operated from a storage battery, a counter 
shaft carrying a fiywheel, a tachometer, and a crank 
disk, engaging with a light wooden connecting rod and 
guided plunger. This plunger was connected with the 
conductor by means of a small spiral tension spring. 
By varying the speed, one, two, three and four loops 
could be obtained. 

In order to obtain definite conditions at the point of 
support, a heavy cast-iron block was bolted to the 
framework near one of the pulleys. This block held a 
split steel bushing bored out to fit the conductor 
accurately and tightly. 

A high-power microscope was bolted to this block so 
that no relative motion existed between them. The 
microscope was then focused on the top of the conductor 
next to the end of the bushing. By means of an eye- 
piece micrometer, the maximum longitudinal motion of 
a point on the top strand of the conductor was observed. 

The path of the observed point diminished longi- 
tudinally as the microscope was rotated from the top 
toward the side of the conductor, becoming more and 
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more oblique and approaching a right angle with the 
longitudinal axis of the conductor on the horizontal 
transverse diameter. No effect of longitudinal vibra- 
tory impact could be discerned and the effects noted 
above are undoubtedly due to simple transverse bending 
in the vertical plane. The transverse motions of the 
conductor were carefully noted and plotted. The re- 
sulting curves are sine waves for all loops not adjacent 
to a support. The supports distort the wave, producing 
a bending action adjacent to it and a point of inflexion 
in the first half of the loop. 

In all of the cases recorded, no breakage of strands 
has occurred except adjacent to a support or at a joint 
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which had been either poorly designed or applied. 
It is a logical conclusion that if means can be found to 
prevent any sharper bending of the conductor at a 
support or at a joint than occurs at the middle point of 
a loop, breakage due to vibration will be prevented. 

Considerable thought and ingenuity have been 
expended upon the design of suspension clamps, but so 
far as the writer is aware, no logical method has pre- 
viously been developed to determine the proper shape 
of the conductor seat. The support cannot be regarded 
as a simple node and it is difficult to provide effective 
means for permitting the wave to pass through the 
suspension clamp without bending the conductor. 
The reason for this is that it is impossible always to 
have a wave impulse leaving on one side of a support at 
the instant it is arriving on the other. This is evidenced 
by recorded cases of broken strands while the conductor 
rested on a sheave. 

If the suspension clamp could be designed with a 
radius as large as that at the loop center, it would be 
effective, but it is difficult to do this within available 
limits of design. The angle of the conductor with the 
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horizontal in a span of the greatest practicable length 
and sag at present in use, or contemplated, is about 23 
deg. The summer to winter variation would be on 
the order of 2 or 3 deg., while the vibration angle is 
less than 14 deg. The correcting means must therefore 
be applied to the moving conductor. 
A simple and practical method is to apply to the con- 
ductor a layer of cylindrical rods at the support. 
Preferably each rod tapers at each end, thereby ena- 
bling it to be twisted around the conductor and held at 
theends. This gives maximum resistance to bending at 
the support and a tapering mass on each side to prevent 
sudden reflection of waves at its ends. This arrange- 
ment is illustrated in Fig. 2. 
The above conclusions are based upon the observa- 
tions and experiments described and also upon the 
following theory. Referring to Figs. 3 and 4, the letters 
have the following meanings: l 
L = Loop length = half wavelength 
A = Amplitude of complete vibration 
R = Radius of curvature at middle point of loop 
Q = Angle with axis at node point of freely vibrating 
loop | 
P = Total tension in conductor in lb. (conductor not 
vibrating) 

— Arc length of loop 

Moment producing bending at support 

= Moment of inertia of complete cable and damper 
at support 

= Moment of inertia of steel core of conductor 

= Moment of inertia of aluminum part of 
conductor 

= Moment of inertia of damper at support 

= Virtual modulus of elasticity of complete con- 

ductor and damper 

= Modulus of elasticity of steel 

a = Modulus of elasticity of aluminum 

a= Modulus of elasticity of damper material 


a fe ge chug m 1 
y- 3 sin’ = -5 sin | (1) 
T A - 
tan Q = 57 at origin when x = 0 (2) 
2L 
1 (y Ja 3 
dt=[14+(-7 z (3) 


This expression can be integrated approximately as 
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follows:— 


1 3 5 
i L(1 + q tan’ Q-g,tan' Qc seq tant @ ) (4) 


[+(e ) 
R= — æy 


dx? 


L | L 
— ) when z =a (5) 
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When the loop is vibrating freely in the span away 
from a support, no bending occurs at O and the angle 


Q is produced by the balanced motion of the adjoining 
loops. If a support occurs at O, the angle Q becomes 
zero at the left of O. The conductor at the right of 
O is bent into a curve, alternately concave upward and 
downward. 

Although the angle Q is small, the bending produces 
very considerable fiber stresses which added to the 
direct tension in the cable has produced breakage. 

In Fig. 4, a circle of radius E is drawn tangent to the 
axis of X at the origin O. Ata point B, a tangent is 
drawn to this circle parallel to O C. "This tangent 
makes an angle Q with the axis of X. The arc OB 
subtends an angle at the center equal to Q and the angle 


B O E equals a 
The are length O B is obtained as follows: 


Q 
Arc O B = 360 2r R 


Chord O B = arc O B, very nearly, since Q is small. 
y’ = O B sin -S (6) 


Since Q is small, X may be taken equal to O B and 
substituting this value of X in equation (1): 


a . wx’ 
y —-$ sn L 


(7) 


When the loop is freely vibrating, the tension in the 


wire produces no bending at O. When bending occurs ' 
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at O, the resultant of the tension in the cable does nót 
pass through O, and the bending moment is the product 
of the tension and the offset of the bend. 

Under the conditions indicated in the figure, the bend- 
ing moment at O is represented as follows: 


K=P.BC = P(Y"— Y’),—-very nearly. (8) 
In order to satisfy these conditions, the following 
relation must obtain: 
IM=RK (9) 
In order to satisfy this condition, J must usually be 
greater than the value corresponding to the wire itself. 
This value may be obtained by a reinforcing wrapping 
or damper, the proportions of which may be determined 
from the following expression. 
RK=IM=1,M.+1,.M,.+ 142M. (10) 
It is apparent from equation (8)that by assuming a 
series of values of R, and determining the corresponding 
values of K, the proper value of R’ is obtained when the 
resistance to bending of the conductor, without damper, 
equals the bending moment thus produced. To illus- 
trate this balanced condition, equation (10) may be 
written as follows: 
R’ Kk’ =1,M,+1.M., (11) 
In the final analysis, the quantities to be determined 
are the fiber stresses, due to bending at the middle of 
the loop and immediately to the right of O. 
If the strands are not restrained by friction, the 
fiber stress in each strand is due only to bending about 
its own neutral axis. Thus: 


| d 
Jma = Max. Fiber Stress = M, OR 


If the friction between the strands were increased by 
any means so that all relative slipping ceased, then the 


42) | 
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maximum fiber stress would be expressed as follows: 


Jma = Max. Fiber Stress = M (13) 


^ 2R 
The true value of the fiber stress is somewhere be- 
tween these extremes and is close to that given by 
equation (12). 
Referring to equation (11) the values of J, and J, will 
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(Ia Ma +I, Madd = 5480 
(Ia Mg + I, Mp = 49160 
(fa Ma +I, M. + Ia Ma)a = 162,900—With7 X 0.475 in. Alum. Damper 
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Conductor— 200,800 cir. mils A. C. S. R. Diameter 0.633 in. 
Wt. per Ft. 0.343 Ib. 
6 x 0.2108 in. Alum. E. 0.2362 
Stranding:— Ha 0.885 
7 X 0.0705 in. Steel H, 0.115 

Span | Temp. P L A F R- 
l (1/32 

(ft.) (fah.) Ab.) (ft.) in) |(C.P.S.)| Tan Q. (ft.) 
1020 54 2260 4.0 4. 30.0 0.004090 311 
1020 58 1825 9.5 4. 22.3 0.001723 1754 
1020 70 1710 12.0 6. 17.2 0.002045 1867 
1020 70 1710 14.0 10. 12.2 0.002921 1525 
1020 70 1710 4.0 2. 45.0 0.002045 622 
920 18 2370 20.0 6. 13.6 0.001228 5183 
920 28 2270 8.8 4. 26.0 0.001859 1507 
920 37 2135 10.0 6. 22.0 0.002454 1296 
920 42 2005 4.2 1. 52.0 0.000974 1372 
920 48 1850 6.0 5. 35.0 0.003410 560 
920 59 1840 8.5 3. 28.0 0.001444 1873 
1020 —20 2720 4.0 4 30.0 0.004090 311 
1020 —20 2720 14.0 10 12.2 0.002921 1525 


depend upon whether the neutral axis is taken at the 
center of the conductor or at the center of each strand. 
Similarly, the value of R' will depend upon this same 
condition. The rather interesting fact develops that 
the fiber stress in the undamped conductor at the 
support is practically the same no matter which of these 
assumptions is made. See Table I. 


The column headed J,’ represents the fiber stress 
in the conductor at a support with neutral axis at 
center of each strand. J.’ is the corresponding value 
with axis at center of conductor. Throughout this 
list these values are practically equal. 


Table I further illustrates the effect of a damper 
cage consisting of seven aluminum rods each 0.475- 
in. diameter. In this case the radius of curvature is 
represented by E,", the fiber stress in the aluminum 
part of the conductor is given by J,” and the stress in 
the damper rods by J”. 


In Table I the last two cases are hypothetical as 
regards loop length and amplitude for — 20 deg. fahr. 
All the others are observed. 

The effect of the damper is not only to increase the 
radius of the bend at the support but also to reduce the 
amplitude, frequency, and loop length which still 
further reduces the fiber stress due to bending. 


In conclusion, the fact remains that in none of the 
cases recorded does the total normal tension stress 
plus the bending stress in the aluminum part of the 
conductor reach the endurance limit values which have 
as yet been established by the usual laboratory methods. 
The inference is that the bending action at the support 
creates an unequal distribution of the stresses between 
the several strands alternately overloading some of 
them and relieving others. If this bending can be 
sufficiently restricted, the damaging results must 
disappear. 


Dampers similar to the type described herein have 


Jud Ra’ Ja’ Ro’ Jp’ Ra” Ja’ Ja” 
Qb./ (lb. / (lb./ (lb./ (lb. / 

sq. in.) (ft.) sq. in.) (ft.) sq. in.) (ft.) sq. in.) | sq. in.) 
254 46 1725 139 1710 288 274 619 
45 122 650 861 658 658 120 271 
42 103 768 315 754 572 138 312 
52 70 1130 212 1120 413 192 441 
127 106 747 327 721 766 103 233 
15 146 542 442 548 800 99 223 
52 103 772 296 802 550 144 324 
61 78 1015 231 1028 483 182 412 
58 195 405 629 377 1283 62 139 
141 58 1355 179 1325 334 237 535 
42 145 547 425 559 775 102 230 
254 41 1935 128 1850 250 316 714 
52 56 1416 173 1370 313 253 570 


been in operation in certain cases for about three years, 
without breakage of conductor strands, whereas 
before the application of the dampers, breakages had 
occurred within from two to three months after 
installation. 


The problem has been approached in a different 
manner by G. H. Stockbridge, Engineer of Trans- 
mission, Southern California Edison Co. He has 
successfully suppressed vibrations by means of an 
ingenious device located in the span some distance from 
the support. 


The writer is indebted for valuable assistance to 
Prof. William R. Work, and Mr. F. E. J. Litot, Carnegie 
Institute of Technology. Also to Messrs. L. W. Henry, 
M. E. Noyes, H. H. Rodee, L. H. Hemeter, L. D. 
Hutcheson, R. L. Templin, and G. W. Stickley, Alumi- 
num Company of America. 


RADIO EQUALIZATION PLAN STARTED 


Under the equalization clause of the Radio Act 
which recently became a law, the Federal Radio Com- 
mission is attempting to develop a suitable plan. 


An informal conference of radio engineers was held 
in the Department of Commerce on April 6, as a 
preliminary step in the development of this plan. A 
tentative draft of alternative plans was prepared 
by the Commission and submitted as the basis for 
discussion. 


An aggregate of 340 full-time assignments for the 
hours of darkness was proposed as an alternative, 
with increase in number of stations made possible 
during the daytime and during the night time, with 
time divisions. | 

It is contemplated by engineers in a position to 
judge that a great deal of difficulty will be experienced 
under the new equalization provision. 


Superexcitation on Synchronous Condensers 


For Conowingo System 
BY D. M. JONES: 


Associate, A. I. E. E. 


Synopsis.—This paper outlines superercitation as it will 
be applied to the synchronous condensers purchased for Plymouth 
Meeting, the receiver substation of the 220-kv. Conowingo trans- 


SYNCHRONOUS CONDENSERS AS STABILIZERS 


N planning the. delivery of the electrical output of 
the new Conowingo hydro plant on the Susquehanna 
River to the system of the Philadelphia Electric 

Company, the proposal was made that a certain 
nominal capacity of synchronous condensers be located 
at Plymouth Meeting Substation, the receiver end of the 
Conowingo 220-kv. transmission lines. The expressed 
basic intent of this proposed installation was not 
voltage regulation, but an increase in the power 
transporting capacity of the transmission lines during 
system disturbances. 

The consummation of this intent required that these 
condensers, although operating normally at reduced 
output, should render the maximum practicable stabiliz- 
ing action during system short circuits. 


This stabilizing action of a synchronous condenser 
is based on its flywheel effect and its kv-a. output 
during such a disturbance. If the condenser is adjacent 
to the generating area, its W R? is in effect added to that 
of the generators and reduces the angular advance of 
their rotors directly following the short circuit. If it 
is adjacent to the load, the condenser will add its fly- 
wheel effect to that of the load and thus minimize the 
angular retardation of the rotor of the equivalent syn- 
-chronous load. In both instances the action helps to 
keep generator and load together, and thus tends to 
raise the stability limits. 


The kv-a. output of a synchronous condenser during a 
disturbance helps to hold up the system voltage and 
thereby increase the power carrying capacity of the 
network. This emergency kv-a. output in a given 
condenser varies with the reciprocal of the transient 
reactance and directly with the excitation applied to it. 


W R: and emergency kv-a. output, in so far as 
regards transient reactance, depend for their magni- 
tude, on the major design constants of the con- 
denser, and tend, in general, to follow along together with 
variations in these factors. These considerations 
suggested the possibility of raising a condenser’s 
stabilizing capacity by special design. An analysis 
of this possibility, however, with reference to a condenser 


1. Central Station Engineering Dept., General Electric Co., 
Schenectady, N. Y. 

Presented at Regional Meeting of the A. I. E. E., District No. 2, 
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mission lines. In il are discussed the design limits of the erci- 
tation equipment as chosen and the emergency condenser output 
expected from it, are evaluated. 


of given rating showed that when losses were kept 


. Within an economie minimum, the readjustment of the 


design factors to give an enlarged W R? and kv-a. 
output under the emergency conditions resulted in 
producing a normal synchronous condenser of in- 
creased rating. It was evident, therefore, that the 
most economic method of obtaining a given W R? and 
inherent kv-a. output from a synchronous condenser 
would be to select a standard machine of sufficient 
capacity to meet the requirements. 

A study of the emergency output of a condenser by 
the use of additional excitation, however, showed such 
possibilities at nominal cost increases that it was 
decided to use this method to the practicable limit. 

Critical Period in System Stability. From general 
consideration of stability, it was felt that what 
happened during the first swinging apart of the ma- 
chines on thesystem following a short circuit determined, 
in most cases, whether or not the system held together. 
As this swing would occur in about one-half a second, it 
was felt that the condensers should be arranged to 
attain their maximum output within this period. 


Maximum Output of Synchronous Condenser. It was 
recognized throughout that the general limits set for the 
equipment would have to be a reasonable compromise 
between maximum condenser outputs and practical 
economic considerations. In this spirit, the fact that a 
normal exciter would safely commutate, as a maximum, 
about double full-load current, and that this degree of 
excitation was beginning to produce saturation in the 
condenser, was permitted to establish the emergency 
output of these machines. Thus, their maximum output 
was placed as that obtainable with double-rate field 
current, which of course was a long way inside their 
short-time heating limit. 


Exciter Ceiling Voltage. A check on the design 
limitations of the main exciter showed that approxi- 
mately 1000 volts was a reasonable commutation 
limit if costs were not unduly raised, and approximately 
1000 volts thus became the maximum, or *'ceiling," volt- 
age of the exciter. 


Time to Attain Exciter Ceiling Voltage. As the effect 
of condenser output on stability during disturbances 
was practically a matter of integrated, or average, kv-a. 
output during the period, it was evident that it was 
desirable to obtain the maximum area under the time- 
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output curve for given maximum value. It was 
therefore decided to try to attain the exciter ceiling 
voltage in approximately one-eighth of a second. This 
led to the use of low-resistance main exciter field 
windings, supplemented by a permanent block of 
series resistance, to definitely limit the exciter to 1000 
volts, as this was less than the saturation limit. 

J. Separate Excitation and Sub-Exciters. Separate exci- 
tation at approximately 250 volts for the fields of the 
main exciter was decided upon for the following 
reasons: 

Its use in connection with the main exciter field 
connections met the established excitation requirements. 

It would result in an excitation equipment readily 
controllable by hand when occasion required. 

This arrangement would impose on!y nominal voltage 
on the regulator equipment. Finally, a main field 
voltage of 250 was a convenience in the design of the 
sub-exciter from the standpoint of commutation 
requirements. 


Properly, it should be added that in the matter of 
simply attaining a given maximum voltage in a mini- 
mum time, a self-excited exciter would give very good 
results when the maximum voltage, as in this case, is 
considerably above the value of the separate excitation. 
This would be true even though the self-excited type 
. were handicapped by starting from comparatively low 
excitation values. 


Type of Exciter Connection. In designing an exciter 
to attain its ceiling voltage quickly following a short 
circuit, an unshunted series winding proved particu- 
larly helpful, as it tended to overcome the excessive 
exciter armature resistance dróp and demagnetizing 
reaction incident to the induced rush of main field 
current in the synchronous condenser following the 
disturbance. 


This connection was also included on the sub- 
exciter for its helpfulness, both during transient excita- 
tion conditions and during normal variations of excita- 
tion load. 


Type of Exciter. The direct-connected exciter is so 
enviably simple, both electrically and mechanically, 
that it was evidently desirable to use this type if the 
reduced rotational speed as compared with a motor- 
generator set would not offer too serious a handicap in 
the time required for the exciter voltage to reach its 
ceiling. This was especially true in the light of the 
fact that both main and sub-exciter could be mounted 
overhung, one on each end of the main shaft of the 
synchronous condenser. 


A specific check on these exciters, direct-connected at 
600 rev. per min., and separately driven at 1200 rev. 
per min., showed but a four per cent handicap in rate 
of rise against the machine with the lower rotation 
speed, and direct-connected exciters were therefore 
chosen. 


This contradiction of the often expressed direct 
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relation between rev. per min. and rate of voltage rise 
in an exciter warrants the explanation that: although 
this relation does hold approximately on small units,. 
it does not on large ones. 


Reference to Fig. 1, will show more clearly the general 
relationship between these factors and especially the 


kw. 


fact that when exciter ————————— 
rev. per min. 


, which is pro- 
portional to volume, exceeds approximately four-tenths, 
the time constant becomes practically a fixed quantity 
on machines of normal design. 


In applying the test to the main exciter in this 
equipment, it will be necessary to use a rating corre- 
sponding to its physical size instead of the nominal 
rating subsequently given. 

Since this main exciter has an armature and com- 
mutator construction corresponding to that of a 750- 
volt machine, its physical rating at that voltage is 


o8 09 10 11 


RPM, 


Fig. 1—Curve INDICATING THE RELATION BETWEEN THE 
TIME CONSTANT AND THE SPEED AND RATING OF EXCITERS 


495 kw. On this basis, the ratio of kw. torev. per min. 
is approximately eight-tenths, which places this ma- 
chine well on the flat section of the curve in Fig. 1,? thus 
agreeing with the specific check on the exciter build-up 
rates above mentioned. 


CONTROL EQUIPMENT 


Acceptable control of excitation becomes more and 
more difficult as exciter voltage ceilings and rates of 
voltage rise become higher. In this case of super- 
excitation, therefore, the regulating problem is not 
negligible. 

The control scheme consists of a vibrating voltage 
regulator with its relay contacts controlling the main 
exciter field, and a resistance in series with the field 
of suffieient magnitude to give satisfactory regulator 
operation at the minimum excitation required on the 
synchronous condensers. 


2. This curve is taken from paper Transmission System 
Power Limits, by Nickle & Lawton, Trans. A. I. E. E., Vol. 
XLV., 1926, p. 1. 
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This series resistance is shunted totally by a master 
contactor and also progressively shunted in part by 
secondary contactors. These secondary -contactors at 
the maximum are capable of reducing the excitation 
voltage to a value which will just sustain double normal 
field in the synchronous condensers. 

In general, the vibrating regulator is of standard 
design. It is equipped with a three-phase torque motor 
instead of a single a-c. coil in order to provide proper 
response under all short-cireuit conditions; and also 
with the recent improvements which materially raise 
the dynamic stability limits of synchronous machines 
under their control. In addition to these normal 
refinements, however, it does include a special de- 
pressed contaet in conjunction with the normal pair of 
main floating contacts, so adjusted that it will close on 
voltage reductions incident to system short circuits. 
This contact closes the master contactor and thus 


Required relation between rate of excitation rise and 
excitation ceiling voltage in order that load of synchronous 
condenser rated ; AT1-12- 30000 M-600S - 13800 Volt, when 
connected to an infinite bus, may rise from 10000 leading 
kv-a.to 55000 leading kv-a. in approx. Y2 second.(0.05 sec. 
allowed for regulator to operate.) 
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shunts put all the control resistance in exciter main field 
circuit. This raises the excitation voltage to its 
maximum, but it is subsequently reduced to a 
value equivalent to double field amperes by a current 
relay in the synchronous condenser field, which opens 
the master contactor and inserts in the exciter field, 
circuit the resistance unshunted by the sectional 
contactors. Subsequent operation is directly under 
the control of the voltage regulator, supplemented, 
however, by current relays in the main exciter field, 
which control the sectional contactors so as to supply 
to the exciter field a voltage acceptable to the regulator 
under all conditions. 


RESULTING RATINGS OF PROPOSED EQUIPMENT 


Eventually, the original proposal was translated into 
an order for definite equipment as listed below: 
Three 30,000-kv-a. standard synchronous condens- 
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ers, 13,800 volts, 600 rev. per min., 250 volts field, each 
equipped with: 

A direct-connected main exciter, compound wound, 
with a nominal rating of 165 kw. at 250 volts, capable 
of commutating double full-load amperes at 1000 volts. 

A direct-connected sub-exciter, compound wound, 
with a continuous rating of 40 kw., at 250 volts. 

The maximum commutation requirement on the sub- 
exciter is the load resulting when its rated voltage is 
applied to main exciter field circuit under minimum 
resistance connection. 

With this equipment as outlined, and terminal 
voltage held constant, it is expected that operating at 
10,000-kv-a. output and normal voltage, a closing of 
the depressed regulator contact will raise the output to 
55,000 kv-a. in approximately one-half second. These 
expectations are based on a performance in the excita- 
tion equipment, as outlined, and on a response in the 
synchronous condensers so computed as to include such 
factors, as will affect these machines. 


RELATION OF EXCITATION CEILING VOLTAGE AND TIME 
OF ITS RISE TO SYNCHRONOUS MACHINE OUTPUT 


The interrelation of excitation ceiling voltage and the 
time required to acquire it in obtaining the expressed 
synchronous condenser output in approximately one- 
half second, is of interest. 

Fig. 2 brings out the basic fact that pushing the ceiling 
voltage to an excessive value or time of rise to a mini- 
mum does not give corresponding improvement in the 
synchronous machine output. Thus, these factors 
should be utilized in magnitudes corresponding to 
commensurate or mid-curve values. è 

These values, however, are relative depending upon 
the requirements placed on the synchronous machine 
output. The greater the output increase desired in a 
given time, the greater will be the advisable ceiling 
voltages and the shorter will be the applicable time of 
rise. 

For example, while an ordinary requirement for 
increases in output may limit the justifiable rate of 
exciter voltage rise to 400 or 600 volts per sec., and a 
correspondingly moderate exciter ceiling voltage, this 
case of super-output on a condenser makes it advisable 
to use superexcitation. 


Reference to Fig. 3, giving the several values of output 
kv-a. plotted against time, produced by different com- 
binations of an exciter ceiling voltage and an average 
rate of exciter voltage rise required to produce the 
fixed synchronous condenser output desired, shows a 
relatively narrow range of acceptable exciter build up 
rates. 


Inspection of curves Nos. 2 to 5, Fig. 3, shows a 
constantly diminishing return in total kv-a. output, 
which confirms the decision to limit the rate of rise to 
the 6500 volts per sec. represented by the No. 2 curve. 

Curve No. 5, Fig. 3, demonstrates that ordinary 
rates of exciter voltage rise are not applicable at all in 
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the accomplishment of the specified requirement, for, 
if the exciter build up is less than 3200 volts per sec., 
the desired condenser output cannot be obtained even 
with infinite maximum excitation. 


COMPARATIVE OUTPUT OF SYNCHRONOUS CONDENSERS 
WITH DIFFERENT EXCITATION SYSTEMS 


After the foregoing general discussion, a concrete 
comparison of different kv-a. outputs obtainable from 
the synchronous condenser in question with different 
types of excitation may be of interest. Fig. 4 was 
prepared to give this information on one of the 30,000- 
kv-a. condensers under consideration, operating under 
the expected normal condition of one-third rated load. 
The detailed data can be briefly abstracted as follows: 


If the machine operating on an infinite bus were 
equipped with a normal exciter and voltage regulator 
and full excitation applied, the average increase in 
kv-a. output for the first half second, which is expressed 
by the area under the output curve, would amount to 


Load-Time Curves of Synchronous Condenser 
rated AT1-12- 30,000 M -600 S- 15,800 Volts when 
connected to an infinite bus and the Following 
eacitations applied when the machine is carrying 
16000 leading kv-a.( 0.05 seconds allowed for 
regulator to operate. 


Rate of Ceiling 
Voltage Rise | "Voltage 


Thousands of Kv-a. Output 


Time in Seconds 
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approximately two and one-quarter per cent of the full 
rating of the condenser. 

If under the same conditions, the nominal ''quick 
response" type of excitation, with approximately 400 
volts per sec. rise and normal exciter ceiling voltage 
were applied, the increase in output would become 
eight per cent. 

If, again, the excitation, were raised at the rate of 
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approximately 3000 volts per sec. to a maximum of 500 
volts, the average output of the condenser would be 
raised 32 per cent of its full-load capacity; and finally, 
by using the superexcitation as contemplated, wherein 
the maximum condenser output is limited to the 
equivalent of double excitation, the increase becomes 
64 per cent of the rating of the machine. 

From this comparison it is evident that the degree of 


Output-Time Curves of Synchronous Condenser 
rated AT1-12-30.000M-600-13800 Volts when 
connected to an Infinite bus and the follow- 
ing excitations applied with the machine 
carrying 10,000 kv-a. leading (0.05 seconds 
allowed in each case for regulator to operate) 
Curve 1- Standard excitation. 
Curve 2- Normal "quick response" excitation. 
Curve3- Excitation with response and 
exciter ceiling voltage 5O0per cent 
of super-excitation. 
Curve 4- Super-Excitation. 
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superexcitation proposed does not exceed that which 
can be justified by the response. 


CONCLUSIONS 


In the light of the foregoing facts, this installation 
will place at least one new milestone beside the path of 
electrical development. 

It will be the first use of superexcitation on a syn- 
chronous machine on any operating system. 

The author wishes to express his appreciation of the 
considerable assistance given him by Messrs. R. H. 
Pork, O. A. Gustafson and F. R. Longley in the prepara- 
tion of this paper. 


The fifth Annual Convention of the American Oil 
Burner Association, held last month in Chicago, 
brought together 1500 delegates including many 
electrical men. Most of the principal oil burners 
have been approved by the Board of Underwriters, 
and there is a good prospect of cooperation between 
the oil heating industry and the electric light and 
power stations. 
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A Thermal Method of Standardizing Dielectric 


Power Loss Measuring Equipment 
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Synopsis.— After a brief review of the need for reference standards 
in dielectric power loss measurements at highvoltage and commercial 
power frequencies, this paper describes a thermal method for measur- 
ing dielectric power loss 1n cable, utilizing the sheath temperature 
rise associated with the flow of heat due to the power loss within the 
sheath. Sources of error are discussed briefly and results are given 


GENERAL 


OR some years engineers interested in the measure- 
ment of dielectric power loss at high-voltage and 
commercial power frequencies, such as in paper 

insulated cable, have felt the need for suitable means by 
which such measurements could be standardized. It is 
considered that such a means of expressing dielectric 
power loss in terms of well established units may be 
found in an examination of the heat appearing in the 
dielectric under consideration. The methods that 
occur to one as promising are either (1) a flow calorim- 
eter or (2) the comparison of surface temperature rise of 
two samples under similar conditions, one having 
dielectrie power loss, the other, a source of heat easily 
measured with the desired accuracy, such as d-c. 
ohmie power loss in the conductor. When the 
temperature rises are equal, the dielectric power loss in 
the former is taken equal to the ohmic power loss in the 
latter. The symmetrical geometry of lead sheathed 
cable, and the ease of making measurements on a short 
section of a long cable, thus avoiding end effects, led to 
the adoption of the latter method, which will be known 
in this paper as 'comparison of heating." Results of 
preliminary measurements by comparison of heating at 
about 35 kv. three-phase were presented by Mr. E. S. 
Lee in the discussion at the Symposium on Dielectrics 
and Power Factor Measurements held at the Niagara 
Falls Regional Meeting of the Institute in 1926. 
The present investigation extends this method to single- 
phase measurements at 90 kv., and introduces refine- 
ments in the apparatus and method. 


It should be noted that our immediate interest in this 
work was the detection of any constant error in the 
dynamometer wattmeter equipment as used for the 
measurement of dielectrie power loss in high-voltage 
cable. Due to that interest, several other phenomena 
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and 


in comparison wilh measurements of dielectric power loss by the 


reflecting astatic electrodynamomeler wattmeler, using an air 


capacitor for phase-angle compensation. 

In connection with the investigation, certain possible errors in 
dynamometer measurements are noted, particularly the effect of 
humidity on power loss in the air capacitor. 


not closely connected with the thermal measurement 
of dielectric power loss,—especially the fairly definite loss 
in the air capacitor at high relative humidity,—were 
examined and are reported here. 

This paper is presented that others interested in 
dielectric power loss measurements at high voltage 
and commercial power frequencies may avail themselves 
of our experiences with this method as a means of 
checking dielectric power loss measuring equipment. 


DESCRIPTION OF APPARATUS 


Comparison of heating requires the measurement 
of the ohmic power loss in the conductor of one cable 
that produces nearly the same sheath temperature rise 
as that of a similar cable to which alternating voltage 
is applied across the insulation, the cables being under 
like conditions for heat flow to the surrounding medium. 
That is, two like cable samples with suitable terminals 
are required mounted in some medium that provides 
approximately constant ambient temperature and like 
conditions for heat flow from the two cables. Means 
must be provided for measurement of the small tem- 
perature difference between the two sheaths with the 
necessary accuracy. Actual temperature rises are not 
needed if the conditions of constant equal ambient 
temperature and thermal emissivities constant in time 
can be maintained. These conditions were maintained 
on two single-conductor cable samples to the degree 
shown in the complete paper. (See Fig. 1.) 

Suitable means were provided for measuring im- 
pressed high voltage on one cable and d-c. ohmic power 
loss in the conductor of the other cable. 

Two schemes of temperature measurements were 
used. Four sets of thermopiles, each consisting of 
20 copper ideal junctions in series, ten (''hot" 
junctions embedded in the sheath of one cable and ten 
“cold” junctions in the other), were distributed along 
the measuring sections of the cables to permit reading 
temperature differences. The second scheme consisted 
of five resistance temperature detectors made of 10- 
mil (0.065-sq. mm.) enameled copper wire, wound in 
contact with the sheath of each cable and covered with a 
strip of 0.01-inch (0.25-mm.) horn fiber. 
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HEAT FLOW 


Two questions may well arise here concerning the 
necessity for approximately constant ambient tempera- 
ture and the possibility of error due to axial flow of heat 
along the conductor. Constant ambient temperature 
is necessary because the dielectric power loss in paper 
insulated cables at a given voltage changes with tem- 
perature and because of the two cables, the one heated 
by dielectric loss will respond more rapidly to changes 
in ambient temperature than the one heated by copper 
loss. Fig. 2, showing temperature difference as a 
function of time between two cables having dielectric 
power loss in one very slightly less than the ohmic loss 
in the conductor.of the other, illustrates this. 

The possibility of error due to axial flow of heat along 
the conductor was shown to be negligible by an ap- 
proximate analysis of steady state conditions. 


PRECISION OF MEASUREMENT 


D-c. power input measurements, as such, call for no 
further comment. They were of the precision usually 
obtained with portable instruments and ordinary care. 
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Fic. 2— TEMPERATURE DIFFERENCE BETWEEN CABLE SHEATHS 


AS A FUNCTION or TIME 


Ordinate is temperature of cable sheath A minus temperature of cable 
sheath B, with dielectric power loss in cable A nearly equal to ohmic loss 
in conductor of cable B 


It is necessary to note, however, that with our equip- 
ment, this power input could not be held as closely 
constant during a heat run as it could be read on the 
instruments. Momentary departures from the desired 
value of power input were as great as 11% per cent. 
The same figure holds for departure from the desired 
value of voltage squared on the cable having dielectric 
loss. It is believed that the mean power over a short 
period was held to within one part in two hundred, 
although one per cent is reported here as a conservative 
value for probable error in holding constant power on 
each cable separately. 

Cable charging current, although not entering into 
the determination of dielectric power loss, was measured 
using an electrodynamometer ammeter with an ac- 
curacy of one per cent. The same value of current at a 
given voltage, obtained from a series of determinations, 
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was used in calculating all power factors at that voltage. 

Temperature differences by thermopile were read by 
a galvanometer. The over-all sensitivity was 0.0015 
deg. cent. per mm. deflection. Errors due to thermal 
e.m.fs. in the galvanometer and series resistance 
(used to secure proper damping) were eliminated by 
reversed readings. Connection to the thermopiles was 
made by means of copper braid clipped directly to the 
copper wire leads from the thermopiles. Here there isa 
source of possible thermal e. m. fs. not eliminated by 
reversed readings. This source of error was investi- 
gated and found small as compared with one mm. 
deflection. 


In view of the fact that the resistance temperature 
detectors were read one at a time, it was necessary to 
follow a scheme of checking back, reading first a detector 
on cable “A”, then one on cable “B”, then back to 
"A" again, to avoid errors due to the small cyclic 
variations in ambient temperature previously men- 
tioned. This variation amounted to about 0.03 deg. 
cent. at the detectors (0.2 deg. cent. in the air). The 
sensitivity was about the same as for thermopiles; 
1. €., readings could be taken quite rapidly to 0.002 deg. 
cent. Incidentally, the labor of computation is con- 
siderably greater with resistance temperature detectors. 

Sensitivity of this order, since it was easily obtained, 
was considered desirable even though it was a little 
better than the accuracy with which temperature rises 
could be held. That is, 0.002 deg. cent. represented 
about 0.001 watt per foot length of cable or not over one- 
fourth of one per cent of the loss in the cable. Control 
of loss was not quite so close,—say less than one per 
cent. It is believed that the cyclic variation of am- 
bient temperature led to no constant errors, though it 
undoubtedly increased the deviation of individual 
readings from the mean. 

Measurements of dielectric power loss on this cable 
were made with the dynamometer wattmeter measuring 
equipment under temperature conditions as nearly like 
those obtaining on comparison of heating as possible. 
This, together with the close agreement between 
various dynamometer wattmeter measurements made 
over a period of five weeks, is believed to eliminate the 
possibility of serious error due to change in dielectric 
power loss in the samples. The average of these 
measurements is recorded in Table III. 


As a numerical value for error in any one measure- 
ment of dielectric power loss by comparison of heating, 
assume equal weights for one per cent error in holding 
d-c. power input constant, one per cent error in holding 
square of impressed voltage constant, and 11% per cent 
error in power corresponding to one-half the cyclic 
variation of sheath temperature (0.08 deg. cent.). 


[ (0.01)? + (0.01)? + (0.015)*] 44 = 0.0206 


or two per cent expected error in final dielectric power 
loss measurement. In this cable sample this is about 
two-thirds of 0.0001 power factor. 
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STANDARDS IN DIELECTRIC POWER LOSS MEASUREMENTS 


TABLE III 
DIELECTRIC POWER LOSS IN CABLE BY COMPARISON OF HEATING, COMPARED WITH DYNAMOMETER 
WATTMETER MEASUREMENT 


Sheath temperature 


difference p, deg. cent. Voltage applied to: 
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Ohmic loss in 
conductor 

watts per cm. by Th. by R. T. D Cable Kv 
0.0155 0.096 0.117 B 75 
0.0144 — .008 0.021 A 75 
0.0182 —.041 — .002 A 82.5 
0.0182 0.068 0.104 B 82.5 
0.211 0.028 0.062 B 90 
0.211 — .003 0.028 A 90 
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Dielectric power loss. Watts per cm. 
By comparison of heating *Power factor 
By 
comparison 

Th R. T. D By dyn of heating By dyn 
0.0142 0.0142 0.0154 0.0031; 0.0034, 
0.0142 0.0143 0.0152 0.0031, 0.0033; 
0.0174 0.0177 0.0180 0.0031; 0.0032; 
0.0174 0.0171 0.0189 0.0031, 0.0033, 
0.0209 0.0207 0.0226 0.0031; 0.00345 
0.0209 0.0211 0.0215 0.00315 0.0032; 


*Charging current 0.0605. 0.0667 and 0.0732 milliamperes per cm. at 75, 82.5 and 90 kv. respectively. 


The error in a dynamometer wattmeter measure- 
ment, assuming correct phase-angle error compensation, 
is taken equal to 0.0002 power factor for samples of this 
size with the dynamometer wattmeter equipment used 
in this investigation. Thus, a difference between power 
factor calculated from dielectric power loss by com- 
parison of heating and power factor from dynamometer 
wattmeter power measurement, greater than 0.0003 
power factor, would call for explanation. 


EXPERIMENTAL RESULTS 


Five runs with direct current in the conductor of each 
cable were made in order to establish the values of 
constants needed for the calculation of results, as 
described in the complete paper. These were followed 
by six runs (a “run” referring to the maintenance of a 
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4— GRAPHICAL COMPARISON OF POWER FACTOR 
MEASUREMENTS 
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. Cable A 
° Cable B 
Solid line (— ) represents power factor determined from dielec- 
tric power loss measurement by comparison of heating. 
Broken line (------- ) represents power factor from dynamometer 
wattmeter measurement of dielectric power loss 


definite current in one cable and voltage on the other 
cable for the time, about 10 hr., required to reach 
approximate thermal equilibrium) the results of which 
are tabulated in Table III. In this table “th” refers to 
thermopile determinations. “R.T. D." to resistance 
temperature detector determination and “Dyn.” to 
measurement of dielectric power loss by dynamometer 
wattmeter with air capacitor for compensation. Note 
that one run was made on each cable at each voltage as 
a further precaution against error or change in the 
constants referred to. To aid rapid analysis power 
factor results from this table are plotted as Fig. 4. 

The two methods agree within nine per cent in any 
case, or within six per cent for average of all cases. 


This agreement is at about 0.003 power factor and 
represents a difference of 0.0002 power factor. 


APPLICATION OF RESULTS 


The comparison of heating measurements were made 
primarily as a precise check on the dynamometer watt- 
meter equipment for dielectric power loss measurement. 
To make the fullest possible use of this check and to 
avoid the necessity for frequent repetition of compari- 
son of heating measurements, it became desirable that 
certain possible sources of error in the use of the air 
capacitor for phase-angle compensation of the dyna- 
mometer wattmeter be examined critically and the error 
reduced to a negligible amount. This work is dis- 
cussed under two headings. (1) The effect of phase 
displacement between capacitor charging current and 
eurrent through the dynamometer wattmeter current 
coils is under “Review of Compensated Dynamometer ' 
Wattmeter Measurement of Dielectric Power Loss." 
(2) The fairly definite power loss in the air capacitor 
at high relative humidity is under “Effect of Humidity 
on an Air Capacitor.”’ 


REVIEW OF COMPENSATED DYNAMOMETER WATTMETER 
MEASUREMENT OF DIELECTRIC POWER LOSS 


It may be shown that the known or suspected con- 
stant errors in the dynamometer wattmeter equipment 
used in this investigation do not exceed 0.0001 power 
factor if there is no power loss in the air capacitor used 
for compensation. 


EFFECT OF HUMIDITY ON AN AIR CAPACITOR 


Observation of the performance of several high- 
voltage air capacitors used for dielectric power loss 
measurement shows occasional conflicting results on 
damp summer days. These cases of suspected error, 
although infrequent, make all dielectric power loss 
measurements in terms of an air capacitor subject to 
doubt until the conditions associated with them can be 
stated. An examination of the technical literature 
fails to show that such doubtful readings have been 
ascribed to actual power loss in very humid air but in 
each such case humidity probably varied to a greater 
extent than did other conditions. Hence, it seemed well 
to investigate the effect of humidity on an air capacitor 
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used for phase-angle compensation of the dynamometer 
wattmeter for dielectric power loss measurement. 

While the comparison of heating measurements were 
under way, such an air capacitor as has been described 
in detail elsewhere, was enclosed in a tight box equipped 
with means for controlling and measuring humidity. 
Humidity was increased by slowly introducing water 
vapor into a circulating air steam within the box or 
decreased by exposing calcium chloride in the box. 
Measurement was by wet- and dry-bulb thermometer 
in the air stream. In each case, time was allowed for 
the humidity of the air between the capacitor plates 
to assume a steady-state value. 

The capacitor was used at various relative humidities 
and temperatures to compensate the dynamometer 
wattmeter for measurement of the apparent dielectric 
power loss and power factor of the cables previously 
standardized by comparison of heating. The power 
factor of either of these cables as measured repeatedly 
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50 kv. 60 cycles applied 
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by dynamometer wattmeter with the air in the capaci- 
tor dry was assumed constant. See Table III and Fig. 
4. Thedifference between the assumed constant power 
factor and that measured when a given humidity and 
temperature existed in the air between the capacitor 
plates was taken as the "power factor" of the air capaci- 
tor at that humidity and temperature, indicating an 
actual power loss between the plates of the capacitor. 
Results of such measurements are shown plotted on 
Fig. 7. Considering the nature of the measurements 
involved, it is felt that these results are sufficiently 
consistent to warrent the conclusion that the capacitor 
is practically without loss below 50 per cent relative 
humidity and shows a very marked power loss above 
50 per cent relative humidity, larger at greater 
humidities. 

Incidentally, it may be recorded that at high relative 
humidities, say 70 per cent or 80 per cent, flashover of 
the capacitor may occur at very low values, as low as 
0.7 normal flashover voltage. 

No explanation is offered for the observed phenomena 
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beyond a guess concerning charge carried on dust 
particles. A mixture of permanent gas and unsaturated 
water vapor was expected to behave as a permanent 
gas in an electric field. It is believed that the only 
difference between such a mixture and the dielectric 
in the capacitor is the probable presence of dust in the 
capacitor. 


CONCLUSIONS 


It is believed that dielectric power loss along two 
10-ft. lengths of cable, as arranged for dielectric power 
loss measurement in the usual way, has been measured 
by a thermal method with the accuracy expected from 
the apparatus employed; 7. e., with a probable error not 
over two per cent. This measurement is at a power 
factor near 0.003. That the usual electrical measure- 
ment of dielectric power loss indicates slightly higher 
losses, the difference being of the order of magnitude 
of dynamometer wattmeter reading error, may be 
either accidental or associated with a small loss con- 
centrated at the end of the measured length, in the 
3/8-in. spacing between the measuring section and 
and the guard sections, indicated on the dynamometer 
wattmeter but missed by the thermal scheme. In 
either case it is considered that negligible loss in the 
air capacitor used with the dynamometer wattmeter 
is demonstrated, provided that care is taken to keep 
the relative humidity below 50 per cent in the capacitor. 
Present practise with this capacitor is the maintenance 
of relative humidity below 40 per cent. 

The thermal method used seems sufficiently simple, 
accurate and independent of usual dielectric power loss 
measurements that its occasional use as a check in any 
laboratory making careful measurements of dielectric 
power loss is warranted. 


RECENT INSTALLATION OF LARGE 


AIRWAY BEACONS 

In addition to the new 1,000,000,000 candlepower 
revolving beacon which is soon to be installed in 
Chicago, a gift of Elmer A. Sperry, President of the 
Sperry Gyroscope Company, Brooklyn, N. Y., several 
other beacons of unusual size have recently been in- 
stalled in various parts of the country. Within the 
past month a new airplane beacon was erected on the 
roof of the St. George Hotel in Brooklyn. This has a 
rating of 480,000,000 candlepower and is said to be the 
largest beacon ever built for private use. 

Two revolving beacons now being erected in Cali- 
fornia by the Standard Oil Company for the guidance 
of West Coast fliers are said to develop 10,000,000 
candlepower each. One will be placed on top of Mount 
Diablo, twenty-five miles southeast of San Francisco, 
at an altitude of nearly 4000 feet, and will be visible 
from points within a radius of 100 miles. The other 
is to be located among the Merced Hills in Los Angeles 
basin, just north of Montebello. These two installa- 
tions will be similar—Transactions I. E. S. 
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Some Aspects of Pacific Coast Interconnections 
BY P. M. DOWNING! 


Member, A. I. E. E. 


Synopsis.— T his paper tells in general of the reasons for, and 
the advantages of, interconnection between power supply systems. 
It enumerates five essential factors which must be considered in 
successful operation of interconnected systems; namely, (1) 
dependable communication; (2) centralized authority and control 


NTERCONNECTION, as that term is used when 
applied to the electrical industry, means nothing 
more or less than the pooling of the production and 

distribution facilities supplying power within a given 
area. It differs from transmission in that intercon- 
nection implies the transfer of energy from one system 
or area having a surplus to another system or area 
having a shortage, whereas transmission implies the 
transfer of energy from the point of production over a 
considerable distance to the point of usage. 

Electric service was once local in character but with 
the advent of higher voltages which made possible 
the transmission of power over greater distances 
communities which theretofore had been supplied from 
local generating plants found it to their advantage to 
interconnect with other adjoining systems as a most 
logical and common sense way of making a more bene- 
ficial use of existing facilities. 

Interconnection does not imply necessarily capital 
consolidation of the power supply systems involved. 
There are many instances where two or more indepen- 
dent systems are operating very successfully under 
contracts or working agreements that permit of 
economies not possible under separate operation. Very 
often, however, all of the advantages to be had from the 
interconnection are not obtained under contractual 
arrangements, due to the lack of sufficient flexibility 
in the contracts or working agreements in effect. To 
obtain maximum economic and beneficial results from 
interconnection, control and management should be 
unified. If power is to be distributed under the most 
favorable conditions, there must be, more than any- 
thing else, local territorial monoply. Nostate, however 
richly endowed with water power, coal, oil, or other 
fuel, can make maximum beneficial and economic use 
of its facilities without interconnection. 


At various times, we hear of “giant power’ and 
“superpower” systems. While, to the imagination of 
the lay mind, these fascinating phrases probably make 
a stronger appeal than does the more homely and 
commonplace expression ''interconnection," aside from 
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over operations; (3) location and isolation of trouble; (4) voltage 
regulation and control over the entire system; and (5) frequency 
control. A description is given of the interconnections along the 


entire Pacific Coast. 
x k k x 


the generall accepted idea that giant power im- 
plies State or Federal ownership, they mean sub- 
stantially the same as interconnection, and all tend 
to accomplish the same end. 

Some of the more enthusiastic proponents of giant 
power have gone so far as to suggest that there should 
be high-voltage lines of large capacity connecting 
different power-producing and power-consuming areas 
within the radius of practical electrical transmission. 
This, in effect would produce a single pool of power into 


which all generating stations would deliver power, and 


out of which, all distributing systems, irrespective of 
ownership, would take delivery of such amount as they 
might need. From an idealistic standpoint, such an 
arrangement would probably be well nigh perfect; 
but from a practical and economic standpoint, the 
investment in transmission facilities would probably 
be so great that the purpose sought to be accomplished 
would be defeated. 

Some of the more important advantages to be gained 
by the interconnection of two or more different power- 
supply systems are as follows: 

1. Greater reliability of service and increased econ- 
omies. In case of a shortage of power due to accidents 
to equipments, other similar equipment on the intercon- 
nected system can supply the shortage until repairs 
are made or other units put into service. Under normal 
conditions, the more efficient units can be operated, the 
less efficient being held in reserve and operated only in 
emergencies. 

2. Increased diversity, thus reducing the power 
requirements of the combined systems, and by improv- 
ing the load factor, reducing the capital investment in 
plant facilities. 

3. Common use of reserve or spare capacity, 
further reducing the capital investment in plant. 

4, In cases where the network is supplied with 
power from both steam and hydro sources, the hydro 
stations can be operated continuously at full load when 
water is available, creating a maximum beneficial 
use of water power with a minimum use of steam. 

5. General availability of power over large areas, 
making it possible for factories to locate where raw 
material, labor, market conditons, etc., are most 
favorable. This is particularly important, as it permits 
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manufacturing plants to locate in smaller towns and 
agricultural areas, and to use labor normally employed 
during certain seasons only. In this way, intercon- 
nection becomes an active force in the decentralization 
of population. 

Although there are many arguments in favor of 
interconnection as a most logical means of effecting 
economies, the extent to which power systems can be 
advantageously interconnected has certain limitations 
beyond which there is no advantage in going. 

Unfortunately, the wide-spead discussion of this 
subject which has taken place of recent years has 
given the public the impression that it would be practi- 
cable to interconnect all of the power systems in the 
country irrespective of the distances at which they 
might be separated, and by parallel operation and 
exchange of power, effect economies to a point where the 
cost of power to individual consumers might be reduced. 
Nothing could be further from the fact. In the light 
of our present knowledge of the art, the advantages 
of interconnection are regional in character and limited 
to a radius of 300 to 400 mi. 

In California, where perhaps more has been done 
in the way of unifying the ownership and operation of 
electric utilities than has been accomplished elsewhere, 
topography was an important factor in bringing the 
systems together. In the eastern part of the state, 
running north and south for hundreds of miles, are the 
Sierra Nevada Mountains, having hydro resources 
amounting to approximately 9,000,000 hp. In the 
extreme western part of the state lie the cities with 
markets for large blocks of electric power. Between 
the two are the wonderfully fertile agricultural valleys 
which of necessity had to be crossed by the trans- 
mission lines carrying power from the hydro plants in 
the mountains to the cities on the coast. The result 
of such a situation was the construction of a number of 
transmission lines converging toward the cities as a 
common point of delivery. Later, by a natural process 
of consolidation, various systems were united into 
larger units which were in turn interconnected, forming 
a network of lines which permitted of a ready exchange 
of power between areas supplied from a system under 
a single ownership and management or among several 
systems under separate ownerships and managements. 

The power houses and transmission lines in Cali- 
fornia can all be interconnected to form a single network 
covering the entire state. Ordinarily there are three 
major connected groups. The first includes the 
California-Oregon Power Company, Pacific Gas and 
Electric Company, Snow Mountain Water and Power 
Company, City and County of San Francisco, Utica 
Mining Company, Coast Counties Gas and Electric 
Company, and the Truckee River Power Company. 

The second, the Great Western Power Company of 
California, San Joaquin Light and Power Corporation, 
Merced Irrigation Distriet, and the Feather River 
Power Company. 
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The third, the Southern California Edison Company, 
Southern Sierras Power Company, City of Pasadena, 
Bureau of Power and Light, City of Los Angeles, and 
the San Diego Consolidated Gas and Electric Company. 

Along the routes of these transmission lines, running 
from the hydro plants on the western slopes of the 
mountains to the larger cities along or near the coast, 
there were many smaller cities, towns, and agricultural 
communities. Some of these were supplied with power 
from small isolated plants, while others were entirely 
without electric service. These small plants were in- 
efficient and the opportunity to shut them down and 
obtain hydro power from transmission sources at less 
than it was costing to produce it locally was welcomed 
by all. At the same time the load thus obtained 
afforded a ready and quick revenue to the transmission 
systems. As a result of these mutual advantages, 
practically all of the isolated plants were abandoned 
very shortly after power was available from trans- 
mission sources. Eventually most of these small plants, 
together with the distributing systems, were taken over 


- by the larger companies and became a part of a larger 


and more extensive network. 

The agricultura! areas were greatly benefited by 
the extension of these transmission lines. California 
is essentially an agricultural state, having a wet season 
and a dry one. Some indication of the extent to which 
electrie power is being used for agricultural purposes 
may be obtained from the fact that the more than 
35,000 irrigation pumping installations in this state 
represents a greater number than is to be found in all 
of the other states combined. When it is considered 
that the agricultural business is the least remunerative 
of any that is served by the supplying companies, it 
will be apparent at once that the rural communities 
have benefited greatly by the fortunate fact that nature 
has placed them between the source of power supply 
in the eastern part of the state and the principal market 
in the western part. 

While California is generally recognized as having 
pioneered the long distance transmission of power, 
pointing out the advantages of maintaining intercon- 
nections between systems supplying adjacent territory, 
the field of interconnection has not been limited to this 
state. It has been extended until it now includes 
Oregon, Washington, Nevada, Idaho and British 
Columbia. Physical connections between systems 
operating in these various states are maintained and 
if found desirable, they could all be connected into a 
common network. As a:practical measure however, 
this has never been attempted. The most extensive 
interconnection continuously in operation is that be- 
tween the California-Oregon Power Company, supply- 
ing the central and southern parts of Oregon and the 
northern part of California, the Pacific Gas and Electric 
Company, supplying the northern and central parts of 
California, and the Truckee River Power Company, 
supplying the western part of Nevada. Involved in 


May 1928 


this interconnection are 4760 mi. of high-voltage lines, 
546,000 kw. of hydro generating capacity and 183,000 
kw. of steam generating capacity. 

Although the diversity of load found on most large 
interconnected systems tends to improve materially 
the load factor of the system, from a strictly economic 
standpoint, if best operating results are to be obtained 
it is still desirable to maintain a ratio between hydro 
and steam capacities that will call for base load being 
carried on hydro and peak and emergency loads on 
steam. The ideal relationship between these two 
sources of power supply will depend upon a number of 
elements, among which the chief are load factor, 
relative capital costs of steam and hydro installations, 
cost of fuel, ete. With a load that is continually grow- 
ing, and the economic advantages that come from the 
construction of larger generating plants as compared 
with those of smaller capacity, the ideal allocation of 
load between. hydro and steam to obtain maximum 
economy of operation is seldom, if ever, obtained. 

From the standpoint of continuity of service, steam 
plants play a less important part today than they did a 
few years ago. Several factors have contributed to- 
ward bringing about this change. In the first place, 
as the number of hydro plants feeding into an inter- 
connected network is increased, temporary cessations 
of operation of one or more generating stations whose 
output represents a comparatively small percentage of 
the total have but little effect on the general service 
of the system as a whole. A similar situation obtains 
in the case of transmission lines. So far as transmission 
is concerned, however, a much more important factor 
in improving service lies in the better quality and design 
of insulators that are now available and the better and 
more substantial physical construction used. 

Some indication of the dependability of service from 
hydro sources may be had from the operating records 
of Pacific Gas and Electric Company for the year 1927. 
Climatic conditions in California during the past year 
were such as to afford an abundant water supply at all 
hydro plants. The steam plants located in the more 
important cities were floated on the line as a protection 
against interruptions to service that might occur in 
case of transmission line trouble. By operating in this 
manner, the load carried on steam was reduced to a 
minimum. With a peak load of 439,568 kw. and an 
energy output of 2,380,000,000 kw-hr., less than 0.9 per 
cent of it was produced by steam. 

Some of the more essential features that must be 
given consideration in connection with the operation of 
interconnected systems are: 

1. Dependable communication 

2. Centralized authority and control over operations 

3. Location and isolation of trouble 

4. Voltage regulation and control over the entire 
network 

5. Frequency control 

One of the most important adjuncts to the success- 
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ful operation of any large interconnected network 
of transmission lines is dependable communication. 
Under normal operating conditions where the distances 
are not too great, satisfactory communication can 
very readily be provided by carrying the communication 
circuits on the same supporting structures that carry 
the power circuits. Unfortunately, however, when 
trouble occurs on the power circuits, with this type of 
construction, the inductive disturbances to the com- 
munication circuits are generally sufficient to make 
them inoperative when they are needed most. 

Much more dependable communication can be had 
over circuits independent of, and located a sufficient 
distance from, the power line to be out of range of in- 
ductive interferences. Most of the larger power 
systems in the West have communication systems of 
their own independent of the power systems, or lease 
from the telephone companies, circuits for their own 
exclusive use. 

Recent developments in carrier-current radio equip- 
ment give promise of providing a cheaper and more 
dependable means of communication between different 
stations on a transmission network than any other now 
available. First, the carrier current is superimposed 
on the power lines at a frequency below that used by 
regular broadcasting stations, thus avoiding any inter- 
ference of one with the other. Second, it ean be in- 
stalled on any voltage power line and is not materially 
influenced by switching, short circuits, or other transient 
disturbances on the power circuit. Third, in the case 
of long lines, the first cost of theinstallationis less than 
that of a metallic circuit. Fourth, it has all of the 
flexibility of a metallic system. 

The most recent installation of this kind is that on the 
Pacifie Gas and Electric Company's 220- and 110-kv. 
lines running between the hydro plants on Pit River and 
the load dispatcher's office in Oakland, a distance of 
approximately 240 mi. The service has been more 
dependable than that over an independent metallic 
circuit running between the two places. 

The success attending the operation of large inter- 
connected networks is due in a very large measure to the 
fact that authority and control over the details of opera- 
tion are centralized in the load dispatcher. In emer- 


‘gencies, his authority is supreme. So important is this 


position that service from an interconnected network 
may be good or bad, depending upon whether the dis- 
patching is handled well or otherwise. Allocation of 
load among the various generating substations and 
over the different lines in a way that will make a 
maximum beneficial use of the more efficient plants or 
equipment, conserve water or fuel, and at the same time 
prepare to meet any operating emergency that might 
arise, are some of the more important responsibilities 
of this position. 

Localizing and isolating troubles that might be 
sufficiently serious to interrupt or impair service over a 
considerable area is another big problem that comes 
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up in connection with the successful operation of an 
interconnected network. At one time this was more 
or less a matter of guess work. Practically all switches 
were manually operated. Present day equipment has 
materially simplified this situation. Automatic over- 
load, low-voltage, reverse current, time limit, reclosing, 
and other similar relays have almost entirely superseded 
manual operation in modern up-to-date installations. 

As an interconnected network grows, and the amount 
of power delivered into it increases, the necessity for 
having dependable switches becomes of increasing 
importance. The construction of high-voltage switches 
has been materially improved during recent years, but 
there has been practically no change in the general 
design. Failure to keep pace with the development of 
other facilities used in connection with the production 
and transmission of high voltages has made them the 
weakest link in a power system. 


The first attempt to build switches for operation at 
voltages as high as 60,000 was made in 1899 by the 
engineers of the Bay Counties Power Company, now a 
part of the Pacific Gas & Electric Company’s system. 
The consolidation and interconnection of a number 
of smaller systems soon made it apparent that switching 
could no longer be done on the low voltage side of the 
transformers. The manufacturers had not yet devel- 
oped switches for this voltage. To meet a situation 
precedent to satisfactory service from an interconnected 
network, it was necessary for the company to design 
and build its own high-voltage switches. The first 
attempts were necessarily crude. 


Improvements in the design and manufacture of 
bushings have eliminated to a very considerable extent 
the inflammable material used in the original design, and 
present day switches are much more rugged and de- 
pendable than those of 25 years ago. Although these 
improvements have added to the mechanical and elec: 
trical efficiency of the equipment, they have also in- 
creased first cost to a point which, with the usual 
number of air switches for by-passing and cutting out 
the high-voltage oil switch equipment, in a modern 
generating plant represents an investment equal to 
50 per cent of that in transformers. 


No other piece of electrical equipment offers greater 
opportunity for improvement than high-voltage 
switches. The very satisfactory operation of the two 
220,000-volt lines in California has proved beyond 
question the practicability of going to even higher 
voltages just so soon as the economics of the situation 
warrant. What the future may bring forth in the way 
of improvement in high-voltage switches remains to be 
seen. So far the vacuum-type switch has given more 
promise of relief than any other that has been proposed. 

If electric utilities fulfil their obligations to serve 
the publie, they must be able and willing to supply 
at proper rates any kind or character of load that may 
be offered them. Much of the load on a general power 
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supply system will be of low power factor, and unless 
a consumer is penalized because of the low power factor 
of his load, or is offered inducement in some form by 
reduced rates or otherwise, to warrant his providing the 
necessary facilities for improving it, there will be a 
considerable amount of wattless current on the system 
that will have to be taken care of somewhere. 


This may be carried on one or more generating sta- 
tions to suit operating conveniences; or a much better 
plan, and one that becomes absolutely necessary as the 
length and voltage of the transmission lines increase, is 
to install synchronous condensers at or near the distribu- 
tion centers of the system. The number and capacity 
of such installations will depend on the voltage of the 
system, the load characteristics, the permissible varia- 
tion in voltage, etc.; but whatever capacity may be 
necessary to give proper service under normal operating 
conditions, if satisfactory service is to be given under 
abnormal conditions, it is very desirable to have a 
reasonable margin of spare capacity to maintain 
adequate service in emergencies. 


Condenser installations may be fully justified not 
only as a most satisfactory means of improving voltage 
regulation but also for their tremendous economic 
value, since by improving the power factor, the amount 
of power that can be carried over agiven line is 
materially increased. 


Speed control on an interconnected system is a com- 
paratively simple matter. Irrespective of the number, 
size, or location, of generating stations, one station does 
the governing. Ordinarily, the station near the load 
center, where a sufficient governing margin can be 
maintained at minimum cost, is selected. Where a 
hydro plant does the governing, it is desirable that one 
having sufficient forebay capacity to supply the varying 
drafts necessary to meet load fluctuations be selected. 
Where the network is supplied from both hydro and 
steam sources, especially where the latter is operated 
as a standby or reserve source of power supply, there 
is but little, if any, economy in governing with steam. 
Maximum economy will be obtained by loading all 
hydro plants except the one doing the governing, thus 
reducing the steam load to a minimum and keeping 
only enough boilers hot to pick up the predetermined 
amount of load that is to be thus protected against 
interruptions in ease of trouble. 


On a reasonably large interconnected network of lines, 
carrying a highly diversified load, the instantaneous 
variations in load, or what is ordinarily called the 
governing margin, is comparatively small. In fact, it 
is not at all unusual during short-water periods to reduce 
this to practically zero and follow the gradual variations 
in load by hand control. On the system of Pacific Gas 
and Electric Company, with a peak of almost 440,000 
kw-hr. supplied to an area larger than any other inter- 
connected network in the West, the normal governing 
margin is between 1000 and 2000 kw. 


Transatlantic Telephony— The Technical 
Problem 


BY O. B. BLACKWELL! 
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T is the author's wish to present a picture, necessarily 
very briefly sketched, of the physical makeup of 
the transoceanic telephone circuit, why it has been 

given its present form, and what further improvements 
are expected as a result of development work now under 
way. 

The problem, in brief, is suggested as follows: A 
telephone system of some 18,000,000 stations in 
America, and distances of upwards of 3000 mi.; a tele- 
phone system of about 1,500,000 telephones in England 
and the possibilities already partly realized of wire 
extensions to the other European nations; 3000 mi. of 
ocean between these two systems. 

The establishment of a connection across the ocean 
presented two problems. First, the problem of setting 
up the radio circuit between the United States and 
England; and second, the problem of making this radio 


circuit function as a link between these two widely 
extended telephone systems. 


Fig. 1 shows the geographical layout of the long-wave 
transoceanic circuit. The course pursued by the 
currents in a connection is as follows: 

Voice currents originating at any substation in 
America are transmitted to New York City over the 
wire circuits in the usual way; thence, by wire to the 
sending station at Rocky Point, Long Island, where they 
are radiated into space. These waves are picked up at 
Cupar, Scotland, and transmitted by wires to London, 
from which point they go by the usual wire connections 
to the subscriber in England or on the continent. | 

The answering voice waves are transmitted from the 
European subscriber to London by wire and thence by 
wire to Rugby, England, at which point they are 
radiated into space. The waves are picked up at 
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Houlton in the northern part of Maine and trans- 
mitted by wires to New York City, and thence by wires 
to the American subscriber. 

It may be noted that the east- and westbound radio 
systems are entirely separate from one another. Also 
that the receiving points in both countries are carried 
as far north as convenient to Houlton, Maine, in this 
country, and in the British Isles, to Cupar, Scotland. 

The radio and wire plant in Great Britain is owned 
and operated by the Post Office Department of the 
British Government. 

As a supplement to the long waves, there is a short- 
wave circuit being formed which, so far, is only partially 
in use. During the severe static season of the summer 
of 1927, the short-wave circuit from the United States 
to London was employed as an emergency routing, ex- 
tending from Deal Beach, N. J., to New Southgate, 
London. 

In January, the British Post Office started sending on 
a return short-wave circuit from Rugby, England. 
This is now being received at Cliffwood, N. J., but is 
not yet ready for service. 

Fig. 2B (necessarily on a logarithmic scale), approxi- 
mates the frequency ranges covered by radio as 
it is now known. At the lower end are the long waves 
used in long distance telegraphy, extending down to 
nearly 10,000 cycles. At the upper end are the short 
waves, already more or less exploited, extending to 
about 10 meters; that is, 30,000,000 cycles. 

It is interesting to note that one frequency range 
around 60,000, lying near the lower end of the scale, 
and another frequency range extending from about 
10,000,000 to 20,000,000, near the upper end of the 
present scale, appear to be the most suitable for trans- 
oceanic transmission. 

Fig. 2A has no bearing on the present subject. It is 
rather interesting, however, as it shows the whole 
gamut of frequencies with which we are familiar. 
Near its lower end this plot has a frequency of one cycle 
per 2000 years, which is supposed to characterize a 
particular comet. From this it proceeds through the 
frequencies corresponding to solar periodicities, through 
the frequencies used in commercial power systems, 
through the voice frequencies, the wire carrier, the radio 
frequencies, the longer heat waves, the visual light rays, 
ultra-violet rays, X-rays and to the very hard rays, 
sometimes called cosmic rays, with which Dr. Millikin’s 
name is associated because of the investigations which 
he has carried out regarding them. This whole matter 
of frequency range and the relation of each part to 
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human needs is of the greatest significance and interest. 
In considering how these long and short radio waves 
are handled in forming the transoceanic circuit, we shall 
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look first at the transmitting stations and antennas; 
next, at what happens to these waves in space; and then, 
at the receiving antennas and stations. 
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Assuming that the power is put into proper fre- 
quency form and radiated into space, the next ques- 
tion is, how does it fare in traversing the great distances 
before it reaches the receiving points. It can hardly be 
stated as a technical problem, since there is nothing the 
engineer can do to control it. He can find out, how- 
ever, what nature does to such waves and try to 
arrange his transmitting, and particularly his receiving 
systems to meet the characteristics of the waves. 

There appears to be nothing to show this space trans- 
mission unless possibly a picture of the world rotating 
in space such as we have seen adorning popular articles 
onradio. It might be suggested, however, by contrast 
with wire transmission. 
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Fig. 3A shows a cross-section of a pair of copper 
wires spaced a foot apart on a pole line, which is the 
standard telephone wire arrangement. On such a 
circuit, 90 per cent of the energy is transmitted inside 
of the outer dotted circle. Fig. 3B shows two views, 
(one a cross-section) of a typical telephone toll cable of 
a diameter somewhat under three inches. Practically 
all the energy for about 300 telephone circuits is 
transmitted inside this sheath. 

While both the radio and the wire transmission 
involve similar electromagnetic waves, there could 
hardly be a greater contrast in the method of handling 
waves than that between the radio transmission con- 
sidered in this paper and transmission employing such 
wire methods and spanning the comparable distance of, 
say from San Francisco to New York. 
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Recently, while visiting the short-wave receiving 
station in New Jersey, the author was shown oscillo- 
graphs taken on radio telegraph transmission, in which 
each telegraph dot was followed about a tenth of a sec- 
ond later by what appeared to be an echo. The first 
transmission came some 3000 mi. from England, the 
second had gone in an opposite direction around the 
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world and had traveled some 22,000 mi. before 
reaching the same receiving point. In such long 
distance radio, then, there may be a situation in which 
each individual signal sets up oscillations,— perhaps 
measureable in space surrounding practically the whole 
earth. 

Contrast this to the toll cable shown, which, as 
already noted, contains about 300 circuits. Such 
cable is used commercially for distances up to approxi- 
mately 1500 mi. and is permissible for 3000-mi. 
distances, such as we are here considering. In this 
cable, each message is practically confined to a strip of 
space extending between the terminals of the cable and 
smaller around than a lead pencil. In the radio case, 
one has literally all outdoors, but there is little one can 
do to control it. In the cable case the channel is 
reduced to the most meager dimensions, but this space 
can pretty nearly be called our own, surrounded and 
shielded as it is by a sheath, and containing carefully 
balanced circuits. Such space is only occasionally 
penetrated by outside disturbances when some power 
friends set up unusually strong electrical fields in the 
immediate neighborhood. By loading, amplifiers, 
and equalization of various sorts, this meager space is 
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guarded and controlled and rendered efficient and 
constant. 

We are still somewhat in the dark as to how kind 
nature has been to us regarding short waves and what 
degree of reliability we can ultimately get from a cir- 
cuit employing them. There is nothing yet in the 
picture, however, to suggest a reliability for either long 
or short waves approaching that of a cable circuit for 
similar distances. 

A large amount of measurements has been made of the 
strength of the radio fields laid down in England from 
the long- and short-wave stations in America and simi- 
larly in America from the English stations. Along with 
such data is taken the amount of noise interference 
present at the receiving points. Fig. 4 shows data 
taken in this way. The curve which reaches the 
highest point shows for a typical summer’s day the 
field strengths received on the long wave from America. 
The other curve shows the field strengths received on 
short waves employing three wavelengths—16, 22 and 
33 meters—and taking for each time of day, the one of 
these which was best suited to the conditions. 

On this typical day, all the wavelengths were operat- 
ing well. It will be noted, however, that there are 
times when the long wave is low and some one of the 
three short waves is more effective, and other times 
when none of the three short waves are high but the 
long wave is effective. Furthermore, all of these 
waves vary a great deal, so that on certain days for 
hours shown operative on these curves, one or more 
might be entirely out of service. This chart indicates 
the tremendous advantage in employing a number of 
separate wavelengths varying widely in characteristics, 
and choosing at any one time that wavelength which is 
giving the best performance. 


Having followed the radio transmission as the waves 
radiate into space and traverse space to the receiving 
end, we come to the matter of receiving stations. 


So much for the question of the radio circuits them- 


selves. The problem remains of making them serve as 
a link between the two-wire systems on the two sides 
of the Atlantic. If this were merely one of 
transmission from one particular subscriber’s set to 
another, the very simple arrangement shown in Fig. 5 
would be feasible. In this, it may be noted that the 
eastbound and westbound transmission, each starting 
with a telephone transmitter at one end and extending 
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to a telephone receiver at the other, are kept entirely 
separate. Evidently, two people could carry on a 
converservation over this circuit without further com- 
plications; in fact, this was the manner in which the 
first two-way tests were carried out. 

. ‘Since eastbound and westbound short-wave chan- 
nels are at entirely different frequencies, there would be 
no interaction between the east- and west-going circuits 
when used in this way. For the long waves, however, 
since the east- and westbound circuits are at the same 
frequencies, each transmitting station would send 
considerable energy into the receiving station on the 
same side of the ocean, thus giving to each subscriber a 


heavy side tone of his own speech. This effect, how- 
_ever, could be reduced considerably by separating the 
transmitting and receiving stations and arranging the 
directive antennas of each receiving station so it would 
receive as little as possible of the corresponding trans- 
mitting station. Even with the long waves, a con- 
versation could be held in this simple way. 

When the east- and westbound radio circuits are 
brought together for a connection to a wire circuit at 
each end, as shown in Fig. 6, some very serious difficul- 
ties are introduced. Consider, first, the simpler case of 
the short waves where the eastbound and westbound 
transmission are at different frequencies. 

The voice waves reaching London from an American 
talker will be reflected in part either at the London office 
where the east- and westbound channels are brought 
together or at some point before reaching the European 
subscriber. Unless means are taken to prevent 
it, this reflected energy can pass to the English 
transmitting station and be transmitted back to 
America. At the American end, a similar partial 
reflection can take place throwing part of the energy 
back again to England. In this way, according to 
circuit conditions, it is possible for the whole circuit 
either to build up and act as a widely flung oscillator, 
or, if the damping at the moment makes this impossible, 
electrical echoes and distortion can greatly interfere 
with the speaker or the listener. 


In the case of long waves, as already noted thereis the 
added difficulty that each transmitting station can 
throw a good deal of power into the receiving station 
on its own side of the ocean, thus bringing in the pos- 
sibility of local oscillations and distortions. 

For either the long or short waves, therefore, it is 
very advantageous,—in fact practically necessary,— 
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to employ switching devices actuated by the voice 
waves themselves to prevent the effects just stated. 
In this diagram, there is drawn so as to involve the 
wire connections both to the transmitting and the 
receiving station at each end, a rectangle, labeled 
"Voice Actuated Apparatus." This is so arranged 
that when there is no transmission on the circuit, the 
wires connecting each transmitting station are short- 
circuited, making both transmitting stations inactive. 
Speech coming in, then, at one of the ends from a tele- 
phone subscriber operates a relay which opens the wire 
circuit to the transmiting station at his end, and at the 
same time, short-circuits the receiving path at the same 
end. 

One interesting phase of this voice-operated switching 
mechanism is the employing of a delay circuit. At the 
New York terminal of the circuit, when the voice 
currents reach it from some distant subscriber, and 
after these voice currents have actuated the switching 
mechanism noted above, they pass into an artificial 
line, down which they travel, are reflected, and travel 
back to the sending end of the artificial line. In this 
way, the voice waves are allowed to idle away two one- 
hundredths of a second during which time the switching 
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mechanisms have performed the operations just noted 
and have thus put the circuit into shape for the voice 
waves to go forward. 

In view of the character of radioand its variable nature 
in particular, during operation the circuit is under the 
constant supervision of two technical operators, one 
located in New York and one in London. Fig. 7 shows 
the special terminal equipment, meters, etc., and the 
technical operator at the New York end. 

It is evidently desirable that the transmitting station 
shall always put out maximum power, whether the 
speaker has a loud voice or a weak voce or is near or 
distant from the transmitting station. One of the 
duties of the technical operator is to bring this about. 
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By proper indicating meters, he knows the power level 
of the speech going to his transmitting station, and he 
keeps this at the point where it will just completely load 
the transmitting station. 

With this brief discussion, then, let it be assumed that 
conditions have progressed to the point where the two 
great telephone systems are joined together by the 
radio links. 

To complete the story, the author wishes to say a 
few words more as to the changes and improvements 
which development work now under way is expected 
to give. 

As the system stands today, it does not offer the same 
privacy as ordinary wire connections. While ordinary 
broadcasting sets are not of the proper type to receive 
messages from this system, with sets designed for the 
purpose it is comparatively easy to pick up one side 
of the conversation over the system by listening to the 
transmitting station in the same country as the listener. 
Because of the voice-actuated devices, the other side 


ke peg 2s 
WP Se 


b) 
> 
P 
e 


te. 7 
F` pond ON rae 
: " e M ` 
¢ iste Pat 6 
LIP EAE d 
] D 


ya 


~~ 
e duo 


Fic. 8 


of the conversation has to be picked up directly from 
the distant country, which is a much more difficult thing 
to do. | 

To give this system a high degree of privacy is 
difficult; particularly with the long waves. As already 
stated, the frequency range in which the long waves are 
Situated is narrow and well-filled, so that any proposi- 
tion that widens the required frequency range,— such, 
for example, as shifting the carrier frequency rapidly— 
cannot be employed. However, methods have been 
developed and equipment is now far advanced on a 
system that is expected to give conversations over this 
radio channel a sufficient degree of privacy. Certain 
features of this new privacy method will be probably in 
experimental use within a few months. But it will be 
at least six months, and possibly a year, before the 
complete privacy system is in full operation. 

The feature of this whole transatlantic service which 
worries the engineer most, however, is the matter of 
reliability. After the engineer has done the best 
possible in transmitting and receiving stations, he is 
confronted by the fact that transmission through 
Space and noise conditions varies so much that 
thousands of times as much transmitting power as would 
be sufficient under good conditions may under poor 
conditions be inadequate to get it through. His only 
defense is to use a considerable number of wavelengths 
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which tend not to get into difficulties at the same times 
or under the same conditions. 

Considering first the short waves, we find, as already 
noted, that there is sufficient difference between the 
transmission characteristies of different parts of the 
range from, say 10 meters to 30 meters, to improve 
the reliability considerably by designing the stations 
to use any one of three or more frequencies in this range. 

We shall be very happy if, by such use of a number of 
short wavelengths and further improvements in tech- 
nique, the reliability of short wave channels can be made 
such as to some day eliminate altogether the necessity 
of the long wave channel with its much more extensive 
plants. There are a number of projects going ahead in 
the world for the establishment of long distance trans- 
oceanic telephone circuits employing short waves alone. 
With a reasonable further development of theshort wave 
art, undoubtedly such service will prove well worth 
giving. 

Telephone service, however, is necessarily an exacting 
service, particularly since the subscribers participate 
directly in each connection. Moreover we are dealing 
here with the joining of North America and Europe, 
which, commercially and otherwise, is of such great 
importance that it justifies, perhaps, much more exact- 
ing technical requirements than any other transoceanic 


. connection. 


So far, data available regarding short waves do not 
suggest that they ever will give a reliability of service 
comparable to that for similar distances overland wire 
circuits. It is our present expectation, therefore, that 
the giving of suitable service between America and 
Europe will require the continuation of the long waves, 
even though such waves demand a much more ex- 
tensive and complicated plant than do the short waves. 
In addition to the long waves, we shall also want the 
very best we can get from the short waves. By the 
combination of this one long and several short waves, 
we believe that ultimately the service, except for the 
three summer months of high static, will be but little 
interfered with by electrical weather, and that even 
for these months the service will be operative for better 
than 90 per cent of the time. 

It will be understood, of course, that the connection 
today from London will be entirely by long waves, the 
short waves not being ready for commercial operation. 
The connection from America to England will be also 
in all probability by long waves, although the short 
waves are being held in readiness as an emergency 
routing. | 


The second list of projects, under the publie buildings 
program, was recently sent to the House by the Presi- 
dent. "These projects provide for purchase of sites and 
construction in 93 cities throughout the United States, 
exclusive of Washington. They involve an expendi- 
ture in excess of $68,000,000 and an immediate expendi- 
ture in excess of $15,000,000. 
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ILLUMINATION ITEMS 


By Committee on Production and Application of Light 


A NEW INCANDESCENT LAMP WITH A NEW SIZE 
BASE* 


Until recently, the application of incandescent lamps 
to certain decorative and display uses has been ham- 
pered because lamps fitted with the standard Edison 
screw base were too bulky and lamps for use on regular 
lighting circuit voltages could not be made easily with 
- the small candelabra screw base. One base was too 
large to permit the desired delicacy of design in equip- 
ment in which the lamps were to be used; the other 
was too small from a standpoint of lamp performance 
and manufacturing difficulty. 

A Mazda lamp, shown full size in Fig. 1, has now been 


placed on the market and gives promise of extensive 
use in several new fields. The lamp is made in three 
voltages—110, 115, 120. It consumes 10 watts and is 
regularly supplied in the S-11 bulb in red, yellow, 
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green, blue, and amber-orange coated colors, flame 
tint, white, and clear. The base used on this lamp is 
illustrated in Fig. 2 which is also full size. It has been 
designated as the Intermediate screw base, No. 01301. 
The essential dimensions are indicated on the figure. 

This new lamp will find important use in sign and 


*Submitted by Committee on Production and Application 
of Light. 
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display work where its size will permit a narrow letter 
stroke and a presentation of detail in design beyond 
reach with the lamps fitted with the larger base. Also 
it will be used extensively in lighted ornaments where 
its size will permit pleasing and unusual effects to be 
obtained. Already these ornaments have become very 
popular abroad and will undoubtedly prove to beequally 
popular here. 

A lamp of similar appearance with the same base 
has been made available for use on multiple-burning 
Christmas tree strings. The rapidly growing use of 
such strings in outdoor decorative lighting makes it 
particularly advantageous to use lamps in multiple 
rather than in series to facilitate replacement and to 
eliminate the extinction of several lamps through the 
failure of one. 


CAN WE HAVE TOO MUCH LIGHT? 

Although throughout the ages eyes have developed 
under thousands of foot-candles of daylight, we often 
encounter prejudice against comparatively feeble *'*high- 
intensity" artificial lighting on the ground of eye 
fatigue or actual damage to the eyes from supposedly 
excessive light. "The idea that eye fatigue could result 
from working under intensities of illumination of the 


. order of 50 to 100 foot-candles certainly did not emanate 


from scientific sources. Nor did this ungrounded con- 
tention arise from observation, for it has not been 
raised in connection with daylight, which, at the low 
value of 500 foot-candles, is generally considered 
“gloomy.” On the contrary, there is evidence in every- 
day work indicating that an abundance of light makes 
work easier and hence less tiresome. 

* In order to study this, we devised a method to detect 
small changes in the balance of the eye muscles. This 
was applied to measure the effect of 30-min. periods of 
exacting visual work done under two intensities of 
illumination. One intensity of ilumination was 5 
foot-candles and was sufficient for the accomplishment 
of the visual work. The other was 100 foot-candles. 
Measurements were made upon the eye-muscles before 
and after each 30-min. work period. 

Although the exhausting task was purposely chosen 
so that it could be performed under the lower intensity, 
the tests indicated that under twenty times this in- 
tensity of illumination, there was no greater eye- 
fatigue than under the lower intensity. In fact, the 
results showed slightly less eye fatigue in the case of 
the higher intensity of illumination. 

Certainly, from the viewpoint of eye fatigue, we can 
safely recommend intensities of illumination at least 
as high as 100 foot-candles; and we see no reason why 
1000 foot-candles should be fatiguing if other important 
factors of lighting and vision are properly handled. 

Reference: ‘‘Eye Fatigue and Its Relation to Light and 


Work," by Dr. P. W. Cobb and Mr. F. K. Moss, Journal of the 
Franklin Institute, Vol. 200, 1925. p. 239. 


INSTITUTE AND RELATED ACTIVITIES 


The Summer Convention at Denver 
Offers Good Papers and Delightful Trips and Entertainment 


A program of excellent technical papers and most enjoyable 
recreational features has been scheduled for the 1928 Summer 
Convention which will be held in Denver, June 25-29, with 
headquarters at the Cosmopolitan Hotel. 


TECHNICAL SESSION 


Subjects alive in the minds of engineers will be treated in the 
technical papers. They will include such topics as surge-voltage 
investigations on transmission lines, control and protection 
of feeders for electrified railways, operation of electrical machines 
at high altitudes, a-c. elevator motors, electric welding of pipe 
lines, telephony, transmission experiences, extinction of a-c. ares, 
high-frequency supervisory control and geophysieal prospeeting. 

The year's advances in all lines of eleetrieal engineering will 
be described in the annual reports of the Institute's Technical 
Committees. 


SECTION AND BRANCH CONFERENCES 


The annual conference of delegates from Sections will be held 
on the first day of the meeting, and there will also be & con- 
ferenee of Braneh Counselors and Delegates. 


TRIPS AND ENTERTAINMENT 


Chief among the entertainment features will be an all-day 
trip through Denver’s Mountain Parks. Private ears will take 
members through the pioneer town of Golden at the foot of 
Lookout Mountain. The climb up the mountain will be over 
the famous “Engineers Lariat Trail," to an elevation of 7600 
feet. At the top a stop will be made to visit the grave of Buffalo 
Bill and Pahaska Tepee and to view the broad panorama of 
mountains and plains. "The route will then lead over Genessee 
Mountain to Bergen Park and down the beautiful Bear Creek 
eanyon on the return to Denver. 

Trips may be made to the Valmont Steam Plant of the 
Colorado Publie Serviee Company, Broadeasting Station KOA, 
stockyards and packing plants and other interesting points. 

Golf and tennis tournaments will be played and a reception 
and a banquet are other features. 

The ladies attending will of course enjoy the events already 
mentioned and in addition special plans have been laid for their 
entertainment, including teas, card parties, sightseeing and 
shopping tours. 

In connection with the convention a most interesting tour of 
Yellowstone Park and other places has been arranged to start 
immediately after the convention closes, June 29. Details of 
this trip are published elsewhere in this JOURNAL. 


RAILROAD RATES 


Regular Summer exeursion rates will be available for mem- 
bers taking the trip to Denver who do not participate in the 
Yellowstone tour. 


COMMITTEES 


The General Convention Committee for the meeting is being 
directed by H. S. Sands, chairman; W. H. Edmunds, vice-chair- 
man and R. B. Bonney, secretary. The officers of the various 
subcommittees are as follows: Entertainment —B. Shubart, 
chairman; H. B. Dwight, vice-chairman; Finance—W. C. Sterne, 
chairman; G. E. McCarn, vice-chairman; Meetings and Papers— 
H. P. Charlesworth, chairman; L. N. McClellan, vice-chairman; 
Registration—A. L. Jones, chairman; W. C. DuVall, vice-chair- 
man; Sections—W. B. Kouwenhoven, chairman; V. L. Board, 
viee-ehairman; Ladies Enteriainment—Mrs. A. L. Jones, chair- 
man; Mrs. L. N. McClellan, vice-chairman; AH otel—H. B. Barnes, 


chairman; J. H. MeCable, vice-chairman; Publicity—J. F. Green- 
awalt, chairman; H. H. Argabrite, vice-chairman; Transporta- 
tion—W. H. Edmunds, chairman; G. M. Moore, vice-chairman; 
Student Branches—J. L. Beaver, chairman; H. S. Evans, vice- 
chairman. 

Following are tentative programs of events, technical sessions 
and ladies entertainment. 


TENTATIVE PROGRAM OF SUMMER CONVENTION 
DENVER, COLORADO, JUNE 23-29, 1928 


Monpay, JUNE 25 


9:00 a.m. Registration 
10:00 a.m. Section Delegates’ Meeting l 
12:30 p. m. Section and Branch Delegates’ Luncheon 
2:00 p. m. Section Delegates’ Meeting (continued) 
4:00 p. m. Branch Delegates’ Meeting 
TUESDAY, JUNE 26 
9:30 a. m. Annual Business Meeting of the Institute 
President’s Address 
Presentation of Prizes for Papers 
Technical Session on Surge-Voltage Investigations 
2:00 p. m. Golf and Tennis Tournaments 
8:30 p. m. Lecture. Geophysical Methods of Prospecting, Dr. 
C. A. Heiland, Colorado School of Mines 
9:30 p. m. Reception 
WEDNESDAY, JUNE 27 
9:30 a. m. Technical Committee Reports, Sessions B and C 
12:30 p. m. Directors’ Luncheon-Meeting 
1:30 p. m. Technical Session on Electrified Railways 
6:30 p. m. Convention Dinner 
THURSDAY, JUNE 28 
9:00 a. m. Mountain Trip, returning about 4.00 p. m. 
8:00 p.m. Theater Party 
FRIDAY, JUNE 29 
9:30 a.m. Technical Sessions, E and F 
. 1:30 p. m. Golf and Tennis Finals 
7:20 p.m. Start of Tour to Yellowstone Park, ete. 


TECHNICAL SESSIONS 
TUESDAY, JUNE 25, 9:30 a. m. 


SESSION ÀÁ—SuncGE VOLTAGE INVESTIGATIONS 


Surge-Voltage Investigation on Transmission Lines, W. W. Lewis, 
General Electric Co. 

Lightning Investigations on New England Power Company’s 
System, E. W. Dillard, New England Power Co. 

Surge-Voltage Investigation on 140-kv. System of Consumers 
Power Co., J. G. Hemstreet and J. R. Eaton, Consumers 
Power Co. 

Surge-Voltage Investigation 132-kv. Transmission Lines of 
American Gas and Electric Co., Philip Sporn, American Gas 
& Electric Co. 

Surge-Voliage Investigation on 220-kv. System of Pennsylvania 
Power & Light Co., N. N. Smeloff, Pennsylvania Power & 
Light Co. 


WEDNESDAY, JUNE 20, 9:30 a. m. 


Sessions B AND C— TECHNICAL COMMITTEE REPORTS, 
Two SIMULTANEOUS SESSIONS 
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WEDNESDAY, JUNE 26, 1:30 p. m. 


Session D— ELECTRIFIED RAILWAYS—FEEDER CONTROL 


High-Speed Circuit Breakers, J. W. McNairy and R. M. Spurck, : 


General Electric Co. 

High-Speed Circuit Breakers for Railway Electrification, H. M. 
Wilcox, Westinghouse Electric & Mfg. Co. 

Operating Experience with High-Speed Circuit Breakers, B. F. 
Bardo, New York, New Haven & Hartford Railroad 

Arrangement of Feeders and Equipment for Electrified Railways, 
R. B. Morton, of Gibbs and Hill 

Protection of Electric Locomotives and Cars to Operate with High- 
Speed Circutt Breakers, J. V. Duer, Pennsylvania Railroad. 

The High-Speed Circuit Breaker in Railway Service, W. P. Monroe 
and R. M. Allen, Illinois Central Railroad. 


Fripay, JUNE 29, 9:30 a. m. 


Sessions E AND F—Two SIMULTANEOUS SESSIONS AS SHOWN 
BELOW 


Session E 


Operation of Electrical Machines at High Altitudes, H. S. Evans, 
University of Colorado 

Transmission Experiences of the Public Service Co. of Colorado, 
M.S. Coover, University of Colorado, and W. D. Hardaway, 
Public Service Co. of Colorado 

A-C. Elevator Motors of the Squirrel-Cage Type, E. E. Dresse, 
Lincoln Electric Co. 

Electric Welding of Pipe Lines, J. D. Wright, General Electric Co. 


Session F 

Utilization of Lodgepole Pine as Pole Timber, R. W. Lindsay, 
Mountain States Telephone & Telegraph Co. 

Carrier Systems on Long-Distance Telephone Lines, H. A. Affel 
and C. S. Demarest, American Telephone & Telegraph Co. 
and C. W. Green, Bell Telephone Laboratories, Ine. 

Efficiency of Antenna Coupling to Power Lines, C. A. Boddie, 
Westinghouse Electrice & Mfg. Co. 

Superimposed High-Frequency Currents for | Circuit-Breaker 
Control, L. R. Ludwig, Westinghouse Electric & Mfg. Co. 

Extinction of an Alternating-Current Arc, Joseph Slepian, West- 
inghouse Electric & Mfg. Co. 


LADIES PROGRAM 
The 


(The ladies are invited to all events of the convention. 
following features are listed as being of special interest). 


TurESDAY, JUNE 26 


2:00 p.m. Tea at Cherry Hills Country Club 
8:30 p.m. Lecture on "Geophysies" by Dr. C. A. Heiland, 
Colorado School of Mines : 
9:30 p. m. Reception 
WEDNESDAY, JUNE 27 
11:30 a.m. Bridge and Luncheon 
6:30 p.m. Convention Dinner 
THURSDAY, JUNE 28 
9:00 a.m. Mountain Trip returning about 4.00 p. m. 
8:00 p.m. Theater Party 
Fripay, JUNE 29 
Morning Automobile trip through city and shopping districts 
7:20 p. m. Start of tour to Yellowstone Park, ete. 


Institute Tour to Yellowstone Park 


Widespread interest is being shown in the Institute tour which 
will follow the Summer Convention in Denver. This tour as 
already announced in the JouRNAL will have as its main objective 
Yellowstone National Park and the route will pass through 
Colorado Springs and Salt Lake City. 

With New York City as a starting point, the entire trip will 
be made in about eighteen days, ineluding, the time spent in 
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Denver at the Convention. The time required from other 
points will depend, of course, upon their location. The start will 
be made from New York on the afternoon of June 22 and the 
return to New York will be on July 10. 

Members from other sections of the country may meet the 
party at any point along the route including Denver. 

The party will arrive at Denver on Sunday evening, June 24, 
and after the Convention is over, will leave Friday evening, 
June 29, for Colorado Springs, where they will stay at the Broad- 
moor Hotel. 

At Colorado Springs June 30, Pike's Peak, the Garden of the 
Gods, South Cheyenne Canyon, and Seven Falls will be visited. 
Enroute from Colorado Springs on July 1 will be seen the famous 
Royal Gorge. 

Arriving in Salt Lake City on the morning of July 2, trips will 
be made morning and afternoon, and at noon the organ recital 
in the Mormon Temple will be heard. Among the trips which 
ean be taken are those to Saltair Beach, the Bingham Copper 
Mines, and the canyons near the city. 

Leaving Salt Lake City on the evening of July 2, the party 
w'll arrive at the West Yellowstone entrance on the next morning. 

In Yellowstone National Park, four and one-half days will 
be spent enjoying the many wonders of nature which are there. 
Old Faithful and many other geysers, Yellowstone Lake, the 
Grand Canyon and Great Falls of the Yellowstone, Mammoth 
Hot Springs, Shoshone Lake and Dam are the prominent points 
that will be visited. 

Leaving the park by way of the Cody road the party will! take 
the train at Cody on the evening of July 7 and will arrive in 
Chieago July 9 and in New York, July 10. 

A most enjoyable feature of this trip will be that all arrange- 
ments for railroad and pullman tickets, hotels, automobile tours, 
baggage transfer, ete., will be made by the travel bureau which 
has been authorized for the trip. 

The cost of the tour, depending on pullman accommodations 
desired, will be as follows, with New York as the starting point. 
Rates from other points will differ according to the location. 


COST OF TOUR STARTING AT NEW YORK 


Onein Onein Two in Two in Three in 
upper lower compartment drawing room drawing room 
berth berth (each person) (each person) (each person) 
$350 $375 $398 $439 $393 


The tour is arranged on the all-expense plan and the cost 
includes round-trip railroad and pullman transportation, side 
trips, accommodations at first class hotels (rooms with bath, 
twin beds) including the Cosmopolitan Hotel, the headquarters 
of the meeting, all meals (except at Denver), transfer of pas- 
sengers and baggage, sight-seeing and touring cars, in fact all 
necessary expenses except meals at Denver, trips in Salt Lake 
City and tips. 

The cost does not include private baths at Yellowstone Park. 
Such accommodations are limited, but private bath accommoda- 
tions will be secured for members of the party who desire them 
there, at slight additional cost. 


All who are interested in this tour are requested to communi- 
eate with the travel bureau, The Henry Tours, Ine., 565 Fifth 
Avenue, New York, N. Y., which will make arrangements. The 
bureau will give information on all matters. 


New Haven Regional Meeting May 9-12 


The Northeastern District will hold its fifth Regional Meeting 
as already announced in the JourNAL at New Haven on May 
9-12, with headquarters at the Hotel Taft. 

With exception of one change the program will be as announced 
in the April JOURNAL, page 296. The change referred to is in 
connection with the trip to Hartford where inspeetion will be 
made of the mereury boiler and turbine installation of the 
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Hartford Electric Light Company and the Hartford Yard of the 
New Haven Railroad. 

This Hartford trip will be made at 8:30 a. m., Friday, May 11, 
simultaneously with the trip to the Rocky River Hydroelectric 
Development. 


Atlanta Regional Meeting October 29-31 


A three-day regional meeting will be held under the direction 
of the Southern District of the Institute in Atlanta, Ga., October 
29-31, with headquarters at the Hotel Biltmore. 

Tentative plans for a program have already been formed by 
the Distriet committee and further announcements will be made 
in future issues of the JOURNAL. 


Pacific Coast Convention in Spokane 


August 28-31 


The program is being completed for the 1928 Pacific Coast 
Convention which will be held in Spokane, Wash., August 28-31. 

Among the subjects for the proposed technieal papers will be 
transmission studies, including lightning phenomena, corona, 
and swinging of conductors; carrier-current relaying and com- 
munication; automatic stations; vacuum-tube applications; 
telephony, railway electrification, automatic train control, 
electrometallurgy of zine, ete. 

Details will be published in later issues of the JouRNAL. 


Illuminating Engineers and New York 
Section to Hold Joint Session 


On the evening of Friday, May 18th at 8.15 p. m. the New 
York Section of the A. I. E. E. and the Illuminating Engineering 
Society will hold a joint meeting in the Engineering Auditorium, 
33 West 39th St., New York, N. Y. Two papers will be pre- 
sented, as follows: ‘‘Gas-Filled Thermionie Tubes," by Dr. 
Albert W. Hull, of the General Electric Company and ‘‘Hot 
Cathode Neon Ares" by Clifton G. Found, General Electric 
Company and J. D. Forney of the Cooper Hewitt Electric 
Company. Dr. Hull’s paper will deal with cathode disentegra- 
tion voltage, reetifiers, hot eathode lamps and thyrathrons. In 
their diseussion of the neon diseharge tube, Messrs. Found and 
Forney will deseribe its construction, electrical characteristics, 
luminous characteristics, design for a-c. and d-c. operation and 
its uses. It is expected that the talks will be accompanied by 
interesting exhibits and demonstrations. 


World Engineering Congress, Tokio, 1929 

Dr. Elmer A. Sperry, chairman of the American Committee 
of the World Engineering Congress to be held in Tokio, has 
announced the names of members of the various committees 
charged with carrying out plans for the undertaking. The 
Congress, whieh will be attended by engineers and scientists 
from all parts of the world, will convene in October of next 
vear and the committees appointed will arrange for attendance 
and participation of American engineers at the Congress, which 
will be the first ever held. 

The Committees follow: 

Executive Committee: John W. Lieb, Chairman; Gano Dunn, 
George W. Fuller, Maurice Holland, Dugald C. Jackson, Frank 
B. Jewett, J. H. MeGraw, O. C. Merrill, Charles F. Scott, 
Elmer A. Sperry, W. E. Wickenden and Calvin W. Rice. 

Finance Committee: John W. Lieb, Chairman; Edward Dean 
Adams, W. W. Atterbury, W. L. Batt, Howard Coffin, E. M. 
Herr, Charles H. Herty, John Hays Hammond, William C. 
Potter, Charles M. Sehwab, Alfred P. Sloan, Gerard Swope and 
Samuel M. Vauclain. 

Technieal Program Committee: Dugald C. Jackson, Chair- 
man; H. Foster Bain, W. F. Durand, J. R. Freeman, Baneroft 
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Gherardi, Allen Hazen, George W. Fuller, F. L. Hutchinson, 
Edgar Jadwin, A. E. Kennelly, Dexter S. Kimball, Arthur D. 
Little, Calvin W. Rice, F. R. Low, Michael I. Pupin, George T. 
Seabury, George Otis Smith, W. E. Wickenden and O. C. 
Merrill. 

Transportation Committee: Frank B. Jewett, Chairman; 
C. O. Chesney, J. V. Davies, Howard Elliott, Maurice Holland, 
C. A. MeAllister and H. H. Westinghouse. 

Entertainment Committee: O. C. Merrill, Chairman; F. L. 
Hutchinson, Vice Chairman; Bancroft Gherardi, F. R. Low, 
J. V. W. Reynders, C. O. Mailloux and A. W. Berresford, of 
New York; Edgar Jadwin, John Halligan and John Hays 
Hammond of Washington; S. W. Stratton, Dugald C. Jackson, 
Arthur D. Little and A. E. Kennelly of Boston; C. F. Kettering 
of Detroit; E. M. Herr and L. A. Osborne of Pittsburgh; E. W. 
Rice, Jr., of Schenectady; Ambrose Swasey of Cleveland; 
Samuel M. Vauclain of Philadelphia; Charles A. Pratt of Chi- 
cago;'W. F. Durand, C. E. Grunsky and Charles D. Marx of the 
Paeifie Coast. 

Publieity Committee: J. H. MeGraw, Chairman, Charles H. 
Herty, Raymond C. Mayer, Calvin W. Rice, E. T. Mehren and 
Edward A. Simmons. 

Promotion and Attendance Committee: George W. Fuller, 
Chairman; Edward Dean Adams, W. W. Atterbury, J. J. Carty, 
C. C. Chesney, Howard E. Coffin, Gano Dunn, John R. Freeman, 
George W. Fuller, Bancroft Gherardi, John Hays Hammond, 
Charles H. Herty, Samuel Insull, Arthur D. Little, William B. 
Mayo, Charles D. Marx, William Barclay Parsons, William C. 
Potter, E. Wilbur Rice, Jr., Charles M. Schwab, George Otis 
Smith, John F. Stevens, S. W. Stratton, Ambrose Swasey, 
Gerard Swope, Samuel M. Vauclain, H. H. Westinghouse and 
William E. Wickenden. 


Radio Engineers Extend Invitation 


At the June 6th meeting of the Institute of Radio Engineers 
to be held in the auditorium of the Engineering Societies Building, 
33 West 39th Street, New York, two papers dealing with aircraft 
radio are to be presented. The first, by Dr. J. H. Dellinger 
and Mr. Haraden Pratt of the Bureau of Standards is entitled, 
"Development of Radio Aids to Air Navigation." The second 
paper will be presented by Mr. M. P. Hanson of the U. S. Naval 
Researeh Laboratory. It will be entitled, "Aireraft Radio 
Installations" and will be a description of various past and 
existing types of naval radio aireraft equipment. 

Members of the American Institute of Electrical Engineers 
are especially invited to attend this meeting. 


International Illumination Congress 


Reports are being prepared for presentation at the Inter- 
national Illumination Congress, to be held in September at 
Saranae Inn., N. Y., when & new realization of the importanee 
of proper illumination in all its aspeets will be given to the 
people of the United States by the foremost lighting engineers 
of the world. On all the important branches of lighting, in- 
vestigation is going forward, and among the subjeets to be dis- 
cussed are: Lighting for aviation, street and highway lighting, 
store and window lighting as an aid to retail selling, faetory, 
library, hospital and publie building illumination and flood- 
lighting. 

Not only will the laboratory and eommereial praetise in these 
subjeets be reviewed and plans made for further work, but the 
foreign delegation will see much of American illumination 
practise. A tour which is being planned to take in a number of 
Ameriean eities in the eastern half of the United States will 
provide for inspection of important installations of all kinds. 

Canada also is planning to weleome the delegation, with 
Niagara Falls and Toronto in its itinerary. Professor G. R. 
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Anderson of the University of Toronto, is preparing for the 
reception in his country. | 

Preparations are under the auspices of the Illuminating 
Engineering Society, of which Norman Maebeth, of New York, 
is President, and the U. S. National Committee of the Inter- 
national Commission on Illumination, headed by Dr. Clayton H. 
Sharp, of New York. The Executive Committee in charge of 
arrangements is proeeeding under the direction of Julius Daniels 
of the Edison Electric Illuminating Company of Boston. 


400 Attend Baltimore Regional Meeting 


The Regional Meeting held in Baltimore, April 17-20, with 
headquarters at the Hotel Belvedere was marked by an atten- 
dance of four hundred, excellent discussion of the technical 
papers and splendid social and inspection features. 

A digest of the discussion at the technical sessions will be 
published in the June issue of the JOURNAL. | 

A feature of interest was the lecture on the evening of April 17 
by Dr. R. W. Wood of Johns Hopkins University, entitled 
‘Sounds That Burn." 

Following the lecture two District Prizes for papers were 
presented by J. L. Beaver, vice-president in the Middle Eastern 
District. The prizes were for the best paper and for the best 
initial paper, and both were presented to Sigmund K. Waldorf 
for his paper, An Amplifier to Adapt the Oscillograph to Low- 
Current Investigations. 

Two interesting inspection trips were held, one to the Gould 
Street Generating Station of the Consolidated Gas, Electric Light 
& Power Company, and the other to the Conowingo Hydro- 
electric Development of the Philadelphia Electrice Company. 
The latter was an all-day trip on April 20 and was taken by about 
150 members and guests. 

A dinner-dance was held on the evening of April 18. During 
the dinner, President Bancroft Gherardi gave a short talk and an 
address was made by H. A. Wagner, president of the Consoli- 
dated Gas, Electrice Light & Power Company. 

A meeting of Counselors and Chairmen of the Branches in the 
District was held on the evening of April 19. 


Two New Standards Available 
AUTOMATIC STATIONS AND MATHEMATICAL SYMBOLS 


Standards for Automatic Stations, No. 26 in the series of Insti- 
tute Standards is now availablein pamphlet form. This Stand- 
ard was developed by the Technical Committee on Automatic 
Stations under the chairmanship of Chester Lichtenberg. It was 
approved asan A. I. E. E. Standard by the Board of Directors 
at their meeting of April 6, 1928. The standards apply to the 
following types of automatic power switching equipment: 
automatic machine equipment, automatic transformer equip- 
ment, automatic feeder equipment, automatic throw-over 
equipment, remote control equipment, suspervisory equipment, 
remote metering equipment, load limiting and load indicating 
resistors. Cost of the pamphlet is 30 cents with 50 per cent 
discount to members. | 

Standards for Mathematical Symbols, No. 17f, was developed 
by the Seetional Committee procedure of the American Engi- 
neering Standards Committee and under the joint sponsorship of 
the American Association for the Advancement of Science, 
the American Society of Civil Engineers, the American Society 
of Mechanical Engineers, the Society for the Promotion of 
Engineering Education and the A. I. E. E. It represents the 
results of the work of one of the subeommittees of the Sectional 
Committee on Scientific and Engineering Symbols and Abbre- 
viations, which is under the chairmanship of Dr. J. Franklin 
Meyer of the Bureau of Standards. It was approved by the 
Board of Directors of the Institute on June 23, 1927 and became 
an American Standard in January 1928. The other divisions of 
the Sectional Committee work will, it is hoped, shortly also 
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become available. Mathematical symbols cover the following 
subjects; arithmetic and algebra, elementary geometry, analytic 
geometry, triogonometrie and hyperbolic functions, calculus, 
special functions, vector analysis, etc. The pamphlet cost is 30 
cents with 50 per cent discount to members. Address A. I. E. E. 
Headquarters, 33 West 39th Street, New York, N. Y. 


A. I. E. E. Directors’ Meeting 


The regular meeting of the Board of Directors of the American 
Institute of Electrieal Engineers was held at Institute head- 
quarters, New York, on Friday, April 6, 1928. 

There were present: President Bancroft Gherardi, New York, 
N. Y. Vice-Presidents H. M. Hobart, Schenectady, N. Y., 
G. L. Knight, Brooklyn, N. Y., J. L. Beaver, Bethlehem, Pa., 
A. B. Cooper, Toronto, Ont.; Managers J. B. Whitehead, 
Baltimore, Md., E. B. Merriam. Seheneetady, N. Y., M. M. 
Fowler, Chicago, Ill, F. C. Hanker, East Pittsburgh Pa., 
E. B. Meyer, Newark N. J.; National Secretary F. L. 
Hutchinson, New York, N. Y. 

The minutes of the Directors! meeting of February 16, 1928, 
were approved. ‘ 

Reports were presented of meetings of the Board of Examiners 
held March 21 and April 4. Upon the recommendation of the 
Board of Examiners, the following actions were taken: 54 
Students were enrolled; 179 applicants were elected to the grade 
of Associate, 1 applicant was elected to the grade of Member; 
25 applicants were transferred to the grade of Member; 1 appli- 
cant was transferred to the grade of Fellow 

Approval by the Finance Committee for payment, of monthly 
bills amounting to $38,316.77, was ratified. 

Voted to join with other American national engineering 
societies in contributing the sum of $100 each to the Association 
of American Engineers in France, to assist the Association in 
becoming established. 

Upon the recommendation of the Publication Committee, the 
following amended by-law (Sec. 96) was adopted: 


‘Section 96. The National Secretary is authorized to receive 
from non-members annual subscriptions to the quarterly TraNns- 
ACTIONS, in pamphlet binding, at ten dollars ($10.00) per year, 
a discount of 50% to be allowed to college and publie reference 
libraries and 20% to publishers and subscription agents. Mem- 
bers of the Institute may subscribe to the quarterly TRANs- 
ACTIONS, in pamphlet binding, at five dollars ($5.00) per vear, of 
which three dollars ($3.00) shall be deducted from the sub- 
scriber’s annual dues and two dollars ($2.00) paid direetly by 
the member. The price of single copies shall be two dollars and 
fifty cents ($2.50) to non-members, with the usual discounts, 
and one dollar and twenty-five cents ($1.25) to members. 

‘‘Orders for the quarterly Transactions, in cloth binding, 
may be accepted from non-members at & price of twelve dollars 
($12.00) per year with a discount of 50% to college and publie 
reference libraries and 20% to publishers and subscription agents. 
Orders may be accepted from members at seven dollars ($7.00) 
per year, of which four dollars ($4.00) shall be paid directly by 
the subscriber and the balance of three dollars (83.00) deducted 
from his annual membership dues. Single copies shall be sold 
to non-members at three dollars ($3.00) per copy, and to members 
at two dollars (32.00) per copy. 

‘‘Back volumes of the quarterly Transactions may be 
sold to members and non-members at the subscription prices 
previously quoted for the current edition. Back volumes of 
the TRANSACTIONS published in annual form prior to 1025 may 
be obtained by non-members at ten dollars ($10.00) per vear or 
at such lower prices as may be authorized by the Board of Di- 
reetors, with the usual discounts. Members of the Institute 
may obtain copies of the back volumes issued in annual form at 
the members’ subscription price, or at a discount of 505 from 
the non-member price for volumes published prior to 1921." 


Authorization was given for the establishment of Student 
Branches of the Institute at the University of Louisville and the 
University of Vermont. 

Ratified the appointment by the President of the following 
Committee of Tellers to eanvass and report upon the votes east 
for the election of officers and constitutional amendments: 
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Messrs. R. R. Kime, Chairman, W. E. Coover, E. E. Dorting, 
W. S. Hill, D. B. Perry, H. O. Siegmund, and John T. Wells. 

Professor Charles F. Scott was reappointed as an Institute 
representative upon the Commission of Washington Award, for 
the two-vear term commencing June 1, 1928. 

Upon the recommendation of the Standards Committee, 
Standards for Automatie Stations (No. 20) were approved as 
A. I. E. E. Standard. 

The official invitation to this Institute, from The Kogakkai, 
of Japan, transmitted through the Department of State, to 
participate in the World Engineering Congress, Tokio, Japan, 
October 1929, was presented, and the following resolution was 
adopted: 

WHEREAS, the American Institute of Electrical Engineers has 
received from the Department of State of the United States of 
America, an invitation to participate in a World Engineering 
Congress to be held in Tokio, Japan, in October 1929. 

RESOLVED: That this organization is pleased that a World 
Engineering Congress is to be held in 1929 and considers it most 
appropriate and satisfactory that the Congress is to be held in 
Tokio, Japan, under the auspices of The Kogakkai; and 

RESOLVED FURTHER: That the American Institute of Electrical 
Engineers accepts with pleasure the invitation to take part in 
this Congress and will heartily cooperate through the American 
Committee toward making the Congress a success. 


Other matters of importance were discussed, reference to 
which may be found in this and future issues of the JOURNAL. 


Engineers’ Memorial at Louvain 


Louvain's new library and the memorial carillon and clock in 
its tower are progressing satisfactorily. There is yet time, 
however, before dedication on the 4th of July for thousands more 
of American engineers to have shares in this tribute to those who 
gave their lives in the Great War. A larger number of partici- 
pants is desired to make our memorial more fully an expression 
of goodwill to our friends in Europe from the whole membership 
of the engineering societies of the United States. 

The Committee presents an accounting to show this need for 
action bv a much greater proportion of the 75,000 or more engi- 
neers in our societies. 


Contributors to the fund to 10th April.................... 2659 
Of the 75,000 eligibles, the contributors are only.......... 314% 
Funds contributed to 10th April....................... $62,112. 


Besides this sum, there have been gifts of materials and 


services. For the expenses for raising the fund, separate pro- 
vision has been made. 
Obligations total, approximately.................... $83,000 
Contracts for clock and carillon, about......... $71,200 
Perpetual maintenance fund................... 10,000 


Tablets, memorial volumes and other minor 


Items MA DOUG: v cyeiaabeo cst thd Pe us Ew RARE 1,800 
Excess of obligations over contributions to date........ $21,000 
Payments already made on obligations............... $30,000 


Other payments will be due soon and the final payments in 
August. 
Contributions should be sent to United Engineering Society, 
29 West 39th Street, New York, at your early convenience. 
EDWARD DEAN ADAMS, Chairman 


New York Electrical Society to Visit East 


River Generating Station 


At 12-30 p. m. on Saturday, May 12, the New York Electrical 
Society will be the guests of the New York Edison Company in an 
inspection of their new East River Generating Station. A 
buffet lunch will be served to the members and their friends 
attending. Participation in this trip will be by ticket only. 
For further details communicate with H. E. Farrer, Secretary 
New York Electrical Society, 29 West 39th Street, New York, 
N.Y. 
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E. J. Prindle Addresses Law Association 


At the Waldorf-Astoria Hotel, February 9, 1928 before 24 
Federal judges and 600 patent lawyers and their guests, Mr. E. J. 
Prindle, President of the New York Patent Law Association, 
delivered an address on ‘‘The Marvelous Performance of the 
American Patent System," in which he briefs the many achieve- 
ments of American inventions and work of the United States 
Patent Office, in view of which Mr. Prindle states that ‘‘the 
dreams which once seemed beyond belief pales in the light of 
actual accomplishment.” Continuing, Mr. Prindle cited the 
fact that from 1880 to 1890 inventions of first importance 
produced by American inventors were too numerous to enumer- 
ate. Including , the Westinghouse quick-acting air brake 
the Janney car coupler; the transparent photographic film— 
forerunner of motion pictures; the recording adding machine; 
the linotype and various other type-setting machines; the 
half-tone process; the Tesla split-phase induction motor; 
the incandescent lamp; the transformer; steam turbine; electric 
furnace; polyphase electric motor; the cash register; the trolley 
ear; and electric welding. Two-thirds of all inventions of 
primary importance registered since the establishment of the 
Patent System have been of American production, and the 
American Patent System, Mr. Prindle believes, is the most 
marvelously effective economic instrument ever devised by man. 


Because that instrumentality has produced such remarkable 
results, it should be guarded from any experiment with changesin 
principles and attempts to improve it should be confined to 
matters which make for simplification of procedure. 


A New College of Engineering 


Because of the demand for engineering education and the 
need of industries in southern California for centralized and 
adequately-equipped engineering laboratories the board of 
trustees of the University of Southern California has authorized 
the creation of a college of Engineering, of which Philip S. 
Biegler, professor of electrical engineering at the University for 
the past five years, has been appointed acting dean by President 
Rufus B. von KleinSmid. 


The new college, which will open September 1928, will be 
made up of five major divisions with separate chairmen as 
follows: Chemical Engineering, Professor Wilfred W. Scott; 
Civil Engineering, Professor Robert M. Fox; Electrical Engi- 
neering, Professor Philip S. Biegler; Mechanical Engineering, 
Professor Thomas T. Eyre; Petroleum Engineering, Professor 
Allan E. Sedgwick. 


In addition to the four-year courses leading to a B. S. degree 
in any of the divisions of engineering, and a Master’s degree for 
graduate work, a degree of C. E. has been established for dis- 
tinction in the practise of engineering. 


Professor Biegler, came to Southern California five years ago 
after 13 years of teaching at the Universities of Iowa, Illinois, 
Purdue, and Washington State College, and a number of years 
with the Commonwealth Edison Company in Chicago and 
and the Washington Water Power Company of Spokane in an 
Engineering capacity. From 1918 to 1921 he was associate 
engineering editor of Electrical World. He has written exten- 
sively on educational problems and engineering subjects; is a 
Member of the Institute since 1913; past chairman of the 
Urbana Section; present chairman of the Committee on Student 
Activities of the Pacific District and a member of the Executive 
Committee of the Los Angeles Section. He is also a member of 
the Society for the Promotion of Engineering Education, the 
American Association of University Professors and the Engi- 
neers’ Club of Los Angeles. He is a graduate of the Univecssity 
of Wisconsin with the degree of B. S. in E. E. (1905),and E. E. 
(1915), and M. S. in E. E. by the University of Illinois (1916.) 
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Engineers Public Works Bill Hearings 


Started 


The Wyant Public Works Bill, H. R. 8127, is the subject of 
hearings started before the House Committee on Expenditures 
in the Executive Departments on April 4. 

Congressman Wyant opened the hearing with a strong state- 
ment in behalf of the measure. He was followed by Judge 
Finney, Assistant Secretary of the Department of the Interior, 
and Dr. George Otis Smith, Director of the Geological Survey 
both of whom favor the reorganization plan proposed in the bill. 

On the second day of the hearing, President Berresford, of 
American Engineering Council, gave asummary of the work that 
has been done in behalf of the measure, especially referring to the 
practically unanimous sentiment in favor of the bill, by organ- 
ized engineers. He was followed by E. O. Griffenhagen, promi- 
nent organization expert, member of American Society of Me- 
chanical Engineers, and member of American Engineering 
Council’s Committee on Reorganization of the Executive 
Departments, who explained in some detail, the desirability and 
feasibility of coordinating the engineering functions of the 
Federal Government. General R. C. Marshall, Manager of the 
Associated General Contractors of America, followed with a 
statement that the contractural relations of the Federal Govern- 
ment would be greatly improved by the concentration of this 
work. 

On the following day other prominent contractors such as, 
John W. Cowper of Buffalo, and Colonel D. H. Sawyer of 
Washington, testified in behalf of the measure. Dr. Elwood 
Mead, Director of Reclamation, and Farley Osgood followed, 
concluding the argument in behalf of the measure, making 
especially strong argumentfor it. Mr. Osgood referred especially 
to the analogous situation in industry where great industrial 
plants found it necessary to have a coordinated engineering 
division. 

The opposition headed by the representatives of the Corps of 
Engineers, U. S. Army, will consume several days in presenting 
its testimony. This will be followed by rebuttal testimony from 
the engineers. 


The Montefiore Prize 


The Montefiore Electrotechnical Institute of Liége Belgium, 
is announcing the conditions of the George Montefiore Prize, 
which will be awarded in 1929. 

The prize, which consists of the interest on 150,000 Belgian 
frances at three per cent, is given triennially in international 
competition for the best original work presented on scientific 
advancement and on progress in the technical applications of 
electricity in all fields. Only works presented during the three 
years preceding the award will be considered. They may be 
submitted in English, in printed or manuscript (typewritten) 
form. The Director of the Montefiore Electrotechnical Insti- 
tute presides over the jury, which is composed of five Belgian 
and five foreign electrical engineers. 


Report of Boulder Dam Bills 


The Senate and House Committees have submitted reports on 
the Swing-Johnson Boulder Dam Bills. 

The majority reports favoring the measure were submitted in 
the Senate by Senator Johnson of California and in the House, 
by Congressman Swing of California. 

Three minority reports have so far been submitted. The first 
was by Congressman Douglas, an engineer from Arizona. His 
opposition is "based upon a matter of principle and upon the 
unsound economie nature of this measure.”’ 

Following this report, Congressman Leatherwood submitted a 
detailed report in which he states that it is ‘‘a scheme to secure 
eonstruction by Federal Government of a power project under 
the guise of flood control and irrigation." 
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The minority report submitted by Senator Ashurst opposes 
the bill on the ground that it invades state rights in an uncon- 
stitutional manner, which he warns, will eause expensive and 
protracted litigation. Opposition tq the Boulder Dam project 
is declared also by a special committee appointed by the Ameri- 
can Engineering Council to examine the question from an engi- 
neering standpoint. The committee, of which Francis Lee 
Stuart of New York is chairman, says in its report: 

“Your committee is unanimously agreed that the information 
set forth in the reports which have been submitted to us is not 
conclusive as to the engineering feasibility of the plan outlined 
in the Swing-Johnson bill and that before either the Govern- 
ment or private capital would be justified on engineering or 
economic grounds in committing themselves to the expenditure 
involved, the development of the river for the purpose in view 
should be further and most thoroughly investigated to deter- 
mine how the results which it seeks to accomplish ean be secured 
with a reasonable assurance of success.” 

Other members of the Council’s committee are Allen Hazen, 
Clemens Herschel, J. Waldo Smith, and Lewis Buckley Stillwell. 


Engineering Rise in Radio 

The above is the title of a serial account of the rise and progress 
of radio from the engineering and invention points of view, 
which has been written by Donald MeNieol, past-president 
of the Institute of Radio Engineers and Fellow of the Institute. 
The story begins in the June 1928 issue of the magazine Radio 
Engineering, and will be continued inthe monthly issues through- 
out the year. 


Fellowships and Scholarships in Electrical 
Engineering at North Carolina State College 


The North Carolina State College of Agriculture and Engineer- 
ing announces the following fellowships and scholarships: 

One half-time teaching fellowship in electrical engineering 
paying $750 for a period of ten months, with the possibility of 
re-appointment for the second year, at the end of which time 
the requirements for the Master’s degree should be completed. 

Eight $450 fellowships and six $225 scholarships, of which 
probably not more than two will be in electrical engineering. 

Further information may be secured from Professor C. W. 
Ricker, Department of Electrical Engineering, State College 
Station, Raleigh, N. C. 


Chicago Office of Employment Service to 
Have New Quarters 


The Chicago office of the Engineering Societies Employment 
Service, which is operated under the direction of the national 
societies of Civil, Mining, Mechanical, and Electrical Engineers, 
and the Western Society of Engineers, will be located in the new ` 
Engineering Building, 205 West Wacker Drive, after May 1, 1928. 

Information concerning the three offices of the Service may be 
found under the heading “Engineering Societies Employment 
Service" in each issue of the JOURNAL. 


PERSONAL MENTION 


(9909 01000000000 0000000000 1009000006 090000 000 0999€ 9061400 £4 9 PA EE Oe 9S M PL UO GE00€ 0 tame: 


t 
H 
l 


0000100800004 005400 10000994 OF 14 904 +4 M 0904 


ALBERT J. PYLE, formerly of Wilmington, Del., is now associ- 
ated with the Ford Instrument Co., Long Island City, N. Y., as 
technical writer. 

E. A. Broros, European commercial manager of the Inter- 
national Standard Electrice Corporation has been made vice- 
president of the Corporation with headquarters in London, 
England. 

Henry W. REpniNG has been appointed textile engineer of 
the Westinghouse Elec. & Mfg. Co., in charge of the company's 
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activities at East Pittsburgh and will be responsible for the appli- 
cation and success of the textile equipment of Westinghouse 
customers there. 


J. P. Putnam, formerly employed as engineer in the Radio 
Dept. of the Martin Copeland Company, Providence, R. I., for 
radio research and development, is now employed as engineer of 
the National Company, Malden, Mass., doing similar work. 


Rosert J. DENEEN and FREDERIC ATTWOOD were elected 
vice-presidents of the Ohio Brass Company at a meeting of the 
Board of Directors held February 3, 1928. Mr. Deneen is in 
charge of the company’s sales activities in the Chicago district, 
while Mr. Attwood is in New York in charge of the eas ern sales 
district. 

GroncE B. Tripp has joined the organization of Glidden, 
Morris and Company, Investment Bankers, New York City. 
For many years Mr. Tripp has been engaged in the executive 
management and operations of various publie utility properties 
in this country, and was formerly vice-president of the United 
Gas & Eleetrie Engineering Corporation, more recently he has 
been in charge of the operations of the Huntington Development 
and Gas Company, a subsidiary of the Columbia Gas and Elec- 
trie Corporation, at Huntington, West Virginia. 


Obituary 

Harry G. Hopkins, of Norwood, Ohio, who joined the 
Institute May 1918, died Mareh 27 1928. Mr. Hopkins was 
born at Broeton, New York, the 7th day of September 1884. 
He attended the local High School and then entered Syracuse 
University, graduating with the class of 1909. It was here he 
obtained his E. E. degree. During High School and College 
vacations he was obtaining practical knowledge by work with 
Portland Telephone Co., Brocton, N. Y., the Brocton Fire 
Alarm in design and construction work and the Crandall Panel 
Co. on shop and inspection work. He was also doing house and 
store wiring on his own responsibility. Immediately after 
finishing his college course, he apprenticed himself to the West- 
inghouse Electric & Mfg. Co., for five months doing shop work, 
spending three months in the Testing Department, 13 months in 
the Engineering Dept. and three months in the Detail and 
Supply Dept., where his work was the drawing up of switchboard 
specifications with detail relative thereto. In 1911 he was 
transferred to the Cincinnati Office on like work, but in 1914 he 
left the Westinghouse Company to identify himself with Albert 
Emanuel Co., of Dayton, Ohio, where his work was general 
engineering on electric railways and ice plants, investigating the 
reporting on public utilities properties as to the desirability of 
purchase, the appraisal of electric properties and assisting in 
obtaining securities. In April 1916, however, he returned to the 
Westinghouse Company, East Pittsburgh, as a specialist on 
lightning protection apparatus, miscellaneous fuses, switches, 
earbon and oil circuit breakers and their application. For the 
past several years, Mr. Hopkins has been electrical engineer at the 
Edgar Thompson Works of the Carnegie Steel Co., Swissvale, 
Pa. This was his connection at the time of his death. 

James J. Wood, engineer and inventor, consulting engineer 
at the Ft. Wayne Works of the General Electric Company and 
Fellow of the Institute since 1918, died April 20, at Ashville, 
N.C. Mr. Wood was born at Kinsale, County Cork, Ireland, 
but came to the United States at an early age and attended the 
publie schools at Branford, Conn. In 1878 he was graduated 
from the night school of the Brooklyn Polytechnic Institute and 
twelve years later had achieved the factory managership and 
position of chief engineer of the Fort Wayne Works of the 
General Electric Company. Mr. Wood had 240 patents to his 
credit for electrical and mechanical inventions including lighting 
systems, machines, lamps cutouts, switchboards, suspensions 
and hoods. It was he who engincered the first electric flood- 
lighting of the Statue of Liberty, in 1885; from 1900 to 1918, he 
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was occupied with the development of d-c. generators and motors, 
a-c. generators, transformers, meters, reactance regulators for 
series a-c. lamps, enclosed a-c. lamps, magnetite lamps, single- 
phase a-c. motors, circuit breakers and numerous small motor 
applications, such as vibrator, utility motors and series con- 
tactors. He was concerned in the manufacture of the Brayton 
oil engine installed in the first Holland submarine, built the 
first lamps for Sir Hiram Maxim and machines for constructing 
the main cables used on the original Brooklyn Bridge. 


W. F. M. Goss, retired educator, past president of the Ameri- 
ean Society of Mechanical Engineers and an Associate of the 
Institute since 1908 died March 23, 1928. Doctor Goss was 
born at Barnstable, Mass., October 7, 1859. Upon the comple- 
tion of a two years’ course at Purdue, he was appointed instrue- 
tor in practical mechanics and at once began the work of estab- 
lishing shop laboratories. His first class was one of five stu- 
dents, but the work broadened rapidly, the equipment was 
increased, the students becoming so numerous that new labora- 
tories must be built. In 1883 he became professor of practical 
mechanics, a title which he held for seven years. So successful 
was his work that the cities of Chicago, Toledo, Louisville and 
Indianapolis in turn sought the aid of the Purdue laboratories, 
(to which many a distinguished visitor came, ) to help them estab- 
lish their own manual training schools. Much of the equip- 
ment was made at the University of Purdue and‘ supplied 
complete to these other school boards. In 1889 Dr. Goss 
obtained leave of absence and took up his residence in Boston. 
Some work was done by him at the Massachusetts Institute of 
Technology, but in 1890 he was appointed Professor of Experi- 
mental Engineering at Purdue. Having developed laboratories 
for elementary engineering training, it was now his work to 
build for more advanced engineering work. Plans for an exten- 
sive laboratory were developed and by the fall of 1891 a portion 
of the building was constructed. In 1899 he was granted a 
year’s leave of absence which he spent in study and travel 
abroad. Upon his return he was appointed Dean of the School of 
Engineering, Purdue. After 28 years of faithful service he 
resigned his position at Purdue to take up what seemed to him a 
larger field as Dean of the College of Engineering of the University 
of Illinois. Dr. Goss retired from active business in 1925 and 
returned to Barnstable, the place of his birth. He held an 
M.A. from Wabash college; an honorary degree of Doctor of 
Engineering from University of Illinois; was a member of the 
American Society for Testing Materials, the Society for the 
Promotion of Engineering Education, the Executive Committee 
of the National Advisory Board, the Master Car Builders’ 
Association, the Illinois Academy of Science and the Western 
Society of Engineers. He was a Fellow of the American Society 
of Advancement of Science, a member of the Railroad Club of 
New York, past-president of the Western Railway Club and was 
chairman of the Advisory Committee organized by the Pennsyl- 
vania Railway Company. 

T. A. Wilkinson, Electrical Engineer, New England Publie 
Service Co., Augusta, Me., died Monday, April 2, at the age of 
53. Mr. Wilkinson was a Fellow in Electrical Engineering, 
School of Practical Science, Toronto University, and had done 
much in the practical engineering field as assistant electrical 
engineer of the Pittsburgh Reduction Co., assistant and then 
head of the statistical department Westinghouse Church Kerr & 
Co. General manager and electrical engineer of the Electro 
Tin Products, Ltd., engineer, railway department, the Hydro- 
Electrice Power Commission of Ontario, assistant electrical engi- 
neer of the Public Utilities Commission, London, Ontario, 
Canada and special engineering work on transmission and 
distribution for the Westinghouse Electric & Mfg. Co. Mr. 
Wilkinson was a Canadian by birth. He became an Associate 
of the Institute in 1926. 


Howard Ford Thurber, former president and chairman of the 
Board of Directors of the New York Telephone Company, died 
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at his home in this city April 22, 1928. Mr. Thurber was born 
in Brooklyn August 6, 1869, and was educated at the Brooklyn 
Polytechnic Institute. He obtained an M.E. degree from 
Cornell University in 1890 and that same year became assistant 
engineer of the Metropolitan Telephone & Telegraph Company, 
from which position he rapidly advanced to that of assistant 
chief engineer in 1893 and general superintendent the following 
year. In 1906 he was chosen general manager of the New York 
Telephone Company and here again he went ahead with rapid 
progress from vice-president to president and director. Mr. 
Thurber was active in many other companies’ interests, as 
vice-president of the Eastern Group of Telephone Companies, 
president and director of the New York Telephone Realty 
Corporation and the Empire City Subway Company; director 
of the Bell Telephone Company of Pa. and associated companies; 
the Chesapeake Telephone Company and associated companies; 
the Mountain Home Telephone Company, the Holmes Electric 
Protective Co., and the Friendship Telephone Company. He 
was also a member of the Metropolitan Museum of Art, the 
Merchants Association of New York, the New York State Cham- 
ber of Commeree, the University Club, the St. Maurice Fish and 
Game Club and the Railroad Club of New York. Mr. Thurber 
joined the Institute in 1896. 
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Future Section Meetings 


Cleveland 


Annual Meeting. Speaker: Pres. Bancroft Gherardi, Vice- 
President and Chief Engr., American Tel. & Tel. Co. (National 
President, A. I. E. E.) May 24. 


Columbus 
Household Electrical Engineering, by G. W. Alder, Consulting 


Engineer, Good Housekeeping Institute. Annual Meeting. 
Election of officers. Ladies are invited to this meeting, which 
will be preceded by adinner. May 25. 

Erie 


Modern Reproduction Of Sound, by L. T. Robinson, General 


Engineering Laboratory, General Electric Co. May 15. 
New York 
Illumination Session. May 18. 


Niagara Frontier 
Electrification of the Cement Industry, by J. A. Zook, Chief 
Engr., Great Lakes Portland Cement Co. of Buffalo. May 18. 


Pittsburgh 
Household Electrical Engineering, by G. W. Alder, Consulting 
Engr., Good Housekeeping Institute. Dinner Meeting, to 
which the ladies are invited. May 8. 


St. Louis | 
Influence of Iron Saturation on the Operation Characteristics of 
Transformers, by H. Weieshel, Wagner Electric Corp. May 16. 


Sharon 
Banquet Meeting. “The Psychology of Laughter,’ by 
Charles Milton Neweomb. June 5. 


i Vancouver 
Annual Meeting and Dinner. June 5. 


RECENT DEVELOPMENTS IN THE DIAL SYSTEM OUTLINED 
TO NEW YORK SECTION 


OFFICERS FOR 1928-29 ANNOUNCED 
On Thursday, April 19th, the New York Section of the Institute 
held its third annual Student Convention and regular monthly 
Section meeting. The Student Convention is outlined in detail 
elsewhere in this issue. The Section meeting, held at 8:15 p. m. 
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A. L. Broomall, aged 44 years, manager of the Renewal 
Parts Engineering Department of the Westinghouse Electric & 
Manufacturing Company, died Tuesday morning, April 10, in 
his home, 814 Mifflin Avenue, Wilkinsburg, of pneumonia. Mr. 
Broomall was born June 27, 1884, in Lenni, Delaware County, 
Penn., and was educated at the Westchester State Normal 
School and Lehigh University, graduating from the latter 
institution in 1906 with the degree of Bachelor of Science in 
Electrical Engineering. Immediately thereafter he entered the 
graduate students’ course of the Westinghouse Company, where 
he continued work until his death. 

His advancement as an engineer was rapid. His first impor- 
tant work was on the installation of the first electric locomotives 
on the New York, New Haven and Hartford Railroad. From 
1911 to 1915 he had charge of the design of electrical vehical 
motors; he was appointed section head of the d-c. motor section 
in 1915, and in 1922 he was transferred to the renewal parts engi- 
neering department as engineer-in-charge, later becoming mana- 
ger of the department, which was the position he held at his death, 

He was a member of Beta Lodge, F. and A. M., Wilkinsburg, 
and the American Electric Railway Association. Mr. Broomall 
joined the Institute in 1909 as an Associate but advanced to the 
full grade of Member in 1913. 
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in the Engineering Auditorium was devoted to a talk on ‘‘Some 
Recent Developments in Dial Systems," by W. E. Farnham and 
H. M. Bascom of the A. T. & T. Co. Due to the sudden illness 
of Mr. Farnham, the talk was given by W. D. Sargent also of the 
A. T. & T. Mr. Sargent's talk was profusely illustrated by 
lantern slides and moving pictures. An introductory talk was 
given by K. W. Waterson, asst. vice-president of the A. T. & T. 
Co. 

The announcement of the election of Section officers for 1928- 
1929 was made by Chairman L. W. W. Morrow, as follows: 
R. H. Tapscott, Chairman; H. S. Sheppard, Secretary-Treasurer; 
and for Executive Committee, J. T. Barron and T. F. Barton. 


PAST SECTION MEETINGS 


Atlanta ° 


A Solution of Power Factor Correction, by B. T. MeCormick, 
Wagner Eleetrie Corp. Illustrated with slides. Joint 
meeting with Georgia Sehool of Technology Branch. A 
dinnder preceded the meeting. March 30. Attendance 120. 


Boston 


Where Are We Going in the Electric Light and Power Industry? 
by W. S. Murray, Consulting Engineer. March 16. At- 
tendance 350. 

Heaviside and Steinmetz, Their Work and Personalities, by Dr. 
Ernst J. Berg, Union College. March 30. Attendance 150. 


Cincinnati 
Modern Developments in the Elevator Industry, by E. W. Yearsley, 
Otis Elevator Co. Mareh 8. Attendance 56. 


Cleveland 
High-Speed Traction. Motors, by N. W. Storer, Westinghouse 
Eleetrie & Mfg. Co. March 8. Attendance 60. 


Applications of Automatic Switching, by R. W. Osterholm. 
student; and 


Problems in Converter Stations, hy R. G. Hornberger, student. 
Illustrated with slides. Talks on activities of Student 
Branches were also given by Prof. J. L. Beaver, Vice-Presi- 
dent, Middle Eastern District, and J. G. Currie, Chairman, 
Case School of Applied Science Branch. Joint meeting 
with Case School of Applied Science Branch. March 22. 
Attendance 140. 

Connecticut 

Research and Inrention, by Thomas Spooner, Westinghouse 
Electric & Mfg. Co. Illustrated with slides. March 13. 
Attendance 70. 
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Denver 

Financial Supervision of a Large Engineering and Manufacturing 
Organization, by C. H. Lang, General Electric Co. 
dinner preceded the meeting. March 13. Attendance 50. 

Detroit-Ann Arbor 

Transatlantic Radio, by Dr. Austin Bailey, American Tel. & 
Tel. Co. Joint meeting with Institute of Radio Engineers. 
March 20. Attendance 240. 

Erie 

Tendencies in Modern Transportation, by N. W. Storer, West- 

inghouse Electric & Mfg. Co. March 20. Attendance 125. 
Indianapolis—Lafayette 

Protection of Transmission Lines and Apparatus against the Effects 
of Lightning, by K. B. McEachron, General Electric Co. 
March 6. Attendance 155. 

The Televor, by R. J. Wensley, Westinghouse Electric & Mfg. Co. 
March 27. Attendance 350. 

Louisville 

Engineering and Engineering Education, by Dean A. A. Potter, 
Purdue University. Joint meeting with A. S. M. E. 
March 20. Attendance 62. 

Radio Interference, by A. W. Lee, Louisville Gas and Electric Co. 
April 9 

Lynn 

Motion pictures, entitled respectively, ‘‘Saving Coal at Home" 
and "Through Oil Lands of Europe and Africa," were shown. 
A film, showing the recent New England flood, was also 
shown. March 22. Attendance 170. 

Heaviside and Steinmetz, Their Work and Personalities, 
Ernst J. Berg, General Electric Co. 
March 31. Attendance 291. 

Madison 

Electric Utility Rates, by G. C. Neff, Vice-President, Wisconsin 

Power & Light Co. March 30. Attendance 25. 
Mexico 

Automatic Substations, by B. J. Skarbovick. Dinner meeting. 

March 6. Attendance 36. 
Milwaukee 

Atoms as Wonder Workers, by H. D. Hubbard, National Bureau 
of Standards. Joint meeting with Engineers’ Society of 
Milwaukee. March 21. Attendance 450. 

Nebraska 

Manufacture of Porcelain Insulators, by C. A. Brunner, Locke 
Insulator Corp. Illustrated with motion pictures. A 
dinner preceded the meeting. February 7. Attendance 50. 

The Street Railway Problem in Omaha, by J. N. Shanahan, 
President, Omaha and Council Bluffs Street Railway Co. 
March 20. Attendance 55. 

Niagara Frontier 

Automatic Control of Substations by Means of Superrisory 
Control and Other Methods, by R. J. Wensley, Westinghouse 
Electrice & Mfg. Co. March 2. Attendance 170. 


Oklahoma 
New and Better Business, by S. A. Chase, Westinghouse Electric 
& Mfg. Co. March 13. Attendance 150. 
Philadelphia 


Research and Invention, by Thomas Spooner, Westinghouse 
Electric & Mfg. Co. Illustrated with slides. A dinner 
preceded the meeting. March 12. Attendance 105. 


by Dr. 
Annual Dinner. 
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ENGINEERING EXPOSITION TO BE HELD AT LEWIS INSTITUTE 
The Lewis Institute Branches of the A. I. E. E. and Western 
Society of Engineers are announcing their second annual Engi- 
neering Exposition to be held on May 16, 17, and 18. It is ex- 
pected that this Exposition will surpass that of last year, both in 
size and in attendance. 
No admission will be eharged. 
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Pittsburgh 


Vacuum-Tube Applications, by T. A. E. Belt, General Electric 
Co. March 13. Attendance 265. 


Pittsfield 

The Interconnection of Power Systems, by Philip Sporn, American 
Gas & Electric Co. Illustrated with slides. March 20. 
Attendance 135. 

Electrical. Accidents, bv H. M. Jalonack, General Electric Co. 
Illustrated with slides and a motion picture entitled ''Re- 
suseitation." March 27.. Attendance 100. 

The Psychology of Laughter, by C. M. Newcomb. Annual 
Dinner. The Best Paper Prize of the Pittsfield Section for 
the Season 1926-1927 was awarded at this dinner to Mr. 
G. Camilli for his paper entitled "Reduction of Transformer 
Exciting Current to a Sine Wave Basis," presented in May 
1927. April 3. Attendance 246. 


Providence 
Application of Electricity to Marine Service, by F. E. Smith, 
General Electric Co. February 7. Attendance 40. 
Reminiscences of Heaviside and Steinmetz, by Dr. Ernst J. Berg, 
Union College. February 29. Attendance 50. 


Rochester 


Television, by H. M. Stroller, Bell Telephone Laboratories. 
Illustrated by slides and motion pictures. A dinner pre- 
ceded the meeting. March 2. Attendance 578. 


St. Louis 


Artificial Light and Civilization, by Dr. M. Luckiesh, National 
Lamp Works of General Electric Co. Joint meeting with 
A. S. M. E. March 28. Attendance 150. 


San Francisco 
Mechanical Movements of Line Conductors under Short-Circuit 
Conditions, by W. S. Peterson, Los Angeles Bureau of Power 
and Light. Illustrated with slides. March 23.  Atten- 
dance 52. 
Schenectady 
Size of the Universe, by Dr. I. Langmuir, General Electrie Co. 
Illustrated with slides. March 16. Attendance 400. 
Toronto 
The Distribution of Power in the Rural Districts of Ontario, by 


R. E. Jones, Hydro-Electric Power Commission. February 
9. Attendance dl. 
Instruments Transformers, hy A. M. Wiggins, Westinghouse 


Electrie & Mfg. Co. February 24. Attendance 74. 
Starting Characteristics of Synchronous Motors, by H. R. Sills, 
Canadian General Electric Co. March 9. Attendance 46. 
Vancouver 
Impressions of a Visit to Europe, by F. J. Bartholomew, Electrical 
Engineer. April 3. Attendance 34. 
Washington, D. C. 


Interconnection of Power Systems, by P. H. Chase, Philadelphia 
Electrie Co. Motion picture, entitled ''White Coal," 
was shown. A dinner preceded the meeting. March 13. 
Attendance 105. 

Urban Transportation, by W. B. MeClellan, Consulting Engineer. 
A dinner preceded the meeting. April 10. Attendance 36. 

Worcester 


Reminiscences of Steinmetz and Heaviside, by Dr. Ernest J. Berg, 
Union College. Joint meeting with A. S. M. E., A. S. C. E. 
and A. S. S. T. Mareh 28. Attendance 100. 
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STUDENT MEETING HELD BY ITHACA SECTION 


A meeting held by the Ithaca Section at Cornell University 
on April 13, 1928, was conducted entirely by the students under 
the auspices of the Electrical Engineering Association, and the 
following program was presented: 

Alternator Oscillograph Studies, S. R. Knapp and J. R. Burnell. 

Walter Levels of Cayuga Lake, D. J. C. Werner 
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Polarization and Absorption in Dielectrics, E. J. Atkins, Jr. 
Electric Locomotive Construction, D. W. Exner. 
Refreshments were served after the completion of the program. 


CONFERENCE ON STUDENT ACTIVITIES IN DISTRICT NO. 2 


In connection with the Regional Meeting of the Middle 
Eastern District (No. 2), held at Baltimore, April 17-20, 1928, 
the second annual Conference on Student Activities of that 
District was held on the evening of the 19th. Twelve Counselors 
and about the same number of Branch Chairmen were present. 
Professor L. A. Doggett, Chairman of the District Committee on 
Student Activities and Counselor of the Pennsylvania State 
College Branch, presided. 

The following program was presented: 

The Institute and Student Branches, H. H. Henline, Assistant 
National Secretary, A. I. E. E. 

Resumé of Student Branch Activities of the Middle Eastern 
District, No. 2, Morland King, Counselor, Lafayette College 
Branch. 

What is My Branch Doing about Branch Paper Prizes? Open 
discussion. 

Electrical Engineering Student Activities at Colleges Located 
in Large Cities, H. B. Dates, Counselor Case School of Applied 
Science Branch. W. B. Kouwenhoven, Johns Hopkins Uni- 
versity. F. W. Lee, Johns Hopkins University. 

Report of Outgoing Chairman of Committee on Student Activities, 
L. A. Doggett, Counselor, Pennsylvania State College Branch. 

Open Discussion on the General Topic: 

Wrinkles That Have Been Helpful in the Operation of Your 
Branch. Discussion by both Counselors and Student Branch 
Chairmen. i 

Professor King’s report dealt principally with the Student 
Convention held at Lafayette College on March 19, 1928, and 
he said the students in charge of the arrangements had responded 
to their duties and opportunities in an admirable manner. 

Means of encouraging students to submit more papers in 
competition for the national and regional prizes for Branch 
papers were discussed by a number of Counselors. 

The majority of those present agreed that a Student Branch 
can be conducted very effectively in a large city, and that the 
presence of a Section does not in any way reduce the desirability 
of having a Branch, but, on the contrary, offers excellent possi- 
bilities of cooperation between the students and practicing 
engineers with benefits to both groups. 

Professor Doggett reported briefly upon his plan for encourag- 
ing joint Branch meetings in the District and the two such 
meetings that were held during the present year. He exhibited 
curves showing the attendance at meetings of the Pennsylvania 
State College Branch and a number of other Branches. 

Each Branch Chairman present gave a brief report concerning 
the activities of his Branch, and several expressed the hope that 
they would be able to use effectively some of the ideas received 
during the Conference. | 

At a meeting of the Counselors, Professor F. C. Caldwell, 
Counselor of the Ohio State University Braneh, and Professor 
H. E. Dyche, Counselor of the University of Pittsburgh Branch, 
were eleeted Chairman and Vice-Chairman, respectively, of the 
Distriet Committee on Student Activities for the year beginning 
August 1, 1928. 


JOINT MEETING HELD BY CLEVELAND SECTION AND 
CASE SCHOOL OF APPLIED SCIENCE BRANCH 

A very effective joint meeting was held on March 22, 1928, by 
the Cleveland Section and the Case School of Aplied Science 
Branch. The meeting was held in the Electrical Building of 
Case School, and all preparations were made by the students. 

The program was as follows: 

Address of Welcome, G. J. Currie, Chairman, Case School of 
Applied Seience Branch. 

Response, A. M. Lloyd, Chairman, Cleveland Section. 
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Activities of the Case School of Applied Science Branch, G. J. 
Currie, Chairman. 

Activities of Student. Branches, J. L. Beaver, Vice-President, 
District No. 2, A. I. E. E. 

Application of Automatic Switching, R. W. Osterholm, Student. 

Three-reel motion picture entitled, Automatic Control of a 
Three-Wire Edison System. 

Problems in Converter Stations, R. G. Hornberger, Student. 

A black-face comedy aet was presented by M. S. Schonvizner 
and M. Hirshfield, Students. 

Those present were then conducted through the laboratories 
by members of the Braneh. Many special exhibits had been 
arranged for the meeting, and were very interesting to the 
visitors. 


STUDENT ACTIVITIES CONFERENCE AND CONVENTION IN 
DISTRICT NO. 4 

Following extensive preparations made by the Committee on 
Student Activities of the Southern District (No. 4) over a period 
of several months, a very effective two-day combined Conference 
on Student Activities and Convention was held at the Georgia 
School of Technology, Atlanta, on March 30 and 31, 1928, in 
cooperation with the Atlanta Section. 

The program of the meeting was as follows: 


Friday, March 30, 1928 
9:00 A. M. 
Counselors’ Technical Session 


Professor E. S. Hannaford, Chairman Committee on Student 
Activities, District No. 4, presiding. 

Invocation. 

Address of Welcome for A. I. E. E., C. O. Bickelhaupt, Vice- 
President District No. 4. 

Address of Welcome for Georgia School of Technology, Dr. M. L. 
Brittain, President. 

Research, Professor W. S. Rodman, Chairman Southern 
Virginia Section, and Counselor University of Virginia Branch. 

The Relation Between Parallel Resonance and Anti-Resonance, 
Professor Walter J. Seeley, Counselor Duke University Branch. 


1:00 P. M. 
Student Technical Session 

Professor E. S. Hannaford presiding. 

Each student introduced by a professor from his sehool. 

Modern Methods of Reproducing Sound, A. A. Berger, Georgia 
School of Technology. 

The Performance of Various Solutions as Electrolytes in Electro- 
lytic Rectification, E. R. Hauser, Alabama Polytechnic Institute. 

Intermission—M usie. 

Automatic Telephony. R. E. Kepler, Chairman Washington and 
Lee University Branch. 

The New Course in Electrical Engineering at Duke University, 
O. T. Colelough, Chairman Duke University Branch. 

Application of Photoelectric Cells to Timing with Standard 
Clock, H. M. Roth, University of Virginia. (Presented by H. D. 
Forsyth, Chairman University of Virginia Branch). 

After the adjournment of the afternoon session, the delegates 
were guests of the Georgia School of Technology Branch at 
a very interesting baseball game between that school and 
Oglethorpe University. 
6:30 P. M. 


Dinner with Atlanta Section 
8:00 P. M. 
Joint Meeting with Atlanta Section 


D. H. Woodward, Secretary, Atlanta Section presiding. 
A Solution of Power Factor Correction, B. T. McCormick 
Wagner Electric Corporation, St. Louis. 
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Saturday, March 31, 1928 
9:00 A. M. 


Conference on Student Activities 


Professor E. S. Hannaford presiding. 

Student Activities, H. H. Henline, Assistant National Secretary, 
A. I. E. E. 

Student Branch Conventions, Professor W. J. Seeley, Counselor 
Duke University Branch. 

Intermission— Music. | 

Student Branch Activities, W. J. Holman, Georgia School of 
Technology. l 

Student Branches and the Institute, Professor W. S. Rodman, 
Counselor University of Virginia Branch. 

General Discussion. 

1:30 P. M. 


Inspection Trips 


(a) Georgia Power Co. Noiseless Automatic Substation 
(Spring St.) and the Boulevard Substation. 

(b) Telephoto Apparatus Inspection and Demonstration. 

Several speakers emphasized the facts that the most important 
function of the Student Branches is the development of latent 
abilities of the students and this is accomplished most effectively 
by their active participation in the programs. 

Among the recommendations made at the Conference on 
Saturday morning were those to the effects that good addresses 
at Regional Meetings be broadcast by radio and the Branches 
be notified in time to listen, and District officers invite each 
Branch in their District to send a delegate to Regional Meetings 
at the expense of the Branch. 

It was decided that the next Conference on Student Activities 
in the District will be held at the time of the Regional Meeting in 
Atlanta, October 29-31, 1928, and that the Counselor of the 
Georgia School of Technology shall be Chairman of the District 
Committee on Student Activities. The Chairman was em- 
powered to appoint such sub-committees as may be desirable, 
and to make arrangements for prizes for the best student papers 
presented at the next meeting. 

Professor E. S. Hannaford was elected Counselor Delegate to 
represent the Committee on Student Activities of District No. 4 
at the Summer Convention, to be held in Denver, June 25-29. 

The entire meeting was interesting to all present. Ten 
Counselors and about the same number of Chairmen represented 
their Branches. The attendance at each of the technical sessions 
and the general conference was approximately 120. 


THIRD ANNUAL STUDENT CONVENTION OF NEW YORK 
SECTION 


BROOKLYN POLYTECHNIC WINS PRIZE FOR THIRD TIME 

The third annual Student Convention of the New York 
Section was held on Thursday, April 19, 1928 in the Engineering 
Societies Building, 33 West 39th St., New York, N. Y. 

Following the successful Student Convention of 1926 ar- 
rangements were made by the Section officers to place all re- 
sponsibility for the success of future conventions in the hands of 
a Student Committee to be appointed each year. This plan 
proved eminently successful again this year, as all details for the 
1928 meeting were handled by the Student Committee, subject 
only to the guidance of Branch counselors and Section officers. 
Eight colleges located in New York Section territory took part 
in the meeting. They were: Columbia University, Newark 
College of Engineering, Cooper Union, College of the City of 
New York, Rutgers University, Stevens Institute of Tech- 
nology, New York University and Brooklyn Polytechnic 
Institute. 

On Thursday morning there were student inspection trips to 
the Hellgate Power Station, Holland Tunnel Ventilating System, 
Bell Telephone Laboratories and the Roxy Theatre. 

The afternoon session, heldin the Engineering Societies Build- 
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ing, was devoted to the presentation of seven papers by repre- 
sentatives of seven colleges in competition for a prize of $25.00 
in gold offered by the New York Section. Edward S. Bush, 
of the Newark College of Engineering, Chairman of the Student 
Committee, presided. L. W. W. Morrow, chairman of the New 
York Section made a short address. The balance of the after- 
noon was taken up by the presentation of the competing papers, 
as follows: The Measurement of Composite Track Currents, 
Barton Kreuzer, Brooklyn Polytechnic Institute; The Gas- 
Electric Bus (illustrated), A. H. Rapport, College of the City 
New York; Rectifiers and Rectifier Tubes, Donald Castle, 
Stevens Institute of Technology; Preferred Home Lighting, 
John P. Radcliff, Columbia; The Shield Grid Tube, J. F. Torpie, 
New York University; The Watthour Meter, (illustrated), 
Robert E. Mayer, Newark College of Engineering; A-C. Net- 
works, Charles H. Coles, Cooper Union. 

Members of the Committee of Award were unanimous in their 
decision giving the prize to Barton Kreuzer of the Brooklyn 
Polytechnie Institute with honorable mention to Robert E. 
Mayer of the Newark College of Engineering. The award to 
Mr. Kreuzer makes the Brooklyn institution a winner three 
years in succession. Attendance at the afternoon session was 
approximately 375. 

At 6 p. m. a dinner for the students was given at the Fraternity 
Club, with about 175 in attendance. An after-dinner address on 
“The Young Engineer in Industry" was given by F. W.Willard, 
Personnel Director of the Western Eleetrie Company. "The 
Convention ended with the regular monthly N. Y. Section meet- 
ng with the students participating. That meeting is outlined 
elsewhere in this issue. 


BRANCH MEETINGS 


Municipal University of Akron 


The Electric Locomotive and Its Control, by Mr. Webb, General 
Eleetrie Co. A dinner preceded the meeting. March 8. 
Attendanee 43. 


Alabama Polytechnic Institute 


The 132-Kv. Cable, by Mr. Lee, General Electric Co. Brief 
talks were also given by Mr. Stevens and Mr. McLaren, 
General Electric Co. March 15. Attendance 49. 


University of Arkansas 


Regional Meeting in St. Louis in March, by Professor W. B. 
Stelzner, Counselor, and W. H. Mann, Jr., Chairman. 
March 20. Attendance 14. 

Measurements of Sound Pressure, by L. H. Barton, Director of 
Radio Station, KUOA, and Instructor of Radio at Uni- 
versity of Arkansas. Nominating Committee appointed. 
April 3. Attendance 13. 


Armour Institute of Technology 


Diesel Engines and Their Relation to Industry, by F. Saldeth, 
Harneschfeger Corp. Joint meeting with A. S. M. E. and 
W. S. E. Branches. March 1. Attendance 55. 


Bucknell University 


Business meeting. Adoption of By-laws. 
dance 16. 


California Institute of Technology 


Annual student meeting of Los Angeles Section. (See Student 
Activities department in April issue of JOURNAL for more 
complete report.) March 6. 


Motion pietures on Weston Instruments were shown. 
23. Attendance 14. 


University of California 


Initiation Banquet. Remarks on Engineering, by G. R. Hennin- 
ger, Associate Editor, ‘‘Electrical West;" “The Responsi- 
bilities of the Engineer,” by W. L. Winter, Chairman, San 
Francisco Section; '"TIravel Memoirs," by Robert Sibley, 
Executive Manager, California Alumni Association. L. D. 
Payne, student, spoke in behalf of the incoming men. 
Music and entertainment by students. March 1. Atten- 
dance 97. 

The Recent Hydroelectric Power Developments on the Pacific Coast, 
by W. M. Moody, Pelton Water Wheel Co. Business ses- 
sion. Refreshments served. March 28. Attendance 48. 


March 21. Atten- 


March 
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Inspection of the Vaca-Dixon Substation of the Pacific Gas and 
Electric Company. March 30. Attendance 17. 


Carnegie Institute of Technology 
Film, entitled ‘‘Big Deeds," was shown. Smokes, refreshments, 
andentertainment. March7. Attendance 100. 


Inspection trip to the Carnegie Steel Company at Homestead, 
Pa. March 3. Attendance 45. 


Case School of Applied Science 
Joint meeting with Cleveland Section in Electrical Building at 
Case School of Applied Science. (See more complete report 
elsewhere in this department.) March 22. 


Catholic University of America 
Engineering Reports in Connection with Financing Public Utilities, 
by M. J. Idail, Weller Construction Co. Refreshments 
served. March 12. Attendance 25. 


Clemson Agricultural College 
Recent Developments in Steam Turbines, by L. Anderson; 
Recent Developments in Electric Railways, by L. S. Jackson; 
Television, by G. W. Sackman, and 
Current Events, by C. S. Lewis. March 1. Attendance 19. 


Colorado State Agricultural College 

Unit-Type Pulverizers Used in the Kalamazoo Plant, by Buell 
Clatworthy, student, and 

Engineering Achievements in the Application of Electricity to 
Industry, by George Ball, student. February 27. t- 
tendance 10. 

Photoelectric Theory and Its Application to Industry, by Prof. 
H. G. Jordan, Counselor. March 12. Attendance 15. 


University of Colorado 

Transmission-Line Insulation, by G. L. Wilder, District Manager, 
Locke Insulator Co, Salt Lake City. Three-reel film on 
manufacture of insulators and a two-reel film on manufac- 
ture of large transformers were shown. February 29. 
Attendance 36. 

Brief talks by E. C. Means, F. H. Heizberger, W. S. Trudgian, 
M. G. Graff and G. R. Ficke, Westinghouse Electric & Mfg. 
Co., on the Company and its products. "Two-reel film 
“An Electrified Travelogue” was shown. March 7. At- 
tendance 76. 

All about Aviation, by J. Don Alexander, Alexander Aircraft 
Co., Denver. Five-reel film ‘‘Electrical Measuring Instru- 
ments" was shown. March 28. Attendance 150. 


University of Denver 
Business Meeting. March 6. Attendance 12. 
General diseussion of participation of the Branch in the program 


of the annual College Night of Denver Section, May 11. 
March 30. Attendance 15. 


Duke University 


Manufacture of Electrical Instruments, by A. F. Corby, Weston 
Electrical Instrument Corp. Illustrated with motion 
pietures. March 23. Attendance 27. 


University of Florida 

Transmission of Photographs by Wire, by W. H. Johnson, Chair- 
man, and 

Student Branch Conference held in Atlanta, Ga., March 30-31, 

by Professor Joseph Weil, Counselor. April2. Atten- 

dance 25. | 


Georgia School of Technology 


Elevators, Old and New, by W. T. Gage, Supt. of the Sales and 
Engineering Department of the Atlanta Branch, Otis 
Elevator Co. Slides. Student Branch, A. S. M. E., 
invited to attend. March 6. Attendance 94. 


University of Idaho 


Electrolytic Zinc, by William Reeves, student. 
. served. March 7. Attendance 25. 


Dinner was 


University of Kansas 


L. H. Means, General Electric Co., spoke on the scope of research 
work carried on by his company. Moving picture ‘‘Speed- 
ing Up Our Deep Sea Cables" was shown. Als- 
paugh, Chairman gave a report on Regional Meeting of the 
South West District. March 14. Attendance,78. 
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Journal A. I. E. E. 


Annual Banquet. O. M. Bundy acted as toast master. Talks 
were given by R. D. Woodson, W. E. Welch, Wm. M. Savage 
and R. S. Krehbiel. March 29. Attendance 186. 


Louisiana State University 


Salesmanship and Its Application to the Electrical Field, by Mr. 
Gay, Baton Rouge Electric Co. Motion picture, entitled 
“Revelations by X-Rays,” was shown. arch 2. Atten- 
dance 28. 

Lehigh University 

The Conowingo Hydroelectric Project and Its Interconnection, 
by N. E. Funk, Chief Engineer and General Manager, 
Philadelphia Electric Co. 

Page Printing Telegraph Apparatus, by L. K. Sowers, student. 
Refreshments served. March 30. Attendance 110. 


Lewis Institute 


The Romance of Permalloy, by J. W. Andrews, Western Electric 
Co. April5. Attendance 90. 


University of Maine 


Automatic Substations, by R. F. Scott and C. M. Flint, students. 
Films on automatie substations and oil-cireuit breakers were 
shown. April 4. Attendance 15. 


Massachusetts Institute of Technology 


Principles of Electrical Measurements, by A. F. Corby, Weston 
Electrical Instrument Corp. Illustrated with film. March 
9. Attendance 40. 


Three reels of motion picture on the manufacture of porcelain 
and porcelain insulators were shown. March 21. 


Inspection trip to Edison Lamp Works of the General Electric 
Company. March 22. Attendance 8. 


Michigan State College 
Business Meeting. March 12. Attendance 17. 


University of Michigan 
An American Engineer's Impressions of European Electrical 
Manufacture, by A. M. MacCutcheon, Engineering Vice- 
President, Reliance Electric & Engg. Co. March 14. 
Attendance 23. 


| Milwaukee School of Engineering 
Atoms as Wonderworkers, by Dr. Henry Hubbard, Assistant to 
the Director of Bureau of Standards. Illustrated by 
models. March 22. Attendance 400. 
Underground Power Distribution, by R. L. Dodd. April 6. 
Attendance 200. 
University of Minnesota 


Dinner and inspection trip at Riverside Station of Northern 
States Power Company. February 23. Attendance 101. 


Mississippi A. & M. College 


Electrically Driven Battleships, by E. S. Lee, General Engineering 
Laboratory, General Electric Co. Mareh22. Attendance 91. 


University of Missouri 


Four-reel educational film on electrical instruments was shown. 
March 29. Attendance 87. 


Montana State College 

Electron Theory, by Dr. Wendt, Head, Chemistry Dept., Pennsyl- 
vania State College. March 1. Attendance 150. 

Electrons in Everyday Life, by H. T. Plumb, District Engr., 
General Electric Co., Salt Lake City, Utah. March 8. 
Attendance 98. 

University of Nebraska 
The Development of the New Type of Non-Electric Phonograph, 
y Dr. M. B. Long, (alumnus), Bell Telephone Laboratories, 
T and 

The Need of Industry for Engineers and What Industry Asks of 
Engineers, by S. Bracken, (alumnus), Technical Supt. of 
Western Electric Plant at Hawthorne. February 28S. 
Attendance 53. 

Summer Employment with the Westinghouse Electric & Manufac- 
turing Company, by Ross Kilgore, student, and 

Capacity Unbalance Tests on Chicago-New York Cable, by Kenneth 
Stiles, student. March 22. Attendance 35. 


Newark College of Engineering 


Illumination at Natural Bridge, Virginia, by W. A. Oglesby, 
Westinghouse Lamp Co. March 19. Attendance 25. 
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College of the City of New York 


Business Meeting. Motion picture, entitled ‘‘Portable Electric- 
ity," was shown. March8. Attendance 33. 


Business Meeting. One-reel motion picture, entitled ‘‘Auto- 


matic Railway Substation,’ shown. March 29. Atten- 
dance 36. 

Inspection trip to Hell Gate Power Plant. April 3. Atten 
dance 34. 


Inspection trip to Otis Elevator Works at Yonkers. 


April 10. 
Attendance 17. 


New York University 


Studies in Illumination: Light and Industry, by R. J. Fluskey, 
'28, Secretary, and 


A-c. Distribution in the Bronz, by Sheldon Trent, '28. March, 
22. Attendance 31. 


University of North Carolina 


Joint business meeting of A.I. E. E. Branch and A.S.C.E. Chapter. 
Dues of A.I. E. E. Branch were increased from $.50 to $1.00 per 
quarter. March 8. Attendance 28. 


Developments of the Carolina Power and Light Company, by R. P. 
Crippen, Test Engr. Films. March 29. Attendance 25. 


University of North Dakota 


Engineering Opportunities in North Dakota, by Arnold Niehus, 
student, and 


Report on District Conference on Student Activities at Lincoln on 
March 2 and 3, 1928, by Alfred Botten, Chairman. March 
15. Attendance 19. 


Motion pictures on modern telephone developments, radio tele- 
phony and television were shown. Discussion of plans for 
ngineers Day. March 29. Attendance 24. 


Northeastern University 


History of the Transatlantic Cable, by A. J. Mundt, Engg. Dept., 
Western Union Telegraph Co. March 20. Attendance 91. 


mepa tion trip to Hy-Grade Lamp Works, Salem, Mass. March 


University of Notre Dame 


Indiana and Michigan Electric Company Substation Near South 
Bend, by Mr. Thoman, '28, and 


Life and Works of Dr. Steinmetz, by Frank Gagliardi, 
freshments served. March 19. Attendance 58. 


'28. Re- 


Ohio State University 


Power by Radio, by Dr. Phillip Thomas, Research Engineer, 
Westinghouse Electric & Mfg. Co. Joint meeting with 
Columbus Section, held at the University. Inspection 
trip to WEAO, the University broadeasting station. Janu- 
ary 6. Attendance 200. 

Development of Dynamo Machinery in Columbus, by Prof. W. A. 
Knight, Dept. of Industrial Engg. Dinner meeting. 
February 7. Attendance 45. 


Social, Mental and Physical Balance in a Man, by C. S. Coler, 


Manager, Educational Dept., Westinghouse Electric & 
Mfg. Co. Brief remarks by a number of other Westing- 
house men. February 23. Attendance 75. 


Workers and Planners, by Prof. John Younger, Head of the Dept. 
of Industrial Engg. The following officers were elected: 
Senior Chairman, Robert G. Spry; Senior Vice-Chairman, 
E. R. Robinson; Junior Vice-Chairman, William M. Webster, 
Seeretary-Treasurer, Graydon W. Trout. March 8. At- 
tendance 45. 

App Non of Magnetic-Field Studies to Electrical Engineering, 

by E. E. Johnson, General Electrice Co. March 15. At- 
tendance 58. 


University of Pennsylvania 


Discussion of proposed trip to Conowingo. The following 
officers were elected: President, A. L. Pugh; Vice-President, 
B. F. Moore, Jr. February 20. Attendance 45. 


University of Pittsburgh 


Personal Experiences in the Engineering Field, by E. A. Casey, 
Engg. Dept., Union Switch and Signal Co. March 2. 
Attendance 39. 

Personal Experiences in the Engineering Field, by F. R. Garman: 
Engg. Dept., Bell Telephone Co. of Pa. March 9. At- 
tendance 39. 
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The Advantages of Working with a Small Concern, by H. A. 
Reitmeyer, student. March 16. Attendance 40. 


Can One-Man Street Cars Render Safe and Adequate Service, by 
H. W. Wamhoff, student. March 23. Attendance 42. 

South America, by R. Vecino, student. Slides. 

C. O. Relays, by H. R. Jones,student. Mareh30. Attendance 40. 


Purdue University 
Lightning and Its Effects, by K. B. MeEachron, General Electric 
Co. Meeting held in conjunction with the Indianapolis- 
Lafayette Section during the Meterman's Convention at 
the University. March 6. Attendance 300. 


Rensselaer Polytechnic Institute 
Operation of the High-Tension Systems Interconnecting the Large 
Steam and Hydroelectric Plants of New England, New York, 
New Jersey, Pennsylvania, and Canada, by C. W. Mayott, 
'11, Manager, Connecticut Valley Power Exchange. Slides. 
March 13. Attendance 120. 


Rutgers University 
Bimelallic Disk Thermostat, by Mr. Sherbo, '29; 
Electricity in Color Matching, by Mr. Cost, '29, and 


Vibration Absorbers for Large Single-Phase Machines, by Mr. 
Kieb,'28. March 12. Attendance 12. 


University of South Dakota 
Army Engineers and the Signal Corps, by Capt. Frank Ward. 
Plans made for Junior and Senior electrical engineering 
students to attend the meeting of the Nebraska Section at 
Omaha on April 26. March 21. Attendance 18. 


Mercury Arc Rectifiers, by Stanley Boegler, student. 
Attendance 12. 


Stanford University 
Engineering smoker. Shirley Baker spoke on the business side 
of engineering. Entertainment, refreshments, and smokes 
were provided. February 29. Attendance 75. 


Motion picture, entitled '*Conowingo," was shown. 
Attendance 31. 


A. & M. College of Texas 

Dance. March 23. Attendance 105. 

Development and Manufacture of Transformers, by E. J. Temple, 
General Eleetrie Co. Slides. Two films on transformer 
manufacture and submarine cables were shown. March 30. 
Attendance 98. 

Fundamental Units of Measurement in Electrical Engineering, by 
W. A. Knapp, '28, student. April 6. Attendance 36. 


University of Texas 


Power Transmission—Its History and Development, 
Hockiday, Texas Power and Light Co. Slides. 
Attendance 33. 

Transformers and High-Voltage Transmission, by E. J. Temple, 
General Electric Co. Slides. March 29. Attendance 28. 


University of Utah 

Motion picture, entitled ‘‘The Fabrication of Copper,” was shown. 
Joint meeting with University of Utah Engineering Society. 
March 2. Attendance 60. 

Business in America Is Good, Why Change it?, by D. C. Green, 
Vice-President and General Manager, Utah Power and Light 
Co. Joint meeting with University of Utah Engineering 
Society. March 9. Attendance 125. 

The Fynn-Weichsel Motor as a Generaor of Electric Power, by 
O. K. Stigers, student. Dr. H. E. Mendenhall gave a short 
talk on the purposes and benefits of belonging to the 
A. I. E. E. March 13. Attendance 17. 


Virginia Military Institute 
Laboratory Improvements, by W. E. Englehard; 
D-C. Machinery Used in Diescl-Electric Ship Propulsion, by L. 
Gwathmey; 
Super Power and Its Aid to Progress, by C. N. Ballinger; 
Locomotive Railroad Tests, by W. T. Wagner, and 
The Effect of Lightning on Transmission Lines, by W. E. Black. 
March 24. Attendance 42. 
Virginia Polytechnic Institute 


Electrostatics, Electromagnetics, and Electrical Measurements, by 
A. F. Corby, Weston Electrical Instrument Corp. Motion 
pictures. March29. Attendance 197. 


April 4. 


March 9. 


by O. S. 
March 22. 
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University of Virginia 
Modern Uses of the Photoelectric Cell, with Its Application to a 
x Timing Mechanism, by Mr. Roth, Physies Dept. Motion 
ieture, entitled ‘‘Voices Across the Sea," was shown by 
r. Cover, A. T. & T. Co., who described the opportunities 
HE PN in that company. February 22. Atten- 
ance 28. 


State College of Washington 


Motion pictures, entitled respectively, ‘The Electrical Giant” 
js "Big Deeds," were shown. February 23. Attendance 


A-C. Networks, by Ronald Niles. Discussion of papers for future 
meetings and plans for an Electrical Show. February 29. 
Attendance 29. 

Washingtor University 


Motion pieture on the theory and manufaeture of storage 
batteries was shown. March 2. Attendance 20. 


Motion pieture on the theory and manufaeture of Weston in- 
struments was shown. March 5. Attendance 30. 
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Journal A. I. E. E. 


Business meeting. Committees were appomteg to prepare for 
an Electrical Engineers’ Smoker. pril 5. Attendance 21. 


University of Washington 
Business meeting. March 9. Attendance 18. 


Interconnection of Electric Service Systems, by E. Stuermer, 
student. April 5. Attendance 14. 


West Virginia University 


Sounds that Burn, by J. K. Gwinn; Manufacture of Friction Tape, 
by ivan Vannoy; Raising of Submarine S-4, by F. M. 
Farry; Telephone Toll Plant in the Chicago Region, by W. S. 
Bosely; Wire Glass, by L. S. Davis; Electrical Industry in 
Japan, by H. V. Dalournett: Electric Welding, by W. T. 
Myers; A. C. Operation of Radio, by B. J. Paladino, and 
Televoz, by H. H. Hunter. March 2. Attendance 28. 


What Transportation Means to Proqress of Cities, by S. J. Donley; 
Granting of Patents, by T. R. Cooper; Transformers, by 
M. C. Clark; Electricity As Applied to the Petroleum In- 
dustry, by C. C. Coulter; Mercury Arc Rectifier, by G. J. 
Burner; Haphazard Economy, by A. L. Lindlay, and Yellow 
Pine Poles, by R. N. Kirchner. March 9. Attendance 29. 
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The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 160,000 volumes and pamphlets and receives currently 


most of the important periodicals in its field. Itis housed in the Engineering Societies Building, 29 West Thirty- 


ninth St., New York. 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


A merica. 


A rental of five cents a day, plus transportation, 1s charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 5 p. m. 


BOOK NOTICES MARCH 1-31, 1928 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume 
responsibilitv for any statement made; these are taken from 
the preface or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 

ALLGEMEINE PETROGRAPHIE DER ''OLscHIEFER" UND IHRER 
VERWANDTEN. 

By Robert Potonié. Berlin, Gebrader Borntraeger, 1928. 
173 pp., illus., 10 by 7 in., paper. 12.-mk. 

This treatise is in a sense an extension of the discussion of 
sapropel clay in the author's earlier work on the petrography of 
coal. In the present work he turns his attention to the oil shales 
and other rocks which contain bitumen, usually in solid form. 


BEITRAGE ZUR GESCHIECHTE DER TECHNIK UND INDUSTRIE; 
Jahrbuch des Vereines Deutscher Ingenieure. v. 17, 1927. 
Edited by Conrad Matschoss. Berlin, V. D. I. Verlag, 
1927. 150 pp., illus., 12 by 9 in., cloth, 16.-r. m. 

In order to make this yearbook less expensive its form and type 
have been changed to those used for other publications of the 
Society of German Engineers. The result is less pleasing to the 
eye, but the contents maintain the high level of previous years, 
and the set is indispensable to any student of engineering history. 

The historical essays include articles on the cylinder printing 
press, spectacles, high-frequency engineering, insulators for 
aerial conductors, spinning and weaving, cylinder boring mills, 


and early railroad accidents. A biography of Volta is included, 
and a Venetian patent to Galileo is reproduced. A fully illus- 
trated article on the engineering memorials of Germany con- 
tains many interesting examples of early work. A review of the 
year and a bibliography conclude the book. 
EISERNE BALKENBRUCKEN. 

By Joseph Melan. Ber. u. Lpz., Walter de Gruyter & Co., 
1928. 106 pp., illus., 6 by 4in., lines. 1,50 r. m. 

A brief text covering the essentials of the design and construc- 
tion of steel bridges. 


ELECTRIC RECTIFIERS AND VALVES. 

By A. Güntherschulze; trans. & rev. by Norman A. De Bruyne 
N. Y., John Wiley & Sons, 1928. 212 pp., illus., diagrs., 9 by 6 
in., cloth. 34.00. 

A translation of Guenther-Sehulze's ‘‘Elektrische Gleichrichter 
und Ventile," published in 1924, with various additions and 
emendations by the author and the translator. The book gives 
an account of the physical principles underlying valve action, 
and explains how these principles are applied in practice. 
ELEKTROCHEMIE, v. 4; Elektrolyse. 

By Heinrieh Dannel. Ber. u. Lpz., Walter de Gruyter & Co., 
1928. 144 pp., illus., 6 by 4in.,linen. 1,50 r. m. 

The concluding volume of Dr. Danneel’s concise introduction 
to electrochemistry is devoted to the applications of electrical 
energy to the production of chemical reactions. The broad field 
is reviewed brietly, with emphasis upon the physico-chemical 
principles involved in the various processes. 
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ELEKTROTECHNIK, V. 1; Die Physikalischen Grundlagen. 

By J. Herrmann. Ed. 5. Ber. u. Lpz., Walter de Gruyter & 
Co., 1928. 125 pp., illus., diagrs., 6x 4 in., linen. 1,50-r. m. 

This is the fifth edition of the first volume of Professor Herr- 
mann's little textbook on electrical engineering, which aims to 
provide a brief, easily understood introduction to the subject. 
This volume explains the physical principles that underly the 
subject. 

The text has been revised and enlarged. 
ELEMENTS OF MACHINE DESIGN. 

By James D. Hoffman and Lynn A. Scipio. 
Ginn & Co., 1928. (Engineering Series). 
tables, 9 by 6in., cloth. $3.80. 

The authors have endeavored to present a course in which 
methods of attack upon problems are illustrated, by the use of 
typical examples of design, which will enable the student to 
get the greatest amount of information in little time. There 
are two main divisions in the book. The first lays down the 
fundamental principles, the second shows their application to 
design. Only simple mathematics is used. 


ENGLISH FOR ENGINEERS. 

By S. A. Harbarger. 2nd edition. N. Y., McGraw-Hill 
Book Co., 1928. 300 pp., 7 by 5in., cloth. $2.00. 

This book treats of English as a tool for transmitting thought 
and is planned to aid the engineer in acquiring skill in its use as a 
professional aid. It takes up first letters of applications, tele- 
grams, orders, inquiries, and instructions, and the sales letters, 
which engineers must write; and then proceeds to more formal 
writing for publication. The advice given is sound and concise. 
There are numerous references for collateral reading, and the 
cultural value of general reading is not forgotten. 


Bost. & N. Y., 
327 pp., illus., 


ERDSTROME. 

By Franz Ollendorff. Berlin, Julius Springer, 1928. 260 
pp., diagrs., 9 by 6 in., bound. 20.-r. m. 

The electric currents which forsake the predetermined paths 
in the earth and seek paths of their own, were until recently 
called *'stray currents,” and their effects were traced by designers 
and transmission engineers only in a very few cases. This state 
of affairs has changed with the ereetion of high-tension aerial 
lines: heavy, as well as weak, currents now pass through the 
earth; the hitherto unlimited space is smaller; utilization in- 
creases; calculated limitation must replace lavish waste of the 
*earth" material. 

In this book our theoretical knowledge of the behavior of earth 
currents 1s summarized, and the formulas and mathematical 
methods are presented. The book is based on information 
assembled by the Siemens-Schuckert works and on some new 
investigations. 


GRUNDLAGEN DER W ECHSELSTROMTHEORIE. 

By P. B. Arthur Linker. Berlin, Georg Stilke, 1928. 
pp., 9 by 6in., paper. Price not quoted. 

A mathematical treatise on the theory of alternating currents. 
The author has endeavored to present the fundamentals of the 
subject and to give as elementary as possible treatment to the 
most dithcult subjects, in order to make them available to wider 
circles. Especial attention is given to new concepts and to 
high-frequency engineering. 
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Highway MATERIALS. 

By Edward E. Bauer. . N. Y., McGraw-Hill Book Co., 1928. 
353 pp., illus., diagrs., tables, 9 by 6 in., cloth. $3.50. 

While intended primarily to give students of highway engineer- 
ing à general knowledge of the qualities of materials wanted for 
various kinds of pavements, this book will also be useful to 
engineers when writing specifications or inspecting materials or 
construction. 

The first of its four parts gives a brief account of the production 
of each material, a general discussion of the purpose and value of 
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each test applied to it, and the A. S. T. M. Specifications for it. 
In part two the qualities of material desired for each type of 
pavement are discussed and typical specifications are given. 
Part three, on sampling, gives the A. S. T. M. standard methods. 
Part four gives detailed instructions for making the various tests. 


‘‘Hutte,” des Ingenieurs Taschenbuch, v. 3. 25th edition. 

By Akademischen Verein Hütte, E. V. in Berlin. Berlin, 
Wilhelm Ernst & Sohn, 1928. 1203 pp., illus., diagrs., tables, 
8 by 5in., cloth. 18,60 r. m. 

The third volume of the ‘‘Jubilee’’ edition of Huette has been 
thoroughly revised throughout and considerably enlarged. 
It is devoted to structural and railroad engineering, including 
the staties of structures, foundations, tunneling, high buildings, 
heating and ventilation, mill buildings, garages, contractors’ 
equipment, hydraulic engineering, dams, roads, city planning, 
water and sewage works, railroads and bridges. Among the 
new subjects discussed are garage construction, new methods of 
street paving, athletic fields and stadiums, bath houses, and 
railroad safety equipment. 


“HurTTE,” des Ingenieurs Taschenbuch, v. 4. 25th edition. 

By Akademischen Verein Hutte, E. V. in Berlin. Berlin, 
Wilhelm Ernst & Sohn, 1927. 864 pp., illus., diagrs., tables, 
8 by 5in., cloth. 18.-r. m. 

This volume covers a number of topics which have not been 
cared for in previous editions of Huette. It is intended to supply 
the mechanical engineer with the information of value to him on 
the mechanical technology of raw materials and articles of com- 
merce which he uses in constructing and operating machinery. 
Processes of manufacture, properties, standards of quality, usual 
commercial varieties and efficiencies are given for materials and 
machines. 

Among the topics treated are naval and marine engineering, 
automotive engineering, mining and milling, agriculture, foods, 
forestry, tanning, paper and textiles, ceramics, gas, printing, 
cinematography, radio, and packing. 
ILLUMINATING ENGINEERING. 

By Francis E. Cady and Henry B. Dates. 
John Wiley & Sons, 1925. 
in., cloth. $5.00. 

A brief, yet comprehensive survey of the subject and of current 
practice, prepared from the courses of lectures delivered by vari- 
ous specialists to students at the Case School of Applied Science. 
The theoretical principles of the art of illumination are presented, 
the sources of light are described, and approved methods for 
lighting residences, streets, signs, are explained. 

The chapters on sign and display lighting and on light projee- 
tion have been rewritten for this edition, and other seetions have 
been corrected and revised. 


2d edition. N.Y., 
515 pp., illus., diagrs., tables, 9 by 6 


KESSELANLAGEN FUR GROSSKRAFTWERKE. 

By Friederich Münzinger. Berlin, V. D. I. Verlag, 1928. 
176 pp., illus., diagrs., plates, 11 by 8 in., linen. 19.-r. m. 

In the first two-thirds of this book Dr. Münzinger gives a 
detailed aecount of the boiler plant of the Klingenberg power 
plant of the Berlin municipal electric system, from the original 
projeet to the completed installation. "The various preliminary 
plans are described critically and the various steps in building, 
such as the construction of the boilers and accessories, erection, 
etc., are narrated, with attention to points of interest. The 
text and the numerous illustrations give an unusual picture of the 
many problems involved in a large plant. 

With this as an example, the author then takes up the claims 
made for modern methods of firing and modern high-pressure 
boilers, and points out the ways to be followed to fulfill them. 
Further possible economies are pointed out. 

MATHEMATICAL PREPARATION FOR PHYSICAL CHEMISTRY. 

By Farrington Daniels. N. Y., MeGraw-Hill Book Co., 1928. 
(International chemical series). 30Spp.,8by 6in., cloth. $3.00. 

This textbook is prepared for a special course in mathematics 
given to beginners in physical chemistry who have not the time 
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for the standard courses in analytical geometry and the calculus. 
It aims to give sufficient mathematical preparation for a first 
course in physical chemistry, and for some advanced courses. 


Die MESSWANDLER, ihre Theorie und Praxis. 

By I. Goldstein. Berlin, Julius Springer, 1928. 
illus., diagrs., tables, 9 x 6 in., paper. 12.-r. m. 

The author, an engineer in the A-E-G transformer factory, 
has attempted to provide a text on the theory and design of 
instrument transformers which will be of use, not only to design- 
ers and makers, but also to those using these instruments in the 
plant or the laboratory. Attention is also given to their fields of 
usefulness. 


166 pp., 


Moror TRAFFIC MANAGEMENT. 

By G. Lloyd Wilson. N. Y., D. Appleton & Co., 1928. 
(Transportation Series). 251 pp.,charts, graphs,9 by 6in., cloth. 
$3.00. 


The author has been engaged for three years, he states, in 
collecting data dealing with traffic problems of motor bus and 
truck operators and in attempting to apply to these problems the 
principles of traffic management which have been evolved 
through the application of economic fundamentals to railroad, 
express and steamship business. He here presents the results 
of his labors. 


THE New REFORMATION FROM PuysicaL TO SPIRITUAL 
REALITIES. 
By Michael Pupin. N. Y., Charles Scribner's Sons, 1928. 
273 pp., ports., 8 by 6 in., cloth. $2.50. 


The essays in this book, originally prepared for popular lec- 
tures, are intended to give persons without elaborate svientific 
training an understanding of the close relationship between the 
several physical realities which science has disclosed during the 
last four hundred years. Dr. Pupin hopes that a better under- 
Standing of them will hasten recognition of the relationship 
between physical and spiritual realities and of the absence of any 
confliet between science and religion. 


Puysics IN Inpustry; Lectures delivered before the Institute of 
Physics, v. 5. Relation of Physics to Aeronautical Science, 
by H. E. Wimperis, and Physics in Navigation, by F. E. 
Smith. 
Oxford Univ. Press; Lond., Humphrey Milford, 1927. 
illus., 10x 6 in., boards. 2s 6d. 
American Branch, N. Y.) 


The two lectures printed in this volume deal respectively with 
the relationship of physics to aeronautical science and with 
physics in navigation. The lectures are popular in style. They 
are intended to illustrate the help extended by physicists to 
workers in those fields and to call attention to problems requiring 
eooperative investigation. 


54 PP., 
(Gift of Oxford Univ. Press, 


Power’s PRACTICAL REFRIGERATION. 

Comp. by L. H. Morrison. N. Y., McGraw-Hill Book Co., 
1928. 259 pp., illus., tables, 9 by 6 in., cloth. $2.50. 

A handbook of practical information upon the construction, 
maintenance and operation of refrigerating machinery. The 
Text is simply written and assumes no scientific knowledge. 
It is based on articles that have appeared in ‘‘Power.”’ 
PRINCIPLES OF METALLOGRAPHY. 

By Robert S. Williams and Victor O. Homerberg. 2d edition. 
N. Y., MeGraw-Hill Book Co., 1928. (International Chemical 
Series). 259 pp., illus., tables, 8 by 6in., cloth. $3.00. 

An introduction to the subject, prepared with the needs in 
view of students of general science or engineering who do not 
intend to specialize in it, but who will use it to some extent in 
their professional work. It is also adapted for use as an intro- 
duction to metallography. 

This edition has been thoroughly revised. Most of the 
photomicrographs have been changed. A chapter on the macro- 
scopic examination of metals has been added. 
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Rapio-ELEMENTS A8 INDicATORS and other selected topics in 
inorganic chemistry. 


By Fritz Paneth. (George Fisher Baker Non-resident 
lectureship in chemistry at Cornell University). N.Y., 


McGraw-Hill Book Co., 1928. 
9 by 6 in., cloth. $2.50. 

This book contains the lectures delivered by the author during 
1926-7 at Cornell University. 

Excluding an interesting introductory on ancient and modern 
alchemy, these lectures fall into three groups. The first, and 
longest, group discusses the applications of radioactive elements 
as indicators in analytical and colloid chemistry, electrochemistry, 
inorganic chemistry, physics and technology. Group two deals 
with the preparation and properties of the volatile hydrides, and 
group three discusses the natural system of the chemical elements. 


164 pp., port., diagrs., tables, 


SCHALTBILDER IM WARMEKRAFTBETRIEB. 

By W. Stender. Berlin, V. D. I. Verlag, 1928. 27 
illus., 8 by 6 in., paper. 1,80 r. m. 

This little book presents a carefully planned set of symbols for 
use in representing power-plant machinery diagrammatically. 
Upon the basis of a few primary symbols, a complete system has 
been logically planned, which cares for all power-plant machinery 
and combinations. 
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STATISCHE Uu. DYNAMISCHE UNTERSUCHUNG VON MUNDUNGS- 
DAMPFMENGENMESSERN. 

By S. Kreutzer. (Forsehungsarbeiten auf dem Gebeite des 
Ingenieurwesens, No. 297). Ber., V. D. I. Verlag, 1928. 34 
pp., diagrs., tables, 12 by 8 in., paper. 4,50 r. m. 

Reports the results of an unbiassed investigation of two well- 
known models of steam flow meters, in which the intluence of 
their mechanical design upon their accuracy was determined and 
special attention was paid to their behavior when measuring 
rapidly alternating and pulsating currents. It was found that 
the usual forms of apparatus cannot measure pulsating currents 
satisfactorily. The investigations also clarified the influence 
exerted by the method used to transmit the difference in pressure 
to the indicating device. 

On the basis of the information obtained, a new meter was built 
and tested which gives both the difference in pressure and also 
the amount of flow through the throttling device in a given time. 
It also proved reliable for metering pulsating currents. 

The investigations are fundamental in character. The results 
ean be applied to other models than those tested. 


A TREATISE ON THE ANALYTICAL DyNaAMiCS OF PARTICLES AND 
Ricip BoprEs. 
By E. T. Whittaker. 3d edition. Cambridge, Eng., Univer- 
sity Press, 1927. [N. Y., Macmillan Co.]. 456 pp., 10 by 7 in., 
cloth. $8.50. 


A treatise intended mainly for the advanced mathematician. 
It collects into book form the outlines of a long series of researches 
seattered through many periodieals. Numerous examples for 
solution are given. 

The first fourteen chapters of this edition correspond closely 
to those in the second. The last two chapters, on the general 
theorv of orbits and integration by series, have been completely 
rewritten. 


UNTERSUCHUNGEN UBER DIE WASSERRUCKKUHLUNG IN KUNST- 
LICH BELUFTETEN KUHLWERKEN. 


By Friederich Wolff. Man. u. Bor., A. Oldenbourg, 1928. 
62 pp., diagrs., plates in pocket, tables, 11 by8in., paper. 9.-r.m. 

An experimental investigation of the laws governing the ex- 
change of heat between water and air in forced-draft cooling 
towers. The research was carried out in the mechanical labora- 
tory of the Charlottenburg Technical High School. 


WonLD OF Atoms; ten non-mathematieal lectures. 
By Arthur Haas. N. Y., D. Van Nostrand Co., 1928. 
pp., illus., 9 by 6 in., cloth. $3.00. 


The lectures printed in this volume were prepared for presenta- 
tion to general audiences and are intended to give the lav public 
an account of the achievements of modern atomic phvsies. 
The author has avoided mathematics and has tried, with unusual 
success, to be brief, yet thorough, and easily understandable. 
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Engineering Societies Employment Service 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 


ing with the Western Society of Engineers. 


The service is available only to their membership, and is maintained as a coop- 


erative bureau by contributions from the societies and their individual members who are directly benefited. 
O ffices:—31 West 39th St., New York, N. Y..—W. V. Brown, Manager. 
1216 Engineering Bldg., 205 W. Wacker Drive, Chicago, Ill., A. K. Krauser, Manager. 

57 Post St., San Francisco, Calif., N. D. Cook, Manager. 

MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 
period of three months and are renewable upon request. 


Names and records will remain in the active files of the bureau for a 
Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 15th day 


of the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 


members of the Societies concerned at a subscription of $3 per quarter, or $10 per annum, payable in advance. 
romptly as a result of publication in the Bulletin may be announced herein, as formerly. 


tions not filled 


Posi- 


VOLUNTARY CONTRIBUTIONS. — Members obtaining positions through the medium of this service are 
invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year’s salary: temporary positions (of one month or less) 


three per cent of total salary received. 


The income contributed by the members, together with the finances appropriated 


by the four societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp allached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


to the Employment Service as above. 


filled will not be forwarded. 


MEN AVAILABLE 


ELECTRICAL ENGINEER, 29, single, Swiss. 
Graduate Electrical Engineer of the Politechnical 
University. Zurich; European and American 
experience in design and layout of power plants 
and substations. Employed at present, desires 
new connection with consulting engineer. Speaks 
English, French and German. Excellent refer- 
ences. C-4254. 

ELECTRICAL ENGINEER, 33. Licensed 
professional engineer, versatile, resourceful, 12 
years’ varied experience construction, operation 
and maintenance; considerable appraisal experi- 
ence; has made physical inventory, conditioned, 
priced and edited engineering reports and apprais- 
als on steam and hydro-electric stations. sub- 
stations, transmission lines, distribution systems, 
gas, railway and industrial properties. Available 
immediately. salary commensurate. . B-3455. 

LICENSED PROFESSIONAL ELECTRI- 
CAL ENGINEER, 37, married: sixteen years’ 
broad experience in electrical design, construc- 
tion, and operation of power stations, substations; 
lighting and power for industrial buildings; 
office and experience in appraisal work: desires a 
new connection with an engineering organization 
or public utility. B-5393. 

CHIEF ELECTRICIAN, married, 33. Four- 
teen years’ practical experience with eight years 
technical business training in production problems 
and low cost maintenance. Can handle men and 
produce results. At present located with large 
electrical manufacturing company. Ser vices 
available on reasonable notice. C-4288. 

SALES ENGINEER, 26, married. One year 
Westinghouse Student course. Two years dis- 
trict office sales. Location, East or Middlewest. 
B-5699. 

TECHNICAL GRADUATE, 42, married, 
desires permanent position as Mechanical, 
Electrical, Industrial Engineer or Executive in 
large company having several plants. Proven 
executive power development. operation, utiliza- 
tion; also application to manufacturing. Experi- 
ence in textile, leather, paper manufacturing, 
design and fabrication of machinery. Seven 
years with General Electric Company. Now 
employed, desires change. A-1705. 

SALES ENGINEER, 28, American. Graduate 
Electrical engineer with four years' experience 
in power plant and substation construction and 
two years' successful experience as security sales- 
man. Would like to enter branch of the sales 
field where technical knowledge will be of value. 
Location preferred, East.  B-7038. 

ELECTRICAL ENGINEER. graduate, 34, 
married. Twelve years’ experience industrial 


electrical engineering and designing, such as paper 
mills and refrigerating plants. Five years’ 
experience in H. T. substation and power house de- 
sign construction. Prefer field job. Now en- 
gaged, available on short notice. B-5251. 


ELECTRICAL ENGINEER, 435, single. 
Degrees: B. A., Harvard: B. S. Electrical and 
Mechanical, Massachusetts Institute of Tech- 
nology. Three years teaching, two years power 
station, one year radio research and development 
experience. Desires position in radio or electrical 
research laboratory, near Boston, Mass. C-4275. 

SALES ENGINEER, graduate mechanical, 
radio and business college, 33, single: speaks 
several languages; extensively traveled Europe 
and Orient, Manchuria, India, Egypt: desires 
traveling or commercial or technical work, 
where his experience will be valuable. Location 
preferred, Far East or anywhere. C-3917. 

TECHNICAL GRADUATE, 32, married. 
Varied experience including testing, electrical 
laboratory, substation operation. Five years 
meter and test engineer large industrial plant. 
Three years design, calibration and repair with 
manufacturer electrical instruments. Salary sec- 
ondary to opportunity. Location, east of Missis- 
sippi river. C-4307. 

ELECTRICAL ENGINEER, 30, married. 
B. S. '26; over two years’ overhead distribution 
experience, estimating inspection and mainte- 
nance. Employed at present, large Eastern 
Utility. Desires connection with Public Utility 
preferably in California or Colorado. C-1629. 

ELECTRICAL DESIGNER, 33, single. Col- 
lege graduate desires position as Electrical 
Designer; eight years' experience in power plant, 
indoor and outdoor substation design. Familiar 
with transmission line design, switchboard speci- 
fications and wiring diagrams. Location, prefer- 
ably New York City. C-343. 

GRADUATE ELECTRICAL ENGINEER 
desires position with Public Utility or industrial 
firm. Two years Westinghouse Test; three 
years assistant to Electrical Engineer of Indus- 
trial firm; five years assistant to Superintendent 
of by-product coke and water gas plant. .B-8379. 

EXECUTIVE OH ELECTHRICAL ENGI- 
NEER, 40, married. 14 years’ experience 
covering design, construction and maintenance 
distribution and transmission systems, substa- 
tions and generating stations, equipment sales, 
purchases, statistics and special reports. Desires 
connection with Pbulic Utility or manufacturing 
concern. Southern or Central states preferred. 
B-9480. 

ELECTRICAL AND MECHANICAL ENGI- 
NEER, 34, married. Technical University gradu- 


ate. Five years’ experience in design and con- 
struction of power plants and substations. Two 
years responsible position with electrical railway. 
Three years Public Utility. Practical type of 
man. Speaks and writes French and German 
fluently; working knowledge Spanish. Ability 
to handle men. Employed at present, available 
on reasonable notice. C-4046. 

FOREMAN (UTILITY), 30, married. Ten 
years general utility work, commercial, also 
foreman and general foreman, construction, 
operation and maintenance; lines and substations. 
Has managed large substation district with little 
supervision. Good relations with employees and 
public. Location preferred, East. C-4110. 

ELECTRICAL ENGINEER, 30, nine years 
experience; power house and substation design 
consulting experience: engineering, operating and 
distribution department, estimating, large utility 
company. Westinghouse Test Course. Will give 
return for $3600, to start, in congenial position. 
C-4257. 

TECHNICAL GRADUATE, 24, single. In 
dustrial Electrical Engineer. 'Two and a half 
years laboratory work; also same line construction 
experience. Desires position as sales engineer 
or installation engineer. Willing to travel. 
Location, immaterial C-3818. 

CONSTRUCTION MANAGER, graduate, 
fifteen years' public utility experience, open for 
connection as construction manager, chief engi- 
neer, operating executive for operating company. 
Now in charge three and a half million dollar 
high-tension transmission line and substation 
project, nearing completion. Can bring complete, 
experienced organization, financial, clerical and 
technical, to handle construction force of 500 
men on power plant, transmission line, substation 
construction. A-2191. 

ELECTRICAL ENGINEER, 25, single. 
Technical graduate, has had experience at practi- 
cal, electrical work, Reliable, industrious, pleasing 
personality, willing to learn. Does not expect 
large salary, but desires work of a technical nature 
with good chances for advancement. C-4220. 

SALES ENGINEER AND EXECUTIVE; 
19 years' experience in engineering and sales 
work Technical training with extensive ac- 
quaintanceship in Washington, Oregon, Idaho, 
Utah and Montana. Desires connection as 
representative above territory. Highly success- 


ful sales record in the Northwest. Good pro- 
fessional and social connections. Married. 
Excellent personality, appearance, health. 


Resident Seattle. C-4337-83-C-3 San Francisco. 


ELECTRICAL ENGINEER, 34 /'single, degree 
E. E. Desires position with engineering concern 
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of public utility requiring executive ability. Ten 
years’ experience covering engineering. design and 
valuation of power plants, substations, trans- 
mission and distribution lines. Location, East. 
B-389. 
ELECTRICAL ENGINEER, 31, desires teach- 
ing position in electrical and related subjects, as 
assistant professor or instructor. Six years 
experience as a teacher of electricity, physics and 
mathematics: four years as electrical designer 
and consultant; at present head of electrical 
department of large industrial school. C-2893. 
ELECTRICAL DESIGNER, 28. single. Ten 
years’ experience on design of power and sub- 


Stations; also distribution systems. Desires 
position with public utility. Location, immaterial. 
B-8628. 


ELECTRICAL ENGINEER, 34, married. 
M. S. and E. E Eleven years’ experience in- 
cluding teaching, operating department public 
utility, industrial research and design.  Desires 
position having executive responsibilities with 
utility or industrial plant, where recognition is 
based on actual accomplishments. Location, 
anywhere, slight preference for West. B-7223. 


POWER, EXECUTIVE OR OPERATING 
ENGINEER, 26, single. Four years' practical 
experience; construction and maintenance, D. C. 
power and lighting One year substation opera- 
tion; one year sales engincer; two years receiving 
engineer, high power radio receiving station 
Desires opportunity to work into above. Loca- 
tion, South or Southeast, preferred. C-2940. 


ELECTRICAL AND MECHANICAL ENGI- 
NEER, 24, married. Graduate of 1925 with 
research experience on domestic and industrial 
oil-burners; technical and sales correspondence and 
specification work, 114 years. Research expe- 
rience on radio filters, voltage regulators, and power 
supplies 114 years. Desires connection with 
large, stable firm in sales or research department. 
C-570. 


ELECTRICAL ENGINEER, 36, married, 
University graduate. 14 years’ experience design- 
ing and supervising installation, operation and 
maintenance of industrial, coal mining and power 
plant equipment; A. C. and D. C. manual, 
magnetic and automatic control. Desires per- 
manent connection with opportunity for advance- 
ment. Location, immaterial. C-4322. 


ELECTRICAL ENGINEER, Hindu, 26, 
single. Technical graduate, American State 
University. Broad. varied experience through 
graduate student-enginecring course, big, Ameri- 
can public utility. Two years operation, main- 
tenance, construction, American steam, hydro 
power plants. Well acquainted American and 
Indian languages, customs, politics. Desires 
position in India with utility or manufacturing 
company. Indian and American references. 
C-4355. 

INSTRUCTOR, 31, married, graduate Elec- 
trical Engineer. Ten years’ active teaching 
experience, both lecture and laboratory, in voca- 
tional classes, high school, college. Especially 
qualified in communications, elementary theory, 
laboratory, both procedure and maintenance. 
Practical experience with manufacturing and 
utility companies. Desires college position. 
Now employed as instructor, public utility night 
school. C-1599. 

ELECTRICAL ENGINEER, 34, single; ex- 
perienced in testing and service departments of 
manufacturing company and design and con- 
struction of power houses, sub-stations, and 
switch yards; desires position in engineering 
department of public utility or holding company. 
Location preferred, East.  B-41575. 

ELECTRICAL ENGINEER, Filipino, from 
a well-known Middle West University, 25, special- 
ized in railway engineering, desires experience 
with some electrical railway concern and to 
represent them in the future ín his home country. 
Available at once. Location, New York or 
Philadelphia. C-3812. 


INSTITUTE AND RELATED ACTIVITIES 


ENGINEER, EXECUTIVE, MANAGER, 
graduate Electrical Engineer, married. 14 years’ 
experience, including wide experience in account- 
ing, design, sales, production, electrical procelain; 
manager of large plant for national corporation. 
Broad knowledge of engineering materials. 
Loyalty, initiative and record of assuming re- 
sponsibility is unquestioned. Interested in busi- 
ness and management of electrical specialty. 
Can organize, manager operations efficiently 
and economically. C-3679. 


ELECTRICAL SUPERINTENDENT. Con- 
struction, operation or maintenance, on utility, 
industrial or railroad. Graduate Electrical Engi- 
neer. Licensed in the State of New York. C-3467. 


RESEARCH ENGINEER, 26, single, A. B., 
S. M. in E. E., cooperative course Massachusetts 
Institute of Technology; two years General 
Electric Company, standardizing laboratory and 
research laboratory: two years instructor in E. E. 


department Massachusetts Institute of Tech- 
nology. Interested in communication work, 
particularly vacuum tues; familiar present 


practise, experienced high vacuum technique; 
good mathematical, theoretical training.  Desires 
research or development position along these 
lines. C-4364. 


ELECTRICAL ENGINEER, 26, graduate 
Electrical Engineer with 314 years' well-balanced 
practical experience in various electrical manu- 
facturing concerns desires position with a concern 
to develop into sales managership. Has initiative 
and ability. Excelleny references. Location, 
United States. C-2644. 

CHIEF ELECTRICIAN, 28, single, desires 
position as chief electrician. Four years’ experience 
in operation, maintenance and new construction 
work around industrial plant; also experienced 
on remote control work; some telephone work, 
parkway and lead cable, pottheads. Satisfactory 
references as to character, ability and ability to 
get things done. Available immediately. Loca- 
tion, immaterial. C-2101. 


ELECTRICAL ENGINEER, university gradu- 
ate, 34, married. Ten years’ experience, design. 
operation, maintenance, testing work of manu- 
facturing and public utility companies in United 
States and Europe. Speaks and writes German 
and French. Desires position with consulting 
engineer, public utility company or manufacturer. 
Would also consider representing American 
manufacturer in Europe, Germany. B-9189. 


GRADUATE ELECTRICAL AND ME- 
CHANICAL ENGINEER, 41, married with 
15 years' experience in various phases of industrial 
operating and engineering work, particularly in 
power applications. Desires position as Plant 
Engineer or work of a similar nature. Available 
June 15. Will go anywhere. C-4373. 


ASSISTANT EXECUTIVE of Department, 
with growing public utility or industrial company; 
graduate engineer, 32. Planning, estimating, 
budgeting, statistical, valuation, rate studies, 
production, operation, construction experience. 
B-9676. | 

TECHNICAL GRADUATE, 1922. Experi- 
enced in meter testing, electrical construction and 
maintenance. Location, immaterial. Available 
at once. B-746-4. 

SUPERINTENDENT OF PUBLICUTILITY 
PROPERTY in city of 50,000 or less, or assistant 
superintendent of larger property. 15 years’ 
experience in all phases of management and 
operation, commercial, engineering, Construction, 


etc. Graduate Electrical Engineer. Middle- 
west or South preferred. Available on reasonable 
notice. C-4378 


ELECTRICAL ENGINEER desires connec- 
tion leading to executive or managerial duties. 
Technical graduate with successful experience 
in organizing nationwide engineering service. 
Training would qualify for service in lines other 
then electrical. B-122. 

ELECTRICAL ENGINEER, 26, single, 1924 
graduate. 4 years’ experience in insulation re- 
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search in a laboratory of a large concern. Desires 
position with a public utility in which there is 
opportunity for advancement and broad experi- 
ence. Location preferred, United States. C-4386. 


RADIO ENGINEER, B. S. and E. E. degrees. 
Experience includes radio production test in 
factory, radio development, research, carrier 
current telephone operation and maintenance. 
radio interference investigations, teaching of 
radio and electrical vocational classes, radio 
merchandising: public utility engineering. Would 
consider radio research, public utility work, sales 
engineering. along general lines of above experi- 
ence. C-4347. 


ELECTRICAL DRAFTSMAN, 24, single, 
desires position on power station or power dis- 
tribution work. Experience in South America: 
speaks Spanish; best references. Location, New 
York City or South America. C-4382. 


SENIOR IN ELECTRICAL ENGINEER- 
ING, of the graduating class of an Eastern Col- 
lege desires connection leading to executive or 
managerial duties. Experience: one-half year 
Crocker Wheeler motor test and assembly: 
one year General Electric Test. C-4393. 


ELECTRICAL ENGINEER, 34, experienced 
in industrial maintenance, layout and construc- 
tion. Eight years wire and cable test and 
manufacturing experience; some production and 
motor repair shop training: desires opportunity 
to prove ability. B-920. 

EXECUTIVE with broad business and manu- 
facturing experience desires connection. Has 
successfully held position of engineer. assistant 
to president, general manager in charge of manu- 
facturing and commercial business, director 
of sales and engineering and executive vice- 
president. Widely traveled, good connections 
and best of references. C-4357. 


PROFESSOR of Electrical Engineering or 
physics interested also in suitable industrial 
work. Has Ph.D. in physics and electrical 
engineering, about seven years’ teaching experi- 
ence and three years’ industrial experience. 
C-3414. 


ELECTRICAL SUPERINTENDENT, 39, 
married. Technical graduate steam and electri- 
cal engineering; 15 years' experience hydro- and 
steam power plants, construction, operation, 
maintenance, substations, distribution, electric 
railways, and industrial mill requirements. La» 
cation preferred, mild climate. C-346. 


POWER PLANT ECONOMY ENGINEER. 
A. S. M. E. and A. I. E. E., 26, single. Two 
years of general shop work, such as foundry, 
machine shop, forging and heat treatment, etc. 
Two years of general power plant experience. 
such as assembly and testing of steam and oil 
engines; turbines. their operation and mainte- 


nance; sub-station operation, ete. Location. 
California or anywhere. C-3978. 
RECENT GRADUATE, S.B. in E E. 


Massachusetts Institute of Technology. 1927, 
honor graduate. 22, single. desires a position either 
in engineering or teaching field. One vear's 


teaching experience in large Northwestern 
University. Good habits, honest, conscientious, 
excellent references. Location, immaterial. 


Available June 15th. |. C-3550. 

ELECTRICAL ENGINEER, 25, single, gradu- 
ate, Scandinavian. Experience four years: 21!4 
in operation of sub- and power stations and indus- 
trial service abroad; 1!4 years with electric railway 
company in United States. Knowledge of 
design and drafting. Thorough education. Lo- 
cation, immaterial | C-3764. 


ELECTRICAL ENGINEER, 2S8, married. 
Graduate Bliss Electrical School. Two years 
assistant stationary engineer; one year as station- 
ary engineer, manufacturer: 31, years Westing- 
house Test; 114 years design large power trans- 
formers. Desires position with Public Utility 
with opportunity for expanding. Location, 
immaterial. C-3073. 
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MEMBERSHIP — Applications, Elections, Transfers, Etc. 
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RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its meeting of 
April 4, 1928, recommended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should be filed 
at one with the National Secretary. 


To Grade of Member 


BAUHAN, OSCAR, Engineer, Public Service 
Elec. & Gas Co., Newark, N J. 

BRODSKY, Designer, United Elec. Lt. & Pr. 
Co., New York, N. Y. 

BUTTERWORTH, RUSSELL I., General Supt., 
Bristol Gas & Elec. Co., Bristol, Tenn. 
CHARTIER, HAROLD 8., Division Engineer, 
N. Y. Power & Light Corp., Gloversville, 

N. Y. 

CLARK, WALTER JOHN, Engr. of Equipment 
and Maintenance, General Elec. Co., Pitts- 
field, Mass. 

DOLPH, NORMAN L., Transmission Engineer, 
Stevens & Wood. Inc., New York, N. Y. 
EDWARDS, PAUL G., Telephone Engineer, 

American Tel. & Tel. Co., New York, N. Y. 

EVANS, JAMES M., Electrical Engineer, Board 
of Fire Underwriters. Los Angeles, Calif. 

FAIRMAN, F. B., Switchboard Specialist, 
General Electric Co., Pittsburgh, Pa. 

FALL. C. B., Sales Engineer and Owner, C. B. 
Fall Company, St. Louis. Mo. 

FELDMANN, WALTER H., Director of Sales, 
Electrical Machinery Mfg. Co., Minneapolis, 
Minn. 

FOLLINE, W. B., Switchboard Engr., General 
Elec. Co., Dallas, 'Texas. 

FORD, FRANK R., Asst. Engr. of Electrical 
Design, Philadelphia Elec. Co., Philadelphia, 
Pa. 

GILLIAM, MARION W., District Manager, 
West Virginia Engg. Co., Williamson, W. Va. 

GILSON, WESLEY J., General Supt. of Pr. and 
Const., N. Y. Power & Light Corp.. Schenec- 


tady, N. Y. 

GOLDHAMMER, MAX H., Sales Engr. 
Industrial Dept., General Elec. Co., New 
York, N. Y. 


GOODWIN, WALTER C.. Section Engineer, 
Westinghouse E. & M. Co., E. Pittsburgh, 
Pa. 

GRAF, FRANK G , General Engr.. Westinghouse 
E. & M. Co., New York, N. Y. 

HEARN, GEORGE K., Service Engr., West- 
inghouse E. & M. Co., New York, N Y. 
HONEGGER, ARNOLD, Asst. Director, Busi- 

ness Research Corp., Chicago, Ill. 

HUDSON, WILLIS F., Director of Engg. 
Research, The Hoover Co., North Canton, 
Ohio. 

INAGAKY, TADA Y., President, T. Y. Inagaky 
& Co.. Tokyo, Japan. » 

JACOBI, EDWARD N., Chief Engineer, Briggs 
Stratton Corp., Milwaukee, Wis. 

LeCLAIR, GIFFORD., Partner in firm of 
Densmore, LeClair & Robbins, Boston, Mass. 

McFARLANE, MAYNARD L. D., Manager, 
Bartlane Dept., N. Y. Daily News, New 
York, N. Y. 

METZNER, MAXWELL W., Asst. to Super- 
visor of Tests, General Elec. Co., Erie, Pa. 


MOLLER, THURE HB, Electrical Designer, 
Gibbs & Hill, New York, N. Y. 
MYERS ALEXANDER M. Elec. Engr., 


Standard Underground Cable Co., Pitts- 
burgh, Pa. 

NIMS, ALBERT A., Associate Prof. of Elec. 
Engg., College of Engineering, Newark, N. J. 

OSTERLE, WILLIAM HENRY, Division Engi- 
neer, West Penn Power Co., Connellsville, 
Pa. 

PATTON, RALPH C., President and Manager, 


Patton-MacGuyer Co., Providence. R H. 
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RAH, JOSEPH, Chief Engineer. 7780 Dante Bell, F. A., Jr., Mississipppi Power & Light Co., 


Ave., Chicago, Ill. 

REQUE, STYRK G.. Chief Engineer, Penn. Pr. 
& Lt. Co., Allentown, Pa. 
ROHRBACH, FRANKLIN L., 
Engr.. Washington Water 

Spokane, Wash. 

RYMER, DONALD H., Telephone Engineer, 
American Tel. & Tel. Co., New York. N. Y. 

SCHUCH, LELAND 8., Elec. Engr., Colorado 
Portland Cement Co., LaPorte, Colo. 

SEELEY, WAL'TER J., Associate Prof. of Elec. 
Engr., Duke University, Durham, N. C. 

SHARPE, CLARENCE B., District Operating 
Engr., Hydro Electric Pr. Comm. of Ontario, 
Toronto, Ont., Canada. 

SNOOK, WARD H., Consulting Engr., 40 West 
Gay St., Columbus, Ohio. 

SWIFT, HERBERT A. 
Toronto Hydro Electric 
Ont., Canada. 

TAYLOR, DONALD W., Asst. Elec. Engr., 
Public Service Production Co., Newark, N. J. 

TERRY, FRANCIS M., Chief Asst. to Rate 
Engr.. New York Edison Co. New York, 
N. Y. 

THOMPSON. FRANCIS R., Railway Engr, 
Westinghouse Elec. & Mfg. Co.. E. Pitts- 
burgh, Pa. 

TOWNSLEY, FREELAND P., General Super- 
visor of Equipment Practices, Western Elec. 
Co., Kearny, N.J. 

Van VEEN, JOHN, Chief Operator, Elec. Prod. 
Dept., Union Gas & Elec. Co, Cincinnati, 
Ohio. 

WAHLBERG, NILS A., Section Engineer, 
Westinghouse E. & M. Co., Derry, Pa. 

WALDINGER, HENRY, Elec. Engr, and 
Master Electrician, Press Publishing Co., 
New York, N. Y. 

WARREN, WILLIAM H.. Equipment Engineer 
for Spain. International Tel. & Tel. Corp., 
Madrid, Spain. 

WIMMER, JOSEPH. Transmission Engineer, 
Pacific Tel. & Tel. Co.. Spokane, Wash. 
WINEGARTNER, CARL E., Elec. Engg. Dept., 

Cleveland Elec. Illum. Co., Cleveland, Ohio. 


Maintenance 
Power Co. 


Chief Estimator, 
System, Toronto, 


WINTERHALTER, THEODORE S, Asst. 
Engr., Public Service Prod. Co., Newark, 
N.J. 


WOOTTOON, THOMAS W., Senior Designing 
Engr., Duquesne Light Co., Pittsburgh, Pa. 


WRIGHT, GEORGE I.. Engineer Electric 
Traction, Reading Co., Philadelphia, Pa. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for ad- 
mission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before May 31, 1928. 


Allen, R. W., Georgia 
Atlanta, Ga. 

Almquist, C. T., Colorado Agricultural College, 
Fort Collins, Colo. 

Appleton, F. W., (Member), New York Telephone 
Co., New York, N. Y. 

Archer, E. G., Ontario Hydro-Electric Com- 
mission, Toronto, Ont., Can. 
(Applicant for re-election.) 

Baker, T. S., Radio Corp. of America, Bolinas, 
Calif. 

Balp, E., General Electric Co., Pittsfield, Mass. 

Belinge, R. A.. East Bay Cities Rate Dept., 
Oakland, Calif. 


School of ‘Technology, 


Jackson, Miss. 

Bird. B., Westinghouse Elec. & Mfg. Co., East 
Springfield, Mass. 

Boothe, M. C., Western Electric Co., Chicago, ll 

Bourland, L. T., University of Illinois, Cliam- 
paign, Ill. 

Bowen, R. G., Bell Telephone Laboratories ,Inc., 
New York, N. Y. 

Brand, C. R., Buffalo Electric Co., Buffalo N. Y. 

Brane, M. DeF., Atmospheric Nitrogen Co., 
Solvay, N. Y. 

Buss, C. W., Public Service Co. of No. Illinois, 
Evanston, Ill. 

Carpenter, E. M., Milestone Electric Light Works, 
Milestone, Sask., Can. 

Clement, C. W., Hydro-Electric Plant, Bridgeport, 
Calif. 

Cline, H. D., Mountain States Tel. & Tel. Co., 
Bozeman, Mont. 

Coleman, J. F., Champion Fibre Co., Cantoh, 
N.C 

Connell, A. C., Commonwealth Power Corp., 
Jackson, Mich. 

Cowling. D. R. G.. Canadian National Telegraphs, 
Toronto, Ont., Can. 

Daugherty, J. E., Bear Valley Utility Co., Los 
Angeles, Calif. 

Dennis, R. E., Columbia Engg. & Management 
Corp , Cincinnati, Ohio 

Dietz, W. F., Westinghouse Elec. & Mfg. Co., 
Washington, D. C. 

Dreischmeyer, E. S., San Joaquin Light & Power 
Corp., Fresno, Calif. 

Eckert, C. C., National Lamp Works, G. E. Co., 
Nela Park, Cleveland, Ohio 

Engelbrecht, H. K., Southern Sierras Power Co., 
Riverside, Calif. 

Erskine, A. J., Milwaukee Electric Railway & 
Light Co.. Milwaukee, Wis. 

Faust, C. W. H., General Electric Co., Philadel- 
phia, Pa. 

Fox, R. O., Regina Dental Laboratory, Regina, 
Sask., Can. 

Glenn, T G., General Electric Co., Chicago, Ill. 

Grossman, M. L , American Machine & Foundry 
Co., Brooklyn, N. Y. 

Haggart, G. J., Canadian General Electric Co., 
Peterboro, Ont., Can. 

Harvey, L. B., Porcelain Insulator Corp., Lima, 
N. Y. 

Heard, R. P., 34 Harold Ave., San Francisco, 
Calif. 

Hoffman, J. P., Jr., Bell Telephone Laboratories, 
Inc.. New York, N. Y. 

Howard, C. G., Fansteel Products Co., North 
Chicago, Fl. 

Hu, Zai-Hsiang, New Jersey Bell Telephone Co., 
Newark, N. J. 

Hyatt, W. R., Canadian General Electric Co., 
‘Toronto, Ont., Can. 

Johnson, E. D., (Member), Bell Telephone 
Laboratories, Inc., New York, N. Y. 

Jones, A. L., Fostoria Glass Co., Moundsville, 
W. Va. 

Kelly, E. J., New York Light & Power Co., 
Glens Falls, N. Y. 

Kern, B. B., Penn. Power & Light Co., Danville, 
Pa. 

Kirkpatrick, P. W., Elec. Engr. with H. S. Sands, 
Denver, Colo. 

Koerner, C. A., Delta-Star Electric Co., Chicago, 
Ill. 

Krudop, H. F., General Electric Co., Fort Wayne, 
Ind. 

Kushlan, M., (Member), Stone & Webster, Inc., 
Boston, Mass. 

Laird, A. M., Scranton Electric Co., Scranton, Pa. 

Ludwig, L. R., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 
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MacBurney, A. C., New York Power & Light 
Corp., Amsterdam, N. Y. 

Marzulli, A. M., University of Cincinnati, Cin- 
cinnati, Ohio 

Mathis, A. B., Atchison, Topeka & Santa Fe 
Railway Co., Los Angeles, Calif. 

Maynard, H. M., (Member), Brooklyn Edison 
Co., Brooklyn, N. Y. 

McAfee, H. E., (Member), Mountain States Tel. 
& Tel. Co., Denver, Colo. 

McCloskey, D. J., Consulting Engineer, Salem, 
N. J. 

McDonald, R., Weston Electrical Instrument 
Corp.. Waverly Park, Newark, N. J. 

MeJilton, D., Electrical & Radio Equipment Mfg., 
Chicago, Ill. . 

MeWhan, B., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Miller, C. I. Industrial Brownhoist Corp., 
Cleveland, Ohio 

Morris, R. M., (Member), Mountain States Tel. 
& Tel. Co., Denver, Colo. 

Mulbacher, L. J., Western Electric Co., Chicago. 
Il. 

O'Clare, A. R., Cuba Mail S. S. Co., New York, 
N.Y. 

Ogden, F. P.. (Member), Mountain States Tel. 
& Tel. Co., Denver, Colo. 

Peck, J. M., Porcelain Insulator Corp., Lima, 
N. Y. 

Penzickes, O., Westinghouse Elec. & Mfg. Co., 
East Pitteburgh, Pa. 

Perry, E. H. Worcester Electric Light Co., 
Worcester, Mass. 

Perry, G. E., Johna Manville Corp., Manville, 


N. J. 

Pethick, F. C., D. L. & W. R. R. Co., Scranton, 
Pa. 

Philips, J. H., (Member), Oklahoma Gas & 


Electric Co., Oklahoma City, Okla. 

Pickell, C. A., General Railway Signal Co., 
Rochester, N. Y. 

Reid, F. H., (Member), Mountain States Tel. & 
Tel. Co., Denver, Colo. 

Reid, R., (Member), Mountain States Tel. & 
Tel. Co., Denver, Colo. 

Rextrew, W. C., General Electric Co., Phila- 
delphia, Pa. 

Rowdabaugh, 8. ©., Byllesby Engineering & 
Management Corp.. Pittsburgh, Pa. 

Ruckagauer, A. E., Electric Bond & Share Co., 
New York, N. Y. 

Ruis, A. R., Consulting Engineer, Havana, Cuba 

Rutherfurd, G. R., So. California Telephone Co., 
Los Angeles, Calif. : 
(Applicant for re-election.) 
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Schoenfeld, L. W., Philadelphia Electric Co.. Berry, Wayne S., Worcester Polytechnic Inst. 


Philadelphia, Pa. 

Schultz, J. O., Omaha Council Bluffs St. Railway 
Co., Omaha, Nebr. 

Schwarzler, C., Jr., Protective Fuse & Plug Corp., 
Passaic, N. J. 

Seymour, N. F., Hydro-Electric Power Com- 
mission, Toronto, Ont., Can. 

Smith, F. J., University of Minnesota, Minne- 
apolis, Minn. 

Smith, M. W., Tri-State Tel. & Tel. Co., St. Paul, 
Minn. 

Stanley, G. W., Frazee Organ Oo., Everett, Mass. 

Switzer, R. H., Canadian General Electric Co., 
Toronto, Ont., Can. 

Taylor, H. L., Department of Public Works, 
Vancouver, B. C. 
(Applicant for re-election.) 

Traub, L. A., Home Tel. & Tel. Co., Spokane, 
Wash. 

Travers, J. E., Pratt Institute, Brooklyn, N. Y. 

Weichel, P. F., Scranton Electric Co., Scranton, 
Pa. 

Wiegand, F. J., Dept. of City Transit, City of 
Philadelphia, Philadelphia, Pa. 

Young, H. E., Scranton Electric Co., Scranton, 


Pa. 
Total 91. 
Foreidn 
Andrews, R. C. P., Otago Electric Power Board, 
Dunedin, N. Z. 


Bobrovsky, L. S., Svir Hydro-Electric Develop- 
ment, Svirstroi, Russia 

Cave, P. W., Macintosh Cable Co., Ltd., Walton, 
Liverpool, Eng. 

Chinoy, P. N., Empress Mills, Nagpore, C. P. 
India 

Clark, J. G., Cathcart Municipality, Cathcart, 
So. Africa 
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NEW CATALOGUES AND OTHER .PUBLICATIONS 
Mailed to interested readers by issuing companies 


Switchboard Devices.— Bulletin GEA 940, 16 pp. Describes 
G-E switchboard devices and standardized panel and benehboard 
pipe fittings. General Electric Company, Schenectady, N. Y. 

Motor Generator Sets.—Bulletin 450, 12 pp. Describes 
a line of motor generator sets for various requirements. Price 
list is included. A few of the applications include battery 
charging, emergency lighting, welding, electroplating, and motion 
picture projection. Roth Brothers & Company, 1400 W. Adams 
Street, Chicago, Ill. 

Potheads and Distribution Specialties.—Catalog 27, 

comprises bulletins on the complete G & W line of potheads, 
boxes, vault units, oil switches and distribution specialties. 
Installation instructions, photographs and other useful infor- 
mation are conveniently arranged. G & W Electric Specialty 
Company, 7780 Dante Avenue, Chicago, Ill. 
' Motor Starters.— Bulletin 112, 12 pp. Describes Therma- 
load starters, comprising standard Monitor magnet contactors 
mounted on panels with thermal relays and enclosed in steel 
cabinets arranged for conduit wiring. Positive protection to 
polyphase and single-phase motors, both while starting and run- 
ning, is claimed for this starter. Monitor Controller Co., 55 Gay 
Stteet, Baltimore, Md. 

Portable Compressors.— Bulletin, 140 pp., entitled ''100 
and 1 Ways to Save Money With Portable Compressors.”’ 
This two-color book contains a great variety of comparative 
cost data, as well as three hundred interesting photographs. 
It shows the savings that can be effected by using portable air 
compressors and air-operated tools on construction and mainte- 
nance work. Ingersoll-Rand Company, 11 Broadway, New York. 

Asbestos Insulated Wires and Cables.— Bulletin. De- 
eribes an asbestos and varnished cambric insulated switchboard 
wire with a smooth outer cotton braid. This wire is one of 
several types described in the ‘‘Rockbestos Switchboard Wires 
and Cables" bulletin. Two other new bulletins are "Rock- 
bestos A. V. C. Cables" (asbestos and varnished cambric). 
The most exhaustive of the three is the 'Rockbestos Wires and 
Cables" bulletin which contains the standard specification’ for 
all Roekbestos insulated wires and cables as to the quality of the 
eopper, the asbestos and the method of impregnating, testing 
and inspecting. Roekbestos Products Corporation, New Haven, 
Conn. 


NOTES OF THE INDUSTRY 


The Minerallac Electric Company announces that after the 
first of May all business will be transacted in its new office and 
factory building at 25 North Peoria Street, Chicago, Ill. 

The Wagner Electric Corporation, St. Louis, Mo., 
announces the removal of its New York City branch sales office 
from 50 Church Street to suite 1110, 30 Church Street. The 
New York City service station remains at 321 West 54th Street. 

The Rockbestos Products Corporation, New Haven, 
Conn., has appointed C. Dent Slaughter as its Pacific Coast 
representative, with offices at 314 Twelfth St., San Franeiseo; 
324 N. San Pedro St., Los Angeles; 200 N. 13th St., Portland 
and 1108 Post St., Seattle. 

General Electric Sales.—According to President Gerard 
Swope, the General Eleetrie Company's sales billed for the first 
three months of 1928 amounted to $71,640,790.40, as compared 
with $72,474,474.03 for the corresponding period last year. 
Profit available for dividends on common stock for the first 
quarter of 1928 was $11,261,842.71 compared with $11,028,143.96 
for the same three months last year. 

New Matthews Fuswitch.—The W. N. Matthews Corpo- 
ration, of St. Louis, manufacturers of Matthews Fuswitches, 
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serulix anchors, reels, slack pullers, ete., announces a new open 
type Fuswiteh which has been designed for rural and farm 
lighting and railroad use to meet the demand for a dependable 
open type Fuswitch of high rupturing capacity to sell at a low 
price. This new Fuswitch is known as the 1317 Matthews 
Fuswiteh with a rating of 100 amperes and 7500 volts. It isa 
vertical, open type switch especially designed for 6600 and 6900 
volt service, and adaptable to 2300 and 4400 volt service. In 
addition to being well suited for rural and farm lighting, it is 
very adaptable to railroad use where a switch is needed with 
firm contacts of low resistance that guard against current losses 
and radio interference. 

Personnel Changes in Hubbard & Company Organi- 
zation.— Announcement has been made by C. L. Peirce, Jr., 
vice-president in charge of the electrical materials business of 
Hubbard & Company, Pittsburgh, manufacturers of Hubbard 
pole line hardware and Peirce construction specialties, of the 
following organization changes: Joseph V. Smith, formerly 
Pacific coast manager, has been made eastern manager in charge 
of the Pittsburgh plant and the territory served by it. W. R. 
Pounder continues as central manager in charge of the Chicago 
plant and the territory it serves. Norris C. Husted, formerly 
manager of the Niles plant, has been made Pacific coast manager 
in charge of the Emeryville, California; plant and the Pacific 
Coast territory. Wallace W. Glosser, formerly sales manager 
of the Verona Tool Works, has been made New York district 
sales manager with headquarters at 30 Church Street, New York, 
N. Y.; Thomas J. Farrell, formerly sales manager of the Uni- 
versal Sales Company, has been made special representative in 
the New York district. Two large additions to the Pittsburgh 
plant are nearing completion and it is the intention during May 
to move the Niles operation to Pittsburgh. 

Germany World’s Largest Exporter of Electrical 
Products.—Germany has now become the world’s foremost 
exporter of electrical equipment, outdistancing both the United 
States and Great Britain, a trade bulletin just issued by the 
Commerce Department reveals. Up until last year the electrical 
manufacturers of these three countries were running a neck 
and neck race for the leadership in the exporting field with the 
United States having a slight advantage. During 1927, how- 
ever, the German industry forged to the front, total shipments 
to foreign markets reaching a value of $120,000,000 as compared 
with $102,000,000 for the United States and approximately 
$80,000,000 for Great Britain. 

The basis of Germany's advance in electrical exporting, ae- 
eording to the bulletin, rests on the priee faetor. In the matter 
of such appliances as lighting fixtures, switches, ete., the German 
producers do not attempt to turn out a finished product such 
as is the practise in the United States and the material is as a rule 
much lighter. The larger items, such as turbines, generators 
and motors are of excellent manufacture, but because of much 
lower labor costs these ean also be sold at prices under American 
quotations. 

Germany’s electrical products, the report discloses, are shipped 
to every part of the world, although its best customers are in 
Europe. The Netherlands is Germany’s largest customer for 
electrical lines, followed by Great Britain, Russia, Argentina, 
Sweden and Italy. In 1927 shipments of German electrical 
items to the United States were valued at about $2,000,000, 
about 2 per eent of Germany's total exports. 

The German electrical industry, aceording to the report, is 
apparently in a very prosperous eondition. It is strongly 
entrenched in the foreign field and that its position there will be 
eonsolidated or, at least. that an effort will be made in that 
direction, is evidenced by the fact that there is a decided tendency 
to pool forces among German manufacturers. 
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The Summer Convention 
at Denver, Colo. 


For many years the A. I. E. E. Summer Conventions 
have presented programs in which the technical fea- 
tures and the entertainment and social features have 
been pretty evenly balanced, and the program of the 
Denver Convention, printed in this issue, is no excep- 
tion to this rule. The advantage of acquaintantship 
and social intercourse among the membership is 
obvious and was recognized when the Board of Directors 
many years ago ruled that the technical sessions at 
Summer Conventions should be confined to the morn- 
ings, leaving the balance of each day for entertainment 
and amusements. 

No better selection of a convention place than Denver 
could be made for affording an opportunity to combine 
business and pleasure. Surrounded by some of the 
most celebrated scenic resorts in the country, those who 
attend the Denver convention will be able, with but 
little additional travel and expense, to combine the 
benefits of an interesting technical convention with a 
delightful vacation excursion. | 


Progress of the New 
Publication Policy 


Five months have elapsed since the changes in the 
form of Institute publications, authorized by the Board 
of Directors last December, have been in effect, and 
sufficient experience has been gained in this period of 
time to indicate that the present plans are functioning 
with a gratifying degree of efficiency. We refer of 
course to the four page abridgments in the JOURNAL, 
the free distribution of complete pamphlet copies, and 
the QUARTERLY TRANSACTIONS. For the first half of 
1928 we are publishing a greater volume of papers than 
in any previous similar period in the history of the 
Institute, but in spite of this increase in the amount of 
material published the JOURNAL has been held down 
to a reasonable size, all demands for complete copies 
have been met, and no papers have been crowded out 
of the TRANSACTIONS for lack of space; and this has 
been accomplished without exceeding the pro rata 
share to date of our publication appropriation. 

The demand for advance copies has reached about 
four hundred per month, which is somewhat less than 
was anticipated. If this number really indicates the 
number of members interested in receiving copies of 
complete papers the use of the shorter abridgments 
printed in the JOURNAL is certainly justified. The 
difference in cost of supplying a few hundred pamphlets, 
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and of printing the complete papers in a 25,000 edition 
of the JOURNAL is readily apparent. 

One decided advantage exists in the case of the" 
QUARTERLY TRANSACTIONS, however, and that is the 
promptness with which the complete papers and discus- 
sions ean bepublished. The second QUARTERLY which is 
now being mailed contains the entire program of this 
year's Winter Convention except one paper by foreign 
authors. This volume is available for reference pur- 
poses less than four months after the close of the con- 
vention, whereas, in case of the annual volume, which. 
has generally been distributed in September of the 
following year, the same Winter Convention program 
would not have been available until nineteen months 
after the convention. 


Some Leaders 
of the A. I. E. E. 


William Slocum Barstow, Vice-President of the Insti- 
tute 1903-1905 and one of its Managers for three succes- 
sive years immediately preceding that period, was born 
in Brooklyn, New York, February 1866. He was grad- 
uated from the Adelphi Academy in 1883 and from 
Columbia University in 1887, with a degree of B. A. 
That same year, he entered the employ of the Edison 
Machine Works at Schenectady, but resigned in 1889 
to connect with the Edison Electric Illuminating 
Company of Brooklyn, becoming successively its 
assistant superintendent, superintendent, chief engineer 
and, ultimately, general manager in 1901. In this 
capacity, Mr. Barstow was very active in the engineer- 
ing field and one of the leaders in the expansion of the 
industry, devising apparatus and methods for meeting 
the demands of rapidly growing central station systems. 
For many years he served as secretary, then as treasurer 
and a member of the executive committee of the Asso- 
ciation of Edison Illuminating Companies. He also 
was a prolific contributor to technical literature, chiefly 
in the field of illumination and papers before the Asso- 
ciation of Edison Illuminating Companies. 


He was chosen a member of the U. S. Government 
Committee on the Super-Power System for the Eastern 
States and of the Jury of Awards of the Pan-American 
Exposition at Buffalo. He has served also on many 
other committees of commercial and technical purpose. 
Mr. Barstow was a leader in appreciating the applica- 
tion of the storage battery as an invaluable auxiliary 
to securing the maximum guarantee of continuity of 
service in Edison d-c. systems of distribution; in fact, 
a number of patents for storage battery boosters are 
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to his credit, as are a number of patents for a two-rate 
meter, clock switches, etc., etc. 

Much of the pioneer work in the development of the 
present system of power generation in large central 
stations, high-tension alternating current, transmission 
by high-tension cables to substations, and the con- 
version and transformation by transformers and con- 
verters to direct current for application in the 
low-tension d-c. distributing system was accomplished 
. by him. 

Resigning from the Brooklyn Edison Company, Mr. 
Barstow entered into a consulting practise, later 
organizing W. S. Barstow & Company, engineers and 
financial and operating managers of public utilities, with 
Mr. Barstow, a farsighted and successful executive, 
at its head. He is also president of the General Gas & 
Electric Corporation and fourteen of its subsidiary 
operating properties, as well as a director of many other 
representative corporations. 

Mr. Barstow is active in civic fields as well, devoting 
much of his attention outside of business and personal 
interests to local government affairs as mayor of the 
Village of Kings Point, Great Neck, New York. 


Michigan's First 
Lighted Airway 

Michigan’s first lighted airway—from Detroit to 
Cleveland—is under construction and should be ready 
for operation within a short time according to a re- 
cent announcement made by the Michigan Public 
Utility Information Bureau at Ann Arbor. It is the 
initial section of a system of beacon-marked aerial 
pathways that will within a few years, it is expected, 
connect all the leading cities of the lower part of the 
state with each other and with the remainder of the 
country. 

The lighted airway runs from Toledo to Detroit 
by way of Monroe. Installation of the beacons is 
under the direction of the Airways Division of the 
Bureau of Lighthouses, U.S. Department of Commerce. 
When put into service they will be maintained by the 
Bureau of Lighthouses, with current furnished to 
three of them by The Detroit Edison Company, to 
one by the Toledo Edison Company, and to one by the 
Ford Company. e 

The airway will conform to the standard set by the 
Department of Commerce, which calls for lighted 
intermediate landing fields at 30 miles intervals and 
beacon lights at 10 miles intervals between these 
fields. The intermediate landing field is being estab- 
lished one mile west of Monroe. It will have a beacon 
and about 30 green lights to mark the limits of the 
field. Lights probably will be placed also, on ob- 
structions near the field. One beacon light will be 
on the Newport road one-half mile from "Telegraph 
Road, one on the Ford water tank at Rockwood, and 
one near Eureka and Telegraph Roads. The Detroit 
end of the airway will be the Ford Airport at Dearborn. 

The beacons and field, it is announced by the Airways 
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Division of the Bureau of Lighthouses, wil be kept 
lighted from dusk to dawn every night of the year 
"to the end that night flying may be accomplished 
with maximum safety to pilots and passengers." 
The airway is established under the Air Commerce 
Act for encouraging and fostering commercial aviation. 
This act provides, among other things, for the con- 
struction and maintenance by the Department of 
Commerce of a system of airways, which, when com- 
pleted, will link together all the principal cities of the 
United States in a network of aerial routes. 

Various cities of Michigan are looking forward to the 
time when the lighted airways will] be extended to them. 


‘Consumers Power Company has been asked to con- 


sider the matter of beacon and landing lights for airports 
at Jackson, Saginaw, and Muskegon. Preparations 
along this line will be greatly encouraged by the actual 
establishment of Michigan's first lighted airway.— 
Transactions I. E. S. 


A Correction 


To the Editor: 

In the May number of the Institute JOURNAL you 
have published under the head of "Leaders," a sketch 
of my activities, at which I am much gratified. How- 
ever a eurious mistake has occurred as to my birthplace. 
It is given as Victoria, Canada, whereas it should have 
been Victor, Ontario County, New York. I am proud 
of having been born in the greatest State of the Union 
of a great nation and it is a distinction I wish to 
preserve. | 

The account speaks of my six generations of New 
England stock. It might be of added interest that I 
am descended from John Foskett, who came from 


Bristol, England, to Charlestown, Mass. about 1653. 


His great grandson John Foskett, Jr. resided in West- 
minister, Mass. from 1755 to 1796 and was active in the 
township's affairs prior to and during the Revolution. 
His son Samuel of Colerain, Mass., had the family 
name changed by Act of the Legislature of the State of 
Massachusetts in 1820 from Foskett to Bradley. 


My mother was the eldest daughter of H. V. B. 
Schenck, the son of Capt. John Schenck, of the Revolu- 
tion, and the great grandson of Roloef Schenck of 
Flatlands in South Brooklyn. He built of ship timbers 
the house which is said to be the oldest house in the 
state of New York. Roloef Schenck came to the shores 
of Jamaica Bay about 1650, and afterwards was 
magistrate of New Amersfurst now Flatlands. 

Yours truly, 
CHARLES SCHENCK BRADLEY 
May 21, 1928. 
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In ordering pamphlet.copies of papers abridged in the 
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issue. Check copies desired, fill in Name and Address, 
tear out form and mail as directed. 


Superimposed High-Frequency Currents 


for Circuit-Breaker Control 
BY LEON R. LUDWIG: 


Applicant for Membership 


Synopsis.—On railway or polyphase power systems having a 
multiplicity of parallel lines, there are unique possibilities in 
superimposing on the lines a frequency of the magnitude of 500 
cycles, (together with the consequent apparatus), to gain selective 
protection under all fault conditions. The principle suggested 18 to 
measure the impedance of the power system with 500-cycle current 
and high-frequency relays, so placed that under abnormal conditions, 
the impedance of a faulty line, as measured by the relays protecting 
that line only, is su ficiently low to cause circuit breaker operation. 

The advantages of such a protective system would be: 

1. Perfect selectivity between parallel power lines, such that a 
faulty line may be isolated without disturbing other lines. 


THE CIRCUIT-BREAKER CONTROL PROBLEM 


NY relay or other type of apparatus called on to 
automatically control circuit-breakers must meet 
an increasing number of rigorous qualifications. 

In addition to causing the breaker to operate if exces- 
sive currents arise in the system to which it is applied, 
there are a number of other requirements which are 
essential, or desirable, all or some of which must be 
fulfilled, depending on the system. 

First, the system to be protected may consist of 
parallel feeders, any of which is liable to a fault. Should 
one of the parallel feeders become faulty at any point, 
it is essential that this feeder be disconnected from the 
system by opening circuit-breakers at both of its ter- 
minals, but parallel feeders should remain undisturbed. 
This desirability of perfect selectivity between parallel 
conductors may, if the fault occurs near one terminal, 
tax the ordinary relay beyond its limit of differentiation. 

An increasingly important requisite is the high speed 
of both relay and circuit-breaker operation. On power 
systems, the ability of protective apparatus to rapidly 
isolate a fault is an important asset in maintaining 
stability. The dynamic stability may be greatly 
increased if the time required to remove a fault is some- 
what less than that required for synchronous machinery 
to appreciably shift its phase angle. In case of nearby 
parallel telephone lines, telephone interference may 
dictate rapid isolation. 

On many systems having a widely divergent load 
demand, heavy-load currents may exceed short-circuit 
currents if the short circuit occurs with the minimum of 
generating capacity connected to the line. The control 
equipment must act to isolate the short circuit, but 
should not open the loaded line, a condition which 
precludes the use of plain overload relays. 

There are other desirable features of relaying systems, 

1. Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 


Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25-29, 1928. 


2. Instantaneous operation. 

8. Simultaneous operation of protective breakers at the two ends 
of a faulty line. 

4. Protection of the line against short circuits or faults, but 
the avoidance of breaker operation on heavy overloads when the 
current rush may be greater than at short circuit. 

5. A measure of the continuance of a fault, permitting automatic 
reclosing of circuit-breakers. 

This super-frequency control system brings to light a number of 
refreshing conceptions, and while it is not completely developed at this 
time, sufficient experimental work has been done to warrant pre- 
senling the results as a matter of technical interest. 


three of which may be mentioned. Circuit breakers 
are frequently tripped to temporary faults, in which 
case, if the relay could determine the nature of the fault, 
the breaker might be again elosed and normal conditions 
restored without the need of an operator. Automatic 
reclosing would be particularly advantageousif, with the 
circuit-breaker open, the relay could determine whether 
or not it might safely be reclosed. From the standpoint 
of telephone interference, a further requirement is the 
simultaneous operation of the circuit-breakers which 
are to open, or the avoidance of "cascade" operation. 
The third feature is a relay system which could be set 
and tested for propet operation without the necessity of 
actually placing a short circuit on the power system. 


A combination of the above problems has so strained 
the usual concepts of relay procedure that an entirely 
new basis of circuit-breaker control is desirable and may 
be found in the applieation of a superimposed high- 
frequency current system. "The purpose of the new 
system is therefore to extend the limitations naturally 
imposed by the use of normal frequency relays. 


DESCRIPTION OF THE SYSTEM 


The 500-cycle system consists essentially of a source 
of high-frequency power, a means for introducing it into 
the lines to be protected, means for obtaining selectivity 
in case of parallel lines, and the circuit breaker operat- 
ingrelays. Thesystem is equally applicable to a single- 
phase railway system or a polyphase power system. 
An application to a single-phase system may be de- 
scribed first for simplicity. In Fig. 1 is shown a 
grounded single-phase system, which may be a railway 
network. There are two parallel contact lines supplied 
with power from transformers located in three sub- 
stations. A circuit breaker is placed in each end of 
each contact line. | 

The 500-cycle current is introduced into the system 
by a connection from the generator or power source to 
the ground side of the main transformer. The other 
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terminal of the power source, which is usually a small 
high-frequency synchronous generator, is connected to 
the ground. A high-frequency power source is neces- 
sary at each point in the network where power current 
of normal frequency is supplied. To prevent the high- 
frequency generator from being short-circuited by this 
connection, a resonant device consisting of a condenser 
in parallel with an inductance is placed in the main 
power circuit between the point of connection of the 
generator and ground. The condenser and inductance 
are each designed to have the same reactance at the 


Fic. 1—PRoTECTIvE SYSTEM APPLIED TO A SINGLE-PHASE 
NETWORK 


high frequency, and therefore if their resistance is low, 
their combined impedance will be very high. Currents 
of normal frequency pass easily through the inductance, 
which has in itself a very small impedance. The 
parallel circuit may be referred to as a “‘blocking shunt." 
In order to gain selectivity between parallel lines, a 
device similar to the blocking shunt, though very much 
smaller, is placed in each end of each line. Its function 
is purely as a line-impedance at the high frequency, with 
the advantage that considerable impedance may be 
obtained by the use of a very small reactor in this way. 
A high-frequency current will circulate in the parallel 
line-impedance which is proportional to the high-fre- 
quency current in the line. The relay itself may there- 
fore be connected to a current transformer placed in the 
condenser branch of the line-impedance. The con- 
denser will carry very little of the power current, 
which means that the relay will function solely on high- 
frequency current proportional to that in the line. 


DESCRIPTION OF OPERATION 


Normally, with no fault or load on the contact lines, 
the generated voltages of the high-frequency machines 
are equal and opposed. These machines will synchro- 
nize and there will be no appreciable current flowing in 
the contact lines. To further aid in keeping the volt- 
ages opposed, the generators are driven by normal- 
frequency synchronous motors, which will maintain an 
almost constant phase position. 

If a ground occurs at (a) on one of the lines, high- 
frequency current will flow from the generator through 
the main transformer to the contact line, then to ground 
through the fault, and return. An appreciable current 
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will therefore circulate in the resonant line impeda 

(1) and (2), sufficient in magnitude to trip the cor- 
responding relay. Some current will also flow from the 
generator B through the line (3-4), but this current will 
be less in magnitude because it must pass through 
three line-impedances instead of one as in the former 
case. Then the current in the parallel line will not be 
sufficient to trip the relays at (3) and (4). For similar 


reasons, the remaining relays in the adjacent lines 


will not be tripped. 

In case some form of load is connected to one of the 
contact lines,—a locomotive for example,—high-fre- 
quency current will flow to ground through the load, 
but will not be sufficiently great to trip any of the relays 
because of the load impedance. It is fundamental 
that the high-frequency current always provides a 
means of measuring impedance regardless of the net- 
work. Normal speeds of rotating machinery are so 
much below the high-frequency synchronous speed that 
practically no counter-voltage is generated at this 
high frequency. It is also usually the case that the 
blocked impedance of the load is high in comparison 
with line impedances, which means that there is a good 
margin of differentiation between heavy loads and short 
circuits. In brief, the high-frequency system may be 
looked upon as a network equivalent to that of the 


Fig. 2—PROTECTIVE SYSTEM APPLIED TO A THREE-PHASE 
NETWORK l 


normal frequency except that all normal frequency 
rotating apparatus may be considered as blocked. 


POLYPHASE APPLICATION 


The means of using this apparatus on a polyphase 
system is shown in Fig. 2. The high-frequency 
generators must now be polyphase. Their current may 
be introduced in the neutral side of the main trans- 
former winding, three of the blocking shunts per power 
source being required. It is assumed that the main 
transformers are connected in star with a grounded 
neutral. Otherwise, the method of connection will be 
given later. If there are parallel lines, line impedances 
must be used as before. The principle of operation is 
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the same; namely, that the high frequency is introduced 
and the line impedances are so placed that the im- 
pedance measured by a given relay is the correct 
impedance to cause that relay to trip, provided there is a 
fault on the line it protects. By tracing the path of 
current in the diagram, it can be seen that a short 
circuit between lines (b, — b) will cause a relay-actuating 
current to flow. 


DISCUSSION OF SPECIAL PROBLEMS 


The system depends so largely for its successful 
operation upon the parallel resonant circuits that special 
mention of their properties will be made. If the 
condenser and reactance are resonant at the chosen 
high frequency,—500 cycles for example,—then at 25 
cycles the reactor will have one-twentieth of its high- 
frequency reactance. The condensive reactance will be 
increased twenty times at normal frequency, or 1/400 
of the load current will pass through the condenser. 
The reactor must be designed, therefore, to carry the 


Fic. 3—SPEcIAL METHOD oF INTRODUCING AUXILIARY CURRENT 
INTO A LINE 


load current. The impedance of the parallel device is 


2 
very nearly Z = -Žin which x is the reactance of 
r 


either the condenser or reactor and r is the resistance of 
both. Practically, if x is increased beyond a certain 
point, r must be increased directly with it, or the im- 
pedance will vary as the first power of the reactance. 

It is easy to obtain an impedance of a few hundred 
ohms, which is sufficient for the blocking shunts, with a 
comparatively small reactor and a single condenser 
unit. The line impedances require about 40 ohms, 
which is very easily obtained. 

In certain networks the hlocking shunts may serve 
another function than previously explained. It may 
be desirable to subdivide a complicated system into a 
number of simple high-frequency systems in order to 
measure the impedance of the simplified systems. The 
ability to do this by inserting the blocking shunts at 
predetermined division points, is very important 
because the most involved network may be resolved into 
a number of small networks for the purpose of facili- 
tating high-frequency relay protection. 
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There is a special problem also in getting the proper 
connection of the high-frequency power to the protected 
lines. To avoid insulation to ground of the high- 
frequency apparatus the connection in Figs. 1 and 2 
is made on the low side of the transformer. This 
method is feasible because the reactance of a large 
power transformer is low. The transformer reactance 
is, in fact, helpful because the high-frequency system 
should be laid out in such a way that short circuits on 
the protected lines are loads, not short circuits, upon 
the protective system. In some cases, however, there 
are circuit breakers to be controlled at points where 
no transformers are used. In this event, the procedure 
is to make the connection as in Fig. 3. The condenser 
in the specially provided tap has sufficient reactance 
to prevent the normal-frequency currents from flowing 
to ground. The transformer reactance, plus the addi- 
tional reactance inserted in the generator circuit, is 
sufficient to overcome the high-frequency reactance of 
the condenser, and the superimposed current may easily 
enter the lines. The transformer in the figure is very 
small, having the same rating as the high-frequency 
generator. 

In three-phase systems, the transformers may be 
delta-connected, or there may be no ground. A high- 
frequency ground may be provided by connecting the 
neutral to ground by means of a condenser. In case 
of the delta-connected transformers, the method of 
introducing the current shown in Fig. 3 may be used 
in three-phase form. 

There are a few special considerationsin the use of 500- 
cycle synchronous machines and the steps taken to keep 
them in phase opposition. The power required from 
these machines is that necessary to operate the relays 
and supply the high-frequency line loss. Two kilowatts 
are ample for a large system. Machines of this fre- 
quency synchronize quite as well as those of lower 
frequency, provided too much reactance is not present 
between the two. The length of a section of line to be 
protected is often sufficiently short so that the re- 
actance between generators will not cause synchronizing 
difficulty. In case it does, however, the high-frequency 
voltage may be stepped up by means of a transformer 
in order to decrease the effective reactance. Normally 
the high-frequency potential need not be more than 
250 volts, though it may run much higher on long lines. 

Fig. 1 shows the generators driven by synchronous 
motors connected to the main power feeder. If this 
connection is made, there are two closed systems inter- 
connecting the motor-generator sets at two frequencies. 
If there is a difference in the phase angles of the voltages 
of power frequency at the two motor-generator sets, 
there must be flexibility in the inter-connection. 
This flexibility should occur in the power-frequency 
side of the motor-generator sets and may be obtained 
by the use of a flexible coupling between the two 
machines of the set, or by placing reactance in series 
with the synchronous driving motors. Either of these 
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devices will aid in keeping the high-frequency voltage 
closely in phase. A synchronous driving motor has 
been selected because it permits the auxiliary generators 
to supply power at constant speed and frequency. 
The constant frequency is essential to prevent the 
parallel shunts and line impedance from departing from 
resonance. 

The final component of the system needing special 
discussion is the relay. In Fig. 4a 500-cycle mechanical 
relay is shown which has two elements connected in 
series. The function of the relay is to trip if a rapidly 
rising current of sufficient value is passed through it. 
This limitation of a rapidly rising current is obtained 
" by the use of the second element. The dashpot shown 
in the figure will slow down the second element whose 
function is to tighten the spring restraining the tripping 
element such that if the current rises slowly a very high 
value will be necessary to trip the main element. The 
purpose of using such a relay is to prevent synchronizing 
currents between the generators, which currents must 
rise slowly on account of the mechanical inertia of the 
generators, from causing the relay to operate. A 
second purpose is to ''pre-set" the tripping element as 
the load upon a section of protected line varies or as the 


RELAY-SCHEMATIC 


PRE-SETTING 
DIAGRAM 


Fic. 4—H1an-FREQUENCY 


generating capacity connected to the section of line 
varies. 

A vacuum tube relay may be substituted very nicely 
for the mechanical relay, with the advantage of in- 
creased speed. A relay used for this purpose is shownin 
Fig. 5. It is a neon-filled tube with a double purpose; 
first, to break down at a predetermined voltage in the 
manner of the well-known glow tube, and second, to 
pass a high circuit breaker tripping current as a mercury 
arc rectifier. The. two lower electrodes consist of 
mercury pools, and the upper electrode isa hollow metal 
cone. If the voltage between the upper electrode and 
the smaller lower arc reaches a given value, a glow 
discharge occurs between the two, which causes a 
mercury arc to be formed between the upper and main 
lower electrodes. The tube is a further development 
by D. D. Knowles of the earlier Knowles’ Grid-Glow 
Tube. It is capable of momentarily passing a tripping 
current of a few hundred amperes. The entire action 
is very rapid. 
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The connections using the tube relay are shown in 
Fig. 6. The device at the left takes the place of the 
pre-setting element on the mechanical relay. The 
entire relay apparatus in this case operation from 
voltage, actually the voltage of the current transformer 
in the line impedance circuit with a high impedance 
across its secondary. The pre-setting device consists 
of a one-to-one transformer whose exciting current is 
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obtained from a resonant circuit. The transformer 
connections are made in such a manner that the secon- 
dary voltage, under steady state, opposes the primary 
voltage and leaves zero voltage across the tube. 
During the transient, however, as a voltage is applied, 
the rise of the primary exciting current is very slow, 
and initially there is a voltage across the tube. Then 
the tube will operate if the voltage is rapidly increased 
to the breakdown point, but will not function with a 
slowly rising voltage. 

Mention has been made of the feature of automatic 


Fic. 6—CincviT UsiNG, THE Vacuum Tuse RELAY 


reclosing of circuit-breakers. If the circuit breakers 
in Fig. 1 are shunted with a condenser which will pass 
the high-frequency current only, with the circuit- 
breaker open, the high-frequency current will retain 
the relays in their operative position as long as the fault 
remains on the line. However, at any time that the 
fault is removed, the relays will return to normal and 
permit the breaker to reclose. Such a connection 
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would be advantageous if the protected system is 
hable to faults of short duration. 


RESULTS OF EXPERIMENTAL INVESTIGATION 


For the purpose of making an oscillographic study of 
the system, it was applied experimentally to an 11,000- 
volt test track contact line at the Westinghouse Works 
in East Pittsburgh. The experimental circuit is shown 
in Fig. 7. Four lines were used, and they were joined 
in pairs at one end in order to give two paralle] lines 
with both terminals at the same location, the latter 
being for ease in testing. The lines were fed by 11,000- 
volt single-phase transformer banks at both ends. Two 
blocking shunts were placed in the grounded side of the 
transformers and a line-impedance was placed in each 
line. Arrangements were made so that a short circuit 
could be applied to either end of either line. Vacuum- 
tube relays were placed on lines 1 and 4, and were 
connected to trip the circuit breakers A and B. The 


Fig. 7—Crircuit or EXPERIMENTAL TEST 


apparatus was set up mainly to demonstrate speed of 
relay action and selectivity. 

From the previous description it is obvious that a 
short circuit at the end of the line is the most severe 
condition to meet. Selectivity is.most difficult to 
obtain, and there is the greatest danger of the auxiliary 
generators running out of synchronism with the short 
circuit at this point. 

The first tests were made with high-frequency 
current alone applied to the line. The relays may be 
properly set, therefore, without the application of 
power current, by placing short circuits at the various 
indicated points and adjusting the tube voltage so that 
it trips with a fault on line (1-4) but not with a fault on 
line (2-3). The tube relay circuit was that shown in 
Fig.6. In making these first tests the low-tension side 
of the power transformers must be short-circuited. 

The frequency used was 525 cycles obtained from a 
small rotating machine, at 250 volts. Standard oil- 
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filled condensers were used in the impedance circuits; 
the current transformers also were standard. The 
oscillogram in Fig. 8 was taken with a short circuit at 
the end of line 1. The lower element recorded the high- 
frequency current flowing from line to ground. The 
other two elements are a record of the current in the 
upper electrodes of the tube relays at 1 and 4. It will 
be recalled that both the circuit breaker tripping current 
(d-c.) and the high-frequency breakdown current flow 
in this electrode. The film, then, shows the high- 
frequency current superimposed upon the direct 
current. The d-c. component is similar to that which 
flows in the tripping coil of a circuit breaker, and 
the shape of the curve is familiar. The high-frequency 
component will be seen to gain in magnitude. The 
first tube operated two and one-half cycles, high fre- 
quency, after the short circuit occurred, and the second 
tube, two cycles later. 


A potential of 11,000 volts was then applied to the 
lines at a frequency of 25 cycles. A short circuit was 
placed on line (1-4) at 4, and Fig. 9 is a record of the 
short-circuit current in line (1-4) at 1 and of the current 
in the tube relay at the same point. There is no dis- 
cernible time lag from the instant at which the fault 
was applied to the instant at which the relay furnished 
tripping current to the breaker. The actual time, 
obtained from other tests, is about 1/2000 of a second. 
This time is independent of the point on the power 
frequency voltage wave at which the fault is applied, 
but will vary slightly, depending on the point of fault 
application on the high-frequency wave. The maxi- 
mum time is about one-quarter cycle, high frequency. 
Fig. 10 shows the breakdown voltage of the two tubes, 
from which it will be seen that the voltage reaches its 
maximum in one-quarter cycle. The striking feature 
of the films is that it is not necessary for the relay to 
wait until the power current becomes excessive before 
operating. It will be noticed that the speed is much 
greater with power current on the line, because of the 
initial charge of the condensers. Fig. 11 shows the 
short circuit and tube currents with a fault on the line 
(2-3). Neither tube operated, indicating the perfect 
selectivity. 


CONCLUSIONS 

In principle, super-frequency control has four in- 
herent characteristics which contribute to its value. 
First, high-frequency currents “know more about 
reactance" than those of low frequency, which means 
that the small differences in line reactance which de- 
scribe the distinction between a fault or normal load 
may be more easily detected with high frequency. 
In the second place, by the use of certain high-frequency 
blocking devices placed in the lines, a network having 
any degree of complication may be broken up into a 
number of simple networks at the high-frequency, 
each of which may be independently measured. This 
possibility provides a high degree of selectivity between 
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various lines, and independent isolation of faulty con- 
ductors without the drawback of time delay. 

The third characteristic is that, inherently, high- 
frequency currents reach their peaks on relay operating 
values more rapidly than those of normal frequency, 
thus insuring a high speed of relay operation. Finally, 


the high-frequency superimposed currents measure the 
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pure impedance of a network, which is not posstble 
with low frequency because of the counter-electromotive 
force of connected machinery. The advantage of the 
latter is an independence on the part of the superim- 
posed system of all conditions of loading previous to a 
fault, an advantage which enhances recognition of fault 
conditions. 

These inherent advantages lead to many possibilities. 
In general, the margin by which relays operate or do not 
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operate may be considerably extended. Furthermore, 
the elimination of many variables in the power circuit 
by the use of high frequency makes possible accurate 
and simple calculation of relay operating currents. 
There are no particularly new principles involved and 
the system is simple enough to make possible its appli- 
cation to many of the more complex problems in circuit- 
breaker control. 

A great many variations of this super-frequency 
control are possible, and have entered into experimental 
work and calculation. The system described has been 
used in an experimental way only, in order to demon- 
strate the soundness of its theoretical nature. The 
results obtained have been interesting and unique, 
and in themselves predict the future development of a 
super selective relay equipment. 


MODERN LEGERDEMAIN 


There is always something fascinating about the 
sleight-of-hand performer and his amazing series of im- 
possible tricks. Even the small boy, however, realizes 
that twenty pink rabbits cannot be contained simultane- 
ously in the one silk hat from which they are apparently 
drawn, and that the bowl of goldfish has not vanished 
into the air when the mystic passes have been completed 
over the soft blue cloth. Why are some power-station 
engineers so engenuously credulous about their ability 
to cause equally tangible materials to disappear without 
racer tees 


A steam generating station utilizing 500 tons of coal a 
day with a conservatively estimated ash content of 6 per 
cent has 30 tons of solid material to dispose of properly 
whether a stoker-fed boiler or pulverized-fuel equipment 
is used. Some of it will inevitably reach the open air; 
with stoker-fed furnaces this is relatively limited. It is 
amazing to hear engineers who have lived and worked 
through the era that has minimized the smoke nuisance 
state that they do not know where the ashes go and that 
there is an almost negligible quantity of which to dis- 
pose. The ashes, as any one on the leeside of the plant 
and possibly many miles away can tell you, are floating 
gently down on the countryside. * * * * 


Official data of test runs in one pulverized-fuel instal- 
lation where special precautions have been taken to con- 
trol ash deposits indicate that while an average of 3.68 
per cent of the dry coal is reclaimed as slag from the 
combustion chamber, the total flue refuse per pound of 
dry coal burned amounted to 0.0994 pound. Slowly 
indeed has industry learned that refuse is not disposed of 
when acids and dyes are poured into previously attrac- 
tive streams, that smoke pollution of the air is a civic 
offense, in addition to being unprofitable, and that val- 
leys were not made for refuse pits. The past points the 
way. Ashes must be disposed of, not blown into the air 
and forgotten by all but one’s neighbors —Electrical 
World. 


Electric Welding of Pipe Lines 


BY J. D. WRIGHT: 
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Synopsis.—This paper outlines the process of manufacture of 
steel pipe from flat rolled steel plates by automatic metallic arc 
welding. Data are given showing the physical and chemical 


HE economies which have been effected in many 
manufacturing operations during the past few 
years by the adoption of electric arc welding for 

manufacturing as well as for tool repair have been so 
outstanding as to command the attention of all 
industries. 

In many cases, the reduction in cost has been ac- 
companied by a distinct improvement in quality, so 
that in these days of increasingly keen competition, no 
manufacturer marketing a product in which fabricated 
metal parts are, or might be used, should fail to make a 
thorough study of the possibilities of electric welding. 


One of the newer applications of automatic arc 
welding is in the fabrication of pipe from flat rolled 
steel plates. It is particularly applicable to the larger 
sizes of steel pipe which heretofore have been made 
either by riveting, by the lock-bar process, or by the 
hammer weld process. The interest aroused by several 
successful installations of lines of pipe fabricated by the 
electric arc welding process has been very widespread, 
and it is the purpose of this paper to discuss the present 
state of the art as exemplified by a recent installation. 

The example selected is the process employed for 
fabricating the pipe for a line approximately eight miles 
long, to convey water from the Provin Mountain 
Reservoir to the City of Springfield, Massachusetts. 
From the reservoir to the west bank of the Connecticut 
River, a single line of 54-in. and 48-in. diameter pipe 
is used. Two lines of 36-in. diameter each are laid 
under the Connecticut River, and from its east bank a 
single line of 48-in. and 42-in. pipe connects with the 
present distribution system of the City of Springfield. 
The thickness of the plate used in the pipe varies from 
5/16 to 1/2 in. 


TESTS OF WELDED JOINTS 


Before bids on welded pipe were submitted, tests were 
made to determine the strength of the welded joint and 
a definite procedure was worked out to insure 
thoroughly reliable and uniform results. | 

The plates used for the tests were of fire-box .steel 
with tensile strength between the limits of 52,000 and 
62,000 Ib. per sq. in., as specified by the Engineer of 
the Board of Water Commissioners. The following 


1. Industrial Engineering Dept., General Electric Company, 
Schenectady, N. Y. 

Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25-29, 1928. 


analysis of the plate, the weld, and the welding wire, as well as the 


speed of welding and electrode and power consumption. 
* * * x 


shows typical analysis and physical properties of the 

plate steel: 

Carbon...... 0.20 per cent Yield point— 

Manganese... 0.40 Tensile strength 

Phosphorus .. 0.015 Per cent elongation 

Sulphur...... 0.029 Per cent reduction of 
area 


35,450 1b. per sq. in. 
57,500 lb. per sq. in. 
31.5 
56.3 


Sections 3 in. wide by 48 in. long were sheared from 
Y$2-in. plate, and the sections beveled on one 48-in. side 
as shown by Fig. 1. Two sections were then welded 
together using the multiple arc process. This will be 
described in greater detail later. Two beads were 
deposited, the first with 3/16 in. G. E. type “F” 
welding electrode using 300/320 amperes at an arc 
voltage of 18/22, and the second with 3/16 in. G. E. 
type 'B" electrode using 320/360 amperes and 18/22 


gA Max. 


MEA PU. wn 


Fic. 1—Dimensions oF BEVEL FOR WELDING l2-1IN. PLATES 


volts. The welding was done at a speed of approxi- 
mately 414 in. per minute. 

The following table shows chemical analysis of the 
two welding electrodes: 


G. E. type “B” G. E. type “F” 


Carboti. 2322 4 wx 0.10 max 0.13/0.18 
Manganese............ eee 0.25/0.45 0.40/0.60 
SUIDBÜE erue db E E an 0.045 max 0.03 max.. 
Phosphorus............... eee 0.03 max 0.45 max. 
SINGON. dodo xa E Rd os Trace Trace 


Type “F” is a solid wire to which a special treatment 
is given to insure a uniform flowing quality. Type 
“B” has a center metallic core surrounded by a layer of 
flux, the whole being incased in a metallic sheath. 

The welded plates were cut into strips 114 in. wide 
and tested for tensile strength in a standard testing 
machine. The following results are typical of many 
specimens: 
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28-79 


408 
Tensile strength 

Specimen Ib. per sq. in. Failure 
1 56,700 Weld 
2 61,700 Weld 
3 60,200 - Steel 
4 61,870 Steel 
5 55,700 Weld 
6 60,600 Steel 


Other specimens were subjected to various bend tests 

to check the ductility of the weld. | 
Fig. 2 shows very clearly the metal deposited by the 

first and second arcs and the zone in the plate stock into 


2—DrerPLY ETcHED SECTION OF MULTIPLE ARC WELDED 
14-1N. PLATE 
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which the heat of the weld has penetrated. Photo- 
micrographic studies of the grain structure of the steel 
in the weld and adjoining plate show total lack of a 


3—30-rr. PLATE PLANER WiTH Two PLATES IN POSITION 
FoR MacHINING BEVEL ON 30-Fr. SIDE 


Fig. 


definite line marking the transition from the weld to the 
plate, and no evidence whatever of any injury to the 
plate, owing to heat of the weld. 


MANUFACTURE OF PIPE 


The pipe fór the Springfield water line is made in 
30-ft. lengths from two 30-ft. plates which are bent 
into half circles and automatically arc welded together. 
Some consideration was given to welding of the cir- 
cumferential joints in the field, but because of consider- 
able opposition, it was decided not to do this on this 
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particular job, and the 30-ft. sections are riveted to- 
gether. To provide for this the plates are sheared so 
that the pipe diameter increases slightly from one end 
to the other, thereby permitting the small end of one 
section to fit into the large end of the next section an 
amount required for the riveted joint. 
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The first operation in the manufacture of the pipe 
after the flat plates have been sheared to size is to bevel 
the sides accurately as shown in Fig. 1. This is done 
simultaneously on two plates on the plate planer shown 
in Fig. 3. On each plate, two lines are then scribed, 
each parallel to the upper edge of the bevel and 34 in. 
from it. 

The plate is then taken to the bending rolls, (Fig. 
4), and by means of a special jig, the two 30-ft. edges are 
bent to the proper radius. The whole plate is then 
formed into a true half circle. Next the two halves of 
the pipe are placed in a specially designed frame, 
(Fig. 5), and tack welded together approximately every 
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5—FRAMES OF SPECIAL DESIGN SUPPORT THE Two 


Fic. 
30-Fr. Harr Sections or 48-IN. Pire WHEN Berna Tack 
WELDED BY HAND FROM THE INSIDE 


16 in. on the inside by hand. After the raised portions 
of the beads are removed by grinding, the pipe is placed 
in the automatic welding machine, (Fig. 6). 

PIPE WELDING MACHINE 


The pipe welding machine consists essentially of 
three horizontal beams, two above and one below. 
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Enclosed in the lower beam and extending throughout 
its full length are several sections of fire hose to which 
compressed air can be admitted. On the hose rests a 
series of plungers which in turn supports a “backing- 
bar," the latter being fitted with a flat copper chill bar 
approximately two inches wide. Application of com- 
pressed air causes the hose to expand, thereby raising 
the plungers, and the copper strip in the backing-bar is 


li 
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Fic. 6—ENp View or 36-Fr. Pire WELDING MACHINE 
SHow1nG 30-FT. SECTION or 48-IN. PrPE READY FOR AUTOMATIC 
Arc WELDING OF LONGITUDINAL SEAM 


pushed up against the under side of the Joint at a 
pressure of 200 lb. or more per running inch. The 
backing-bar is also provided with an insulated conduc- 
tor which forms part of the return circuit for the welding 
current. By shunting the proper amount of current 
through this bar when the pipe is being welded, the 


Fic. 7—36-Fr. Pree Weutpinc MacuiNE SHowina Two, 
TRAvEL CaRRIAGES EAcH Wiru Two WEeE.tpiIna HEADS FOR 
AvroMATIC WELDING OF Pipe BY MULTIPLE Arc PROCESS 


magnetic disturbances of the arc can be very effectively 
controlled. 

To the lower side of the upper beams of the machine 
are attached two copper jaws spaced approximately 
two inches apart and the pipe is placed in the machine 
so that the joint to be welded is located centrally 
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between these two copper jaws and directly over the 
copper strip in the backing-bar. ) 

The multiple arc welding process previously men- 
tioned employs two arcs, one following about eight 
inches behind the other. The two automatic welding 
heads, used to feed the wire, are mounted on a single 
motor driven adjustable speed travel carriage, (Fig. 7), 
which moves the heads along the work at the proper 
welding speed. 

When work was first started on the manufacture of 
the pipe for the Springfield line, only one travel carriage 
with two welding heads was used. This carriage, of 
course, traveled the full length of each 30-ft. seam. A 
little later, a second travel carriage with two more heads 
was added. Welding was then carried on simultane- 
ously with four arcs, one carriage starting at one end 
and the other at about the middle of the seam. This 
reduced the welding time per pipe by about 50 per cent. 
It 1s expected that a third carriage with two more heads 
will soon be added, each pair then welding about one- 


Fic. 8—48-In. Pipe, 30 Fr. Lonc FaABRICATED From Two 
LIN. PLATES BY AUTOMATIC Arc WELDING UNDERGOING 
HypRosTATIC PRESSURE Test or 240 La. 


third the total pipe length with corresponding reduction 
in welding time. 

After one seam is completely welded, the pneumatic 
clamp is released and the pipe is rotated to bring the 
second joint into position for welding. 


SPEED OF WELDING; ELECTRODE AND POWER 
CONSUMPTION 


The speed of welding attained by the multiple arc 
process with two welding heads on 1-in. plate is 
about 2214 ft. per hour. Using approximately 380 
amperes on the first arc and 330 amperes on the second, 
the total consumption of 3/16-in. electrode is from 
0.8 to 0.85 Ib. per foot of weld. These welding currents 
are somewhat different from those used when the test 
plates were welded, but were found to give better 
results on the joint between the two sections of pipe. 
Current for each pair of welding heads is obtained from 
a 1000-ampere 1-hr. rated constant potential welding 
generator driven by an induction motor. The power 
consumed is approximately 2.15 kw-hr. per foot of weld 
on l4-in. thick plate. 
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INSPECTION AND TESTS OF WELDS 


At the request of the inspector, test plates having a 
bevel as specified for the pipe joints are placed in the 
machine and welded under the same conditions as the 
pipe itself. These plates are then cut into specimens 
and tested. 

The extent to which the weld is reinforced, that is, 
its height above the surface of the plate, is usually from 


Fic. 9—30 Fr. SscTion or 48-IN. PIPE ABOUT TO BE 
LOWERED INTO ELECTRICALLY HEATED VERTICAL DIPPING 
TANE TO RECEIVE PROTECTIVE CoaTING OF CoaL Tar PitcH 
VARNISH 


1/16 to 1/8 in. The minimum and maximum values 
permitted by good practise are 1/32 and 3/16 in. 
respectively. The weld bead must not be less than 
5/8 in. nor more than 1 in. in width and must also be 
central within 1/16 in. between the lines scribed on the 


Fig. 10—Layine or STEEL Pipe LINE FOR SPRINGFIELD, 
Mass., WATER SuPPLv. 30-Fr. LONGITUDINAL JOINTS ARE 
AUTOMATICALLY ARC WELDED. CIRCUMFERENTIAL JOINTS 
MADE IN THE FIELD ARE RIVETED 


plate each side of the joint. Any holes which are 
seen on the top surface of the deposited metal are 
carefully chipped and if they extend below the surface 
of the plate, the spot is rewelded by hand. The edges 
of the bead are also examined to see that the weld 
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metal is thoroughly fused along the top of the plate. 
Any cracks or hollow spots are chipped and rewelded 
by hand. 

To determine the amount of penetration, the under 
side of the welded joint is carefully examined. It is 
necessary that the metal be so thoroughly fused that 
no erack can be seen between the edges of the plate. 

After the welded pipe has been given a careful visual 
inspection and any defects rewelded, it is placed in the 
testing machine, (Fig. 8), and subjected to the following 
hydrostatic pressures in pounds per square inch: 


Thickness of pipe in inches......... 5/16 3/8 7/16 172 
66-in. pipe................ eee T 160 - zs 

54-in. pipe. ...........eeeeeeeee ee 135 160 187 213 
48-in. pipe..............e eere T a 210 240 
36-in. Pipe... . ee eee Va 320 


DIPPING AND LAYING THE PIPE 


The rivet holes are then punched in each end of the 
pipe after which it is thoroughly cleaned and dipped 
vertically in an electrically heated tank of coal tar 
pitch varnish, (Fig. 9). The pipe is submerged in the 
bath long enough to heat the metal uniformly to the 
temperature of the bath. It is then removed and 
suspended in a vertical position until the coating has 
drained and set. 

The pipe is then ready for transporting to the field and 
laying in the trench, (Fig. 10). After the pipes have 
been properly placed and connected by temporarily 
bolting, the circumferential joints are riveted and 
caulked. The middle portion of each length of pipe 
is then backfilled but the field joints are left exposed until. 
the line has been tested for tightness. 


CONCLUSION 


At the time this paper was written, approximately 
three miles of pipe had been delivered to the field, and 
its installation in the trench was progressing rapidly. 

The advantages gained by the electric welding of 
pipe as compared with other methods of manufacture 
are; a very substantial reduction in cost and a superior 
finished product. The reduction in cost is secured not 
alone by the decreased weight of steel required but 
also by a reduction in the cost of the actual work of 
fabricating the pipe. 

Owing to the smooth interior of the welded pipe as 
compared with the riveted pipe, the resistance to flow 
is decreased. The circumferential joints are made more 
easily with welded pipe because of uniform wall thick- 
ness whereas with riveted pipe the wall is of double 
thickness at the riveted joint. The joining of the ends 
of pipe made by the lock bar process is rendered difficult 
owing to the presence of the bar. 

Arc welded pipe is also invading the field of lap 
welded pipe produced by the lap weld mills because of 
the fact that the thickness of the wall of the latter is 
fixed and often times the pressures are such that much 
lighter are welded pipe can be used with consequent 
reduction in the cost of the line. 


Abridgment of 
Recent Inprovements in Turbine Generators 


BY S. L. HENDERSON* and 


Synopsis.—During the last few years there has been a very 
rapid increase in the rating of turbine generators. A considerable 
amount of development work has been necessary in order to make 
these increases possible, and this paper gives a summary of the 


I. INTRODUCTION 


HE object of the present paper is to describe some 
of the problems that have been encountered in the 
development of the turbine generator in the last 

five years. The increase in the size of the individual 
units during this period has been very remarkable, 
particularly in the last two years. 

In the two-pole, 1500-rev. per min. class, the maxi- 
mum output of a single generator in 1925 was 
66,700 kv-a.; at the present time, there is under con- 
struction, a single unit of 160,000-kv-a. capacity. In 
the four-pole, 1800-rev. per min. class, the maximum 
rating in 1924 was 44,400 kv-a.; at the present time, a 
unit of 94,000-kv-a. is being built. 


II. VENTILATION PROBLEM 


The capacity increases which have taken place 
within the last five years have been obtained chiefly by 
increasing core length. Even in the largest units built 
five years ago it became increasingly difficult to supply 
all the cooling air from both ends of the machine, not 
only because of the excessive air pressures required, 
but because of the increase in temperature of the 
cooling air as it passed through the machine. This 
latter factor was particularly important in long, axially 
ventilated machines. 

Multiple radial ventilation solved this difficulty 
and it is now possible to obtain fully as uniform a 
temperature distribution for core lengths of 250 in. as 
for 100 in. The multiple radial ventilation was 
extensively investigated several years ago by Fech- 
heimer,f Bratt, and others of the Westinghouse Com- 
pany, and while the system was not new at that time, 
an exact predetermination of the dimensions of the air 
circuit had not been undertaken previously. 

For more than five years, the project of ventilating 


*Both of Westinghouse Elec. & Mfg. Co., East Pittsburgh, 
Pa. 

tC. J. Fechheimer, An Ezperimental Study of Ventilation 
of Turbo Alternators, A. I. E. E. Trans., Vol. 43, 1924, p. 476. 

D. Bratt, The Multiple Radial System of Cooling Large Turbine 
Generators, A. I. E. E. Trans., Vol. 43, 1924, p. 467. 

C. J. Fechheimer and G. W. Penney, Concluding Study of 
Ventilation of Turbo Alternators, A. I. E. E. Trans., Vol. 45, 
1926, p. 253. 

C. J. Fechheimer, ‘‘Performance of Centrifugal Fans for Elec- 
trieal Machinery," A. S. M. E., 1924. 

Presented at the Winter Convention of the A. I. E. E., New York, 
N. Y., February 13-17, 1928. Complete copies upon request. 
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problems which have been encountered, and solved, by engineers of 
the Westinghouse Elec. & Mfg. Co. The present status of the 
design of turbine generators is given, and the probable directions of 
future developments are indicated. 


generators with hydrogen has been under active con- 
sideration by designing engineers. The most important 
advantage connected with the use of hydrogen is the 
reduction in windage loss. In an 1800-rev. per min. 
generator, the windage loss is the largest single item and 
amounts to slightly more than one per cent of the kw. 
rating. This loss will be practically eliminated through 
the use of hydrogen. 


While no machines have actually been installed, 
using hydrogen as a cooling medium, several turbine 
generators have been sold with the provision that hydro- 
gen may be used later, and a large synchronous con- 
denser has been sold for immediate installation with 
hydrogen cooling. Experimental work is being actively 
prosecuted and the Westinghouse Company has an 


] —INTERNAL STRAND TRANSPOSITION 


experimental 7500-kv-a. generator operating with hy- 
drogen cooling. 


III. DESIGN OF STATOR COILS 


In order to build machines of extreme core length, 
it became necessary to modify the coil design. Pre- 
viously it had been customary to build the coils in one 
piece, two coil sides being wound continuously. The 
great lengths required by these large ratings make the 
coils too heavy to be handled in one piece so that it is 
necessary to divide the coil in two at the rear. Sucha 
construction facilitates the insulation of the coils and 
the winding of the coils in the machine. As it is im- 
possible to connect the strands individually at the rear 
because of lack of space, it is necessary to connect 
groups of strands together. This requires that the 
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strands in the group must be transposed in the slot 
in order to reduce the eddy current-loss. Such a 
transposition is illustrated in Fig. 1 (4). 

The question of armature coil insulation has been 
given considerable study in preparation for these large 
units. Improvements in the mica folium have been 
made to correct swelling and wrinkling of the insula- 
tion. The swelling of the insulation has been found to 
be due to the vapor pressure caused by the alcohol in 
the shellac bond in the mica and, to some extent, to 
the moisture in the paper for backing the mica. As 
a result of this investigation, a new bond was developed 
which has practically eliminated swelling. 


IV. GENERAL DESIGN 


Efficiencies have been improved through the use of 
silicon steel in the stator laminations. Turbine genera- 
tors are now built with a grade of steel equal to the best 


2—SKELETON FRAME CONSTRUCTION 


steel used in transformers. The old fear of brittleness 
of silicon steel has been corrected by improved methods 
in stacking the punchings and by larger fillets at the 
bottom of the slots. The use of silicon steel reduces the 
iron loss to 45 per cent of the value obtained with non- 
silicon steel. 

The question of short-circuit ratio and voltage regu- 
lation have not been of serious moment in the past 
largely because turbine generators are usually installed 
near the center of load, and the problems connected 
with long distance transmission have not yet arisen. 
In some cases these factors may be of importance, but 
no general values can be laid down, as each case 
furnishes a special problem. It is desirable for specifi- 
cations not to call for too high a short-circuit ratio, as 
the cost per kilowatt may increase or the maximum 
possible size of generator be limited. 


V. STATOR CONSTRUCTION 


The weight of the stator has been decreased by a 
change in the frame construction. In the earlier pro- 
ductions, the section of the frame was determined 
chiefly by the demands of the ventilating system, be- 
cause the casting included the ducts for conducting the 
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cooling air to and from the core. The frame is now 
made with sufficient strength to support the punchings, 
and the ducts for the air, built on the outside of the 
frame with structural materials. A frame with a 
portion of this housing in place is shown in Fig. 2 (9). 


This super-structure is removed during shipment and 


so decreases the weight of the heaviest piece to be 
shipped. It is now possible to build generators of 
approximately 100,000-kv-a. capacity complete at the 
factory. 


VI. MECHANICAL CONSTRUCTION OF THE ROTOR 


BoDY 


a. Working Stresses. The problem of determining 
safe and economical working stresses for the various 
parts of the rotor body, is a most important and diffi- 
cult one, particularly for those points where the bending 
stresses act in conjunction with the centrifugal stresses. 
At those points the application of stress is two-, and 
sometimes three-dimensional, and the variable com- 
ponents of the stress must be considered with proper 
allowance for stress concentration. 


One of the most important advances during the last 
years is a better appreciation on the part of the de- 
signers of the fact that the stress problem has two 
aspects. One is the comparatively simple one of 
determining the stresses that actually exist in the 
structure. The other is the far more difficult one of 
determining the actual condition of failure under these 
stresses. The solution of the latter problem finds 
its expression in the determination of true factors 
of safety, and in the actual values of the allowable 
working stresses. In view of the importance of this 
problem it may be of interest to review briefly the 
present attitude of Westinghouse engineers. 


In cases of steady stress in ductile materials, the 
yield point is regarded as the fundamental basis for the 
selection of the working stress. The failure of the 
material is attributed to shear, so that in cases of three 
dimensional applications of stress, the maximum shear 
theory, giving the maximum difference of the principal 
stresses as the critical stress, is made a basis for deter- 
mining conditions of failure. Conditions of stress 
concentration are generally disregarded for steady 
stresses in ductile materials. The factor of safety is 
thus the ratio of the yield point to the average critical 
stress. 

Cases of variable stresses in ductile materials offer 
somewhat greater difficulty, but even here ìt has been 
possible to obtain a logical definition of the true factor 
of safety. One of the most important features of 
applications of variable stresses is that the conditions 
of stress concentration must be taken into account, so 
that the stresses obtained by ordinary elementary 
formulas must be multiplied by a factor of stress con- 
centration k. This, however, applies to the variable 
component of the stress only. In the case of complete 
reversals of stress in one direction the endurance limit 
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for complete reversals is regarded as the fundamental 
basis for the selection of the working stress. The 
factor of safety is thus the ratio of endurance limit to 
maximum alternating stress. 

In the more general case of a variable stress, which 
is superimposed upon a steady stress, it has been found 
that the available experimental data are interpreted 
in a logical manner if the actual factor of safety n is 
determined by the formula 


1 1 1 * 
n No Ny 


where n, and n, are the factors of safety of the static 
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Fic. 3—GENERAL STRESS CYCLE 


So = Static component of stress 
k Sy = Variable component of stress 
K = Factor of stress concentration 


and variable components of stress, respectively, when 
acting alone. 


Se 


n S, 
KS, = = [ LSe] 
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Cases of two- or three-dimensional applications of 
stress are treated by the maximum shear theory. It is 
necessary only to determine the most dangerous plane 
and the steady and variable component of shearing 
stress in this plane. The result is a cycle of shearing 


*The justification for this definition of the true factor of 
safety can be demonstrated as follows. 

Let Fig. 3 represent the stress cycle under consideration. The 
dotted line S, — S, in Fig. 4 gives the experimental curve (See 
for ex. Timoshenko and Lessells, "Applied Elasticity,” Page 477) 
denoting failure under this type of stress cycle. This is a para- 
bolic curve starting at the endurance limit S, and ending at the 
ultimate strength S,. In view of the insufficient nature of the 
experiments, and in view of the faet that all stresses are limited 
by the yield point, this curve has been replaced by the straight 
line S, — S,, connecting the endurance limit and the yield point 
Sy, This is a defined line of failure giving a somewhat greater 
margin of safety than indicated by tests. Stresses giving an 
actual faetor of safety of n are defined by the straight line 
Sein — Sy/n which is parallel to the line S, — S, The end 
points of this line are fully determined; the intermediate portion 
is arrived at by definition. It is evident that 
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stresses similar to Fig. 3. Upon this cycle the postu- 
lated definition of factor of safety can be applied. 

b. The Westinghouse Plate Rotor. The limitations 
of one-piece forgings were anticipated at an early date 
by the Westinghouse Company, and their present 
construction was originated by Behrend and Field 
over eighteen years ago.t It will be referred to in the 
following as the plate rotor. 

Fig. 5 shows the general arrangement of this 
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Fig. 4—ConpDITIONS OF FAILURE UNDER GENERAL STRESS 
CYCLE IN ONE DIMENSION 


construction. The rotor consists of two end forgings, 
A, and a series of plates, B, spigoted into the end 
forgings and into each other. The entire structure 
is held together by through bolts. 

The mechanics of this plate rotor have been studied 
very carefully and its behavior is fully known. This 
study has shown that the rigidity of the construction is 
not impaired by the cutting of the holes for the rotor 
bolts, and the variation in the bolt stress is very small. 

The plate rotor does not possess any limitations to 
increases in rotor length other than those caused by 
critical speed and shaft deflection. In these respects 
it is on par with the solid rotor. Its inherent advantages 
are due to the possibility of using high grades of steel 


Fiag.—3d LONGITUDINAL SECTION OF PLATE ROTOR 


independently of the size of the rotor body, and the 
better facilities for rotor ventilation. 

c. Development of Rotor Materials Large One-Piece 
Forgings. The attitude of the manufacturer with 
regard to the relative merits of one-piece forgings and 
the sectional construction has undergone important 
changes in the last two or three years. It is only a short 
time ago that most turbo designers were convinced that 
a satisfactory one piece forging could be obtained for 
any of the rotor dimensions within sight, if the price 

t‘Some Difficulties of Design of Turbine Generators," A. B. 


Field, Journal I. E. E., Vol. 54, 1915, p. 65. B. A. Behrend, 
TRANS. A. I. E. E., Vol. 36, 1917, (Discussion) p. 883. 
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were forthcoming. The latest advances in the size of 
individual units has changed this condition; the present 
maximum size of rotors can no longer be built of one- 
piece forgings regardless of price and specifications. 

The experience of the Westinghouse Company in 
obtaining large forgings for turbo rotors indicates that 
extreme care in the manufacturing of these forgings 
must be employed, and even then the electrical manu- 
facturer is not completely guarded against rejections. 
The present status of the art of inspecting these forgings 
is such that flaws can be detected with certainty, but 
the expenses and delays of rejections are considerable. 

As a result of this experience, the Westinghouse 
Company demands satisfactory test properties in the 
radial, tangential and longitudinal directions. This has 
raised the price of these forgings to a point where they 
have ceased to be competition with the plate rotor. 

Materials of Plate Rotors. Up to a short time ago, 
the rotor plates were made from a 0.30 per cent carbon 
steel rolled in flat slabs to a thickness of 234 in., and 
machined to 2 in. By this method it was possible to 
obtain comparatively uniform material having a yield 
point of about 35,000 lb. per in.? and an elongation 
of about 25 per cent. 

During the last two years there has been developed a 
new type of material by which it is possible to obtain 
plates of a thickness of about 714 in., having a yield 
point of 65,000 lb. per in,? and an elongation of over 25 
per cent. Properties of this nature in a comparatively 
inexpensive carbon steel are truly remarkable, and the 
importance of this metallurgical development as an aid 
to the construction of these large rotors can not be 
over-estimated.* 

The Problem of Assembly of the Plate Rotor. After 
machining the plates and shaft ends, they are assembled 
with temporary bolts. The bolt holes are then reamed 
and the regular bolts inserted and tightened. 

In order to place this tightening process on a more 
scientific basis a special pulling machine has been de- 
veloped, whereby it is possible to stretch the bolts to 
their correct stress before the nuts are advanced. The 
introduction of this equipment has proved very valu- 
able; from the point of view of uniformity of the results 
as well as production. 


VII. DETAILS OF THE ROTOR CONSTRUCTION 


The improvements in the details of the rotor con- 
struction have concerned the arrangement of the 
end windings and the rotor ventilation. 

The insulation over the coil ends has a very heavy 
duty to perform, being subjected to high pressure and 
temperature and shearing action. Moulded asbestos 
channels have been developed for the tops of the coils, 
and the retaining rings are lined with the same material. 

In the latest large rotors the retaining rings have to 
be shrunk on with a sufficient allowance to remain 
tight at the overspeed. 


*W. J. Merten, American Society for Steel Treating, Ninth 
Annual Convention, Sept. 1927. 
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The recent improvements in the mechanical construc- 
tion of the rotor fans have made it possible to equip 
1800-rev. per min. machines of an output of 75,000 
kv-a. with internal fans. 


VIII. CRITICAL SPEEDS 

The problem of critical speeds in the rotor has played 
a peculiar role in the development of large machines, 
and its influence in placing limitations upon the rotor 
dimensions represents a striking example of the fact 
that complete absence of theoretical analysis may 
sometimes be preferred to unreserved faith in a faulty 
or partial analysis. 

The fact that a rotor can be brought through its 
fundamental critical speed without danger has been well 
established for several years, but in spite of this there 
is still a general feeling on the part of some designers, 
and many customers, that it is very desirable to have 
the calculated value of the critical speed above the 
operating speed. 

This attitude has actually been the cause of numerous 
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cases of vibration troubles, not to mention the im- 
portant fact that it has constituted a damper on the 
logical expansion of the individual size of the units. 
The reason for these troubles has been found to reside 
in the fact that the actual critical speed of the rotor 
is determined, not only by its own flexibility, but also, 
and often to a greater extent, upon the flexibility of its 
supports. This influence is so great for large units 
with rigid rotor structures, that the recorded values of 
the critical speeds are frequently only half of the 
calculated values. Asa result of this, many machines 
have been forced to operate very near to the actual 
critical speed. 

The flexibility of the bearing supports is only one of 
the factors which cause the great discrepancy between 
calculated and recorded values. A fully satisfactory 
perspective of the problem is obtained only when the 
entire unit, with its foundation, is treated as one 
problem. It is here that the real limitations of mathe- 
matical analysis comes to light, and the practical 
designer is made to feel the true importance of intuitive 
judgment and good luck. 
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Fig. 6 shows an example of speed-amplitude 
curves which were obtained from the outboard pedestal 
of a 30,000-kv-a. turbine generator on a typical steel 
foundation. The maximum peak occurred at 1200 
rev. per min. This was found to represent the funda- 
mental critical speed of the rotor, calculated at 2380 
rev. per min. 

The term “critical speed," then, has assumed asignif- 
icance entirely different from that of a calculated value 
for the rotor alone. The chief object of the analysis is 
to enable the machine to run ina hollow of this resonance 
curve, and no method, short of scientific foundation 
analysis, can lead to this result.* 


IX. BALANCING AND VIBRATION PROBLEMS IN THE 
SHOP AND IN THE FIELD 
One of the most important aspects of the develop- 
ment of the last five years concerns the improved facili- 
ties for balancing in the shop as well as in the field. 
The balancing machine has been developed to a high 
degree of perfection and the only difficulty of this part 


*C. R. Soderberg, Phil. Mag., January 1928. p. 47. “On 
the Practical Application of the Theory of Vibrations to Systems 
with Several Degrees of Freedom.” 
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of the shop process is the fact that a rotor reaches 
stability only after prolonged seasoning. 

The facilities for solving balancing’ problems in the 
field are now such that the inconvenience and expense 
that has attended vibration troubles have been reduced 
very materially. 
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From Interconnection in Southeastern States 
BY W. E. MITCHELL' 
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Synopsis.—Great progress has been made. Interconnection 
between independent systems 1s primarily a protective measure, but 
the greatest economic benefits have been realized when the inter- 
connections have been made by subsidiary companies of one holding 
company. The capacity of tie lines and the amount of power inter- 
changes has developed greatly. The size of generating units has 
increased, as has the size of power plants, resulting in lowered cost 
per kw. The problem of satisfactory voltage and power factor con- 
trol has increased in complezity as has that of system load dispatch- 
ing. While much improvement has been made in oi circuit 
breakers, they still leave much to be desired. Interconnection has 


N 1924 in a paper on Interconnection of Power 
Systems in the Southeastern States, the author 
suggested that our great problem for the next 10 

years would be to increase the capacity of the inter- 
connecting links between different systems; also to 
develop water power distant from the power market, 
and to construct the mine mouth or other strategically 
located (from an economic standpoint) high-capacity 
steam plants, connecting them with the great load 
centers by means of high-capacity networks. It was 


1. Alabama Power Co., Birmingham, Ala. 
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made possible more economical operation of existing plants and has 
resulted in the use of a larger proportion of the available water on 
systems combining steam, storage, and run-of-river hydroelectric 
plants. 

Long-time forecasting of load and rainfall conditions is important 
tn economical system planning. The 110-kv. and 154-kv. line 
construction is discussed; also the value of ground wires and light- 
ning arresters. The growing importance of carrier current for 
supervisory control and communication and their application are 


reviewed. 
k*k x k 8 X 


suggested also that we should plan for at least 10 years 
in the future. 

Less than four years have passed, yet tremendous 
strides have been taken along these very lines. The 
economic possibilities of interconnection are being 
clearly realized. One of the results has been the coordi- 
nation in a number of instances of the various individual 
operating companies under one holding company, thus 
deriving the benefit of massed capital, massed resources, 
and unified control. Interconnection, group manage- 
ment, low-cost steam generation, and long distance 
transmission have come as a logical succession of natural 
economic steps. 
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Interconnection between independent systems is, 
first, a measure of protection in emergencies. It 
cannot be a success unless the executives and operating 
forces of the respective companies realize it is a give- 
and-take proposition, and have mutual regard for the 
interests of both companies in the service of the public. 

In the Southeast, what we term an “operating 
committee," (on which there are representatives from 
Alabama Power Co., Tennessee Electrie Power Co., 
Georgia Power Co., Columbus Electric & Power Co., 
Augusta-Aiken Railway & Electric Co., Southern Power 
Co., and Carolina Power & Light Co.), has been func- 
tioning for over four years. This committee meets 
about eight times a year and compares operating data, 
load, rainfall, storage reservoir conditions, and other 
problems of mutual interest. This has proved of the 
greatest value to all concerned. Getting better ac- 
quainted, with resultant better understanding and 
a greater knowledge of each other's systems—their 
points of strength or weakness,—has facilitated the 
prompt handling of the exchange of power in emer- 
gencies. Frequently, improved operating economies 
through interchange have resulted from a greater 
knowledge of conditions throughout the entire territory. 

Unquestionably the greatest benefits, however, (and 
this applies both to the general publie as well as to 
the individual companies) are derived when the inter- 
connected companies, while maintaining their indepen- 
dent corporate identity, are subsidiaries of one hold- 
ing company. It is practically impossible to have 
a unified development program for five independent 
companies, but if these are under the same financial, 
engineering and mangement control, genuine system 
planning on a large scale will take place, and the most 
economical plants and tie lines will be built first, looking 
only to the maximum results for the group as a whole. 

The system of the Southeastern Power and Light 
Company is operated in parallel practically all of the 
time, and much of the time it is in parallel with both 
the Tennessee and Carolina systems. For successful 
parallel operation and, at the same time, to secure the 
proper load division between the various generating 
stations and between the systems themselves, it is 
essential that the frequency be very closely controlled. 

We endeavor to maintain the frequency rigidly at 
60 cycles. By the installation of master clocks at the 
larger generating stations, and the use of extremely 
accurate frequency recorders at load dispatching 
centers, it has been possible to make material improve- 


ment in the control of frequency over the interconnected - 


systems. 

During the wet season, the basic load is carried by 
the run of river hydroelectrie plants, and the load 
fluctuations, by steam plants and vice versa during 
dry seasons. The system supplying the bulk of 
the power regulates the frequency. Special attention 
has been given to the adjustment of governors at all 
generating stations, so that they will be as equally 
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sensitive as possible in order that all stations may 
carry their proper share of the load fluctuations. 

As larger systems are tied together and additional 
interconnections are made, the problem of voltage 
control becomes more important and complicated. On 
the system of the Southeastern Power and Light 
Company, there is installed, at present, a total synchro- 
nous condenser capacity of 130,000 kv-a. In addition 
to this, the hydroelectric units when not needed to 
supply power are used for such power-factor correction 
as is required during the peak load hours. Usually, 
during the dry season of the year when steam plants 
are operating on base load, a large portion of the hydro- 
electric capacity is used during peak-load hours for 
power-factor correction. It is the practise, when these 
units are operating as synchronous condensers, to close 
the gates tightly. Vacuum breakers have been in- 
stalled upon all of the more important units so as to 
reduce the power input to the generators when they are 
operated as synchronous condensers. In the more 
modern plants, automatic vacuum breakers have been 
installed. Naturally the hydroelectrie plants are not 
so beneficial as synchronous condenser stations located 


.at load centers. However, they are in general at 


opposite ends of the system from the steam plants, and 
therefore they have been of much use in the correction 
of voltage. It has been more economical to use them 
for this purpose than to install the additional synchro- 
nous condenser capacity which would be required. 

To govern the division of load and wattless current, 
it has not yet been found necessary to install regulating 
transformers in tie lines, but it is very likely that this 
or some other method will be required as the number of 
ties between the systems increases. With the increasing 
amount of load carried over the lines, the problem of 
system stability has been encountered, and an extensive 
series of stability tests have been made in cooperation 
with one of the larger manufacturers. A technical 
paper is now being prepared describing these tests in 
detail. 

On a large network system, it is becoming increasingly 
difficult, and, in fact, practically impossible, to make the 
necessary calculations for load division over trans- 
mission lines, voltage regulation, etc. "Therefore, the 
practise has been established of at least once or twice 
each year taking simultaneous readings at all of the 
most important generating stations and load centers 
of the interconnected network. Readings of load, 
power factor, voltage, etc., are taken simultaneously and 
tabulated and are of considerable assistance in engineer- 
ing calculations, as well as in the proper operation ot 
the system. 

The problem of relaying is becoming increasingly 
difficult as single-circuit transmission lines are added. 
A great need is being felt for a system of relaying which, 
while selective, will instantly disconnect a faulty circuit. 
At present, the ordinary induction type overload relays 
are being used on single-circuit lines, naturally having 
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a short time setting to secure selective operation. In 
a few instances it has been found that the settings on 
these relays have been such as to hold the short circuit 
on the system long enough to affect the system stability, 
and in one or two instances, has resulted in rather 
serious interruptions. Upon the double-circuit tower 
lines, the balanced relays are functioning very satis- 
factorily. However, frequently during lightning storms, 
both circuits on the tower lines are interrupted 
simultaneously. 

As the systems grow larger, interconnection between 
those under one management makes for greater operat- 
ing efficiency. Full advantage is taken of diversity of 
time, diversity in rainfall, and in seasonal load. With- 
out the tie lines, this would be impossible. To a 
somewhat lesser degree, advantage may be taken of 
these same factors by means of ties between independent 
companies. With the large storage reservoirs, practi- 
cally no water goes to waste during the summer season. 
If one section has a heavy rain and another none, the 
tie lines permit sale of the surplus at such a price that 
the company that has had no rain can afford to buy 
power and store its own water. 

With the more careful studies of the curves of rain- 
fall and run off and expected load, a greater use is made 
of all hydroelectric plants. Therun of river plants which 
on the isolated system wasted water all night long 
because it had little or no storage, now that it is linked 
into a comprehensive system, generates many more 
kw-hr. than it previously did, thus probably saving 
fuel generation. 

On a system combining run-of-river and storage 
hydroelectric plants and steam plants, great savings 
can be made by accurate knowledge of river flows and 
available plant capacities. This involves not only 
studies of all available data as to river flow in the past, 
but the forecasting of the future flows and the formu- 
lating of careful rule curves for the day-to-day opera- 
tion of storage plants. 

At the present time the first 66,667-kv-a. unit of four 
which will ultimately be installed in a new mine mouth 
steam plant at Gorgas is now under construction. This 
plant, together with the existing steam plants and the 
big storage plants at Martin and on the Tallulah River, 
make possible the maximum use by both Georgia Power 
Company and Alabama Power Company of their run 
of river hydro plants. All combine to develop more kw. 
of capacity per dollar of investment and to produce 
more kw-hr. at a lower cost than would be possible under 
independent management. In a similar manner, the 
Southern Power Company, the Carolina Power and 
Light Co., and the Tennessee Electric Power Co. are 
working to the same end on their great systems. 

The time of the development of all the economical 
hydroelectric sites is not distant. The material im- 
provement in steam generating efficiencies, together 
with the lowering plant costs, the reliability of the large 
steam units, and the varying character of our southern 
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streams are all making utility engineers in the South 
realize that a greater and greater proportion of power 
will be produced by steam in the future. 

The extent and feasibility of interconnection and long 
distance transmission was thoroughly demonstrated in 
1925, when over 600 mi. of line between Muscle Shoals 
in northwest Alabama and points north of Raleigh, 
N. C., were linked up for several weeks and large blocks 
of power transmitted. 

On December 3, 1927 systems from Chicago to Mobile 
and Pensacola were interconnected, and thus over 
1000 mi. of transmission line and literally millions of kw. 
of generating eapacity operated in parallel for some 15 
minutes. No power was interchanged but the avail- 
ability of the interconnections in case of emergency 
demonstrated. 

The year 1927, so far as Alabama and Georgia were 
concerned, was nearly as dry as 1925. Georgia had 
very little additional generating capacity and a very 
greatly increased load. Due, however, to coordination 
of the systems and the additional tie lines, water was 
conserved in the Burton storage all during the spring 
and drawn out in the late fall when most needed. 
Under independent operation, the tendency would 
have been to have taken a chance on getting summer 
rain (which never came) and so to have drawn upon the 
stored water that when the final pinch came, there 
would have been none left. 'Then industries would 
have been forced to curtail because the tie lines could 
carry no more and the hydro plants would have been 
greatly reduced in capacity by lack of water. 

In 1927 the Savannah River dropped to a flow nearly 
as low as in 1925. The local plant near Augusta was 
entirely inadequate under these conditions to carry the 
system load so that for several months from 15,000- to 
20,000-kw. capacity was taken over the interconnecting 
110-kv. line with the Georgia Power Company and thus 
a curtailment of industry in a large territory entirely 
avoided. 

Another example of the greater use of available re- 
sources; Company A had available 25,000 kw. of trans- 
mission capacity but no surplus generating capacity. 
It was interconnected on one side of its system with 
Company B, which had surplus power, and on the other 
side with Company C, which was short of power. 
Transmission facilities were leased from Company A, 
power purchased from Company B, and Company C’s 
needs were completely taken care of. 

The growth of each independent system, (but even 
more the unified control of several systems), has pro- 
moted the use of larger power plants and larger generat- 
ing units. When a system load is of the order of 
400,000-kw., the annual growth will be at least 50,000 
kw.; therefore, it is logical to install very large units. 
In the Buck steam plant, (a powdered fuel plant), 
which the Southern Power Company recently put into 
operation, two turbo generators of 35,000-kv-a. each 
were installed. In the Martin Dam plant of Alabama 
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Power Company, three 37,500-kv-a. units were installed 
for an average head of 120 ft. At Jordan Dam (Lock 
18) now under construction, four 29,000-kv-a. units, 
operating at 93 ft. head are being installed. 

When the new Gorgas steam plant of the Alabama 
Power Company was under discussion, very careful 
studies were made and 66,667-kv-a. units finally de- 
cided upon as the most economical size for our condi- 
tions. This plant, when completed, will probably be the 
most economical plant in the southeastern states. 

This plant shows plainly the rapid change in condi- 
tions in a few years, indicating the prime importance of 
careful study of load growth and of consideration of 
the improvement in efficiency of steam units. Whereas 
11 years ago the first large unit installed at Gorgas was 
25,000-kv-a., and the plant was built purely as a reserve 
steam plant to operate at from 10 to 25 per cent annual 
load factor, the new plant will be a base-load plant, 
operating on a 50 per cent annual load factor at first, 
and probably ultimately on a 70 per cent load factor. 
Another interesting fact is that while the new plant will 
be 50 per cent more efficient than the old, its cost per 
kw. will be but little if any higher; such is the effect of 
larger units. Again, units of 66,667 kv-a. would not be 
the proper size were there not ample reliable tie lines 
between Alabama and Georgia so that such a unit would 
be available to both companies. 

In present day practise, all substations are of the 
outdoor type with steel girders or steel pole supporting 
structures. They are simple and sturdy with large 
clearances. Small control houses are built for the 
relay, protective, and control equipment and telephones, 
with a small storage space for spare parts that must be 
housed. In older substations, the low-voltage buses 
and switches were put indoors; now, for 11,000 volts or 
above, nearly all are placed outdoors. 

Double-circuit 110,000-volt lines, and many single- 
circuit lines, are built on steel towers but the majority of 
single-circuit 110,000-volt lines are of the familiar 
H-frame wood-pole type with one or two ground wires 
and the structures guyed at frequent intervals. Chest- 
nut, juniper, and cypress poles are frequently used, but 
by far the greater number of lines are constructed with 
creosoted long-leaf yellow pine poles. These makea 
fine looking, long lived, low maintenance cost line. 

By far the greater part of the territory served in the 
southeastern states is sparsely settled, with nothing 
like the density of load per sq. mi. that is encountered 
in the northeast or middle west. Therefore, types of 
construction which peculiarly suit these conditions 
have been developed. First cost must be kept at a 
minimum and at the same time, operation and main- 
tenance must be kept very low. 

Transmission lines still constitute the weakest link in 
the chain between generating station and customer. 
The question of ground wires is still a mooted one, but 
the majority of southern operators, after 15 or 20 
years’ experience, feel sure that they are justified on 
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important lines and afford material protection against 
lightning. The new 154-kv. lines being built in Ala- 
bama and Georgia are being over-insulated, but the 
equipment is not. For its protection, a week link will 
be put in the lines near the substations by leaving off 
two or three of the insulator disks. On the question 
of high-voltage lightning arresters, opinion is much 
divided. On the Southeastern Power and Light Co. 
system we feel that in the more important stations the 
transformers should be given the benefit of doubt and 
arresters installed. Routine annual testing of trans- 
mission line insulators is now carried out by most 
companies. Some use a megger, but the majority use 
the buzz-stick method. This has proved very satis- 
factory in eliminating defective insulators. Between 
the improvements in design and the elimination of 
defectives by various tests, the number of insulators 
punctured or destroyed by lightning are very few,— 
nothing like the number we lost 10 years ago. It is 
still the general practise to patrol lines on foot with 
emergency patrol at regular intervals after every 
interruption. 

With the growth and interconnection of systems, the 
necessity of uninterrupted communication circuits 
have grown in importance. Important stations and 
load dispatching centers are usually coupled by several 
private land-line circuits as well as by Bell system lines 
wherever possible. In the last two years extensive 
use has been made of the carrier-current telephone 
system, and exceptionally good results have been 
obtained. On the Southeastern Power and Light Co. 
system carrier-current sets are now being installed in 
Atlanta and Birmingham in the load dispatchers’ 
offices to permit immediate communication between 
load dispatchers on the two systems; also, for the pur- 
pose of intercompany commercial calls. They are 
being used regularly for load dispatching on over 1000 
mi. of transmission lines. For 75 days an accurate 
check was kept of the calls and 86 per cent of them were 
completed. Failure to complete most of the remaining 
calls was due to the operator called being where he 
could not hear the signals. 

Oil circuit breakers continue to be one of the most 
important factors affecting satisfactory long distance 
transmission and system interconnection. Here, again, 
the increase in capacity of transmission lines and the 
concentration of power necessitate ever increasing 
capacity in the oil circuit breaker. Today, short 
circuits of 1,000,000 kv-a. are possible in the Birming- 
ham District Substation and of 750,000 kv-a. at Atlanta. 
The additional tie lines between Alabama and Georgia 
will cause a complete change in 110-kv. oil switches in 
all of the Atlanta District oil switches. The general 
layout of the Southeastern Power and Light Co. 
system is such that we believe we shall continue to give 
best service by operating on so-called solid ties as 
compared to the loose link method, and limiting short 
circuits by opening it up at certain predetermined 
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points. Later, we shall probably add 110-kv. reactors 
through which normally no current flows. In contrast 
to this, the Southern Power system operates to much 
better advantage on the loose-link coupling. 

To summarize, the past four years has witnessed a 
growth by all utilities in the southeast. Additional 


, and higher capacity interconnectins have been made. 


Individual system operation has been improved, as has 
coordination between systems. More use is being 
made of interchange facilities. More careful forecasts 
of load growth are being made and more careful system 
planning to handle such growth is being done. Advan- 
tage is being taken of the lower costs of larger units and 
particularly of the improvement in efficiency of the 
modern steam generating plants. Long distance trans- 
mission is growing more reliable. 

But there are still many problems unsolved, or only 
partially solved. Load dispatching grows more difficult 
and complicated with the growth of systems. From 
the standpoint of protection to service, proper relaying 
will continue to require much study. The division of 
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load between parallel circuits, the control of wattless 
current, system stability, and more reliable oil circuit 
breakers, are problems worthy of the best engineering 
brains in the industry. As hydroelectric station 
decrease in size, more automatic ones will be constructed 
to keep down the cost per kw-hr. The future will 
probably see still larger steam plants with larger units 
located at the mine mouth, when water is available 
there, and others as near to large load centers as avail- 
able condensing water will permit. These will, in turn, 
bring up the problems of still heavier main trunk 
transmission lines operated at higher voltages than at 
present generally used in the southeast. The last 
word has not yet been said regarding lightning protec- 
tion. Improvement in communication circuits also 
offers a fertile field for study. 

If the record of the industry for continued reduction 
in eost per kw. and per kw-hr. is to be maintained and, 
at the same time, the service carried farther and farther 
afield to thinner and thinner territory, there is no 
danger of our engineers running out of work. 
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Quantitative Mechanical Analysis of Power 
System ‘Transient Disturbances 
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Synoysis.—The fundamental mathematical methods for cglcu- 
lating system transients have been presented by other writers during 
the last few years. These mathematical calculations are of necessity 
quite involved and consequently can be applied only to very simple 
power systems. 

In the May 1926 issue of the Electric Journal, under the title 
“A Mechanical Analogy to the Problem of Transmission Stability,” 
Mr. S. B. Griscom proposed the use of an accurate equivalent 
mechanical analogy to the electrical system provided perfect springs 
for representing line reactance could be obtained. 

The present paper covers the adaptation of the mechanical model 


FUNDAMENTAL PRINCIPLES OF THE MECHANICAL 
ANALOGY TO THE ELECTRICAL SYSTEM 


HE analogy between the various parts of the 
electrical system and the equivalent mechanical 
system areshownin Fig. 1, which representsa single 

generator and its load tied together by the system 
reactance. The model consists of a generator element 
and a motor element, mounted on ball bearings and 
free to rotate independent of each other. For the 
present, the fault element should be neglected. The 
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principles to obtain reasonably accurate quantitative records of 
transients to be expected on the 220-kv. interconnection between 
the Philadelphia Electric Co., Pennsylvania Power & Light Co., and 
the Public Service Electric & Gas Co. These records are obtained 
by taking motion pictures of the equivalent mechanical system. 
Resistance or reactance short circuits on transmission lines are 
duplicated mechanically by applying forces of the proper magnitude 
and direction to the spring representing the line 1n trouble, and 
clearing this spring at each end by blowing fusible links from relays 
tumed to represent the circuit breaker operations on the electrical 
system. 


rotors have inertia proportional to the stored energy 
in the generators and loads which they represent. 


CONVERSION OF ELECTRICAL SYSTEM INTO MECHANICAL 
EQUIVALENT 


The first step is to determine the characteristics 
of the springs which are to represent reactance. Con- 
sider that it is desired to select a spring of 10 per cent 
reactance on a 100,000-kv-a. base. In the electrical 
system, the 10 per cent on the 100,000-kv-a. reactance 
tie with 100 per cent voltage at each end, will correspond 
to a steady-state pull-out limit of 


100 per cent 


—— —— ———— Xx 100,000 = 1,000,000 kw. 
10 per cent 


(1) 
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The corresponding pull-out torque T of the mechanical 
model should then. be obtained by gradually adding 
equal weights to the generator and load elements until 
the steady-state pull-out at 90 deg. between arms is 
obtained with the spring which is to represent 10 per 
cent reactance connected to each arm L inches (repre- 
senting 100 per cent system voltage) from the pivot. 
This torque T (in ounce-inches) is then equivalent to 


Percent Reactance Based on 100,000 Kv-a. 
] 05 Percent aa 
£ "uM pammrá, 


Insulating 
Transformer 


“cy” Ma am 


` a 
60~ 
AC. 


Mechanical Analogy 
1. Stiffness of spring. 
2. Length of spring. 


Transmission System 

Reactance represented. 

Voltage drop across reactance 
represented by spring. It is 
proportional to line current. 

Represents kilowatts generator 
input to system at that point 
on system. 

Represents kilowatts load taken 
from system at that point. 
Line voltage at corresponding 

point. 

Reactive Kv-a. 


D a 


3. Counterclockwise torque applied 3. 
by weight to any element 


4. Clockwise torque applied by 4. 
weight to any element. 

5. Radial distance from pivot toany 5. 
point on spring. 

6. Product of length of arm and 6. 


component of spring tension 
along radius. 
7. Angle between any two pointson 7. Electrical phase displacement 
the spring. of voltages at corresponding 
points of the system. 
8. Inertia of any element. 8. Stored energy at synchronous 


speed in machines constitut- 
ing corresponding element of 
electrical system. 


1,000,000 kw. on the electrical system. The springs 
representing the reactances of the other parts of the 
system are then proportioned, taking the above spring 
as a base. 

The stored energy in a synchronous machine = 


2.3 (W R?) (rev. 
107 
synchronous speed. 
(W R? is in pounds-feet squared) (2) 
The total stored energy E at synchronous speed 
in the machines constituting any particular element of 
the system may be converted into inertia of the cor- 
responding mechanical model element as follows: 


1 2 
E = per min.) kw.-seconds at 
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Wir? = AXT 2 ounee-inches squared. 
. E = Stored energy İn synchronous machines in 
kw. seconds. 


T = Ounce-inches of torque on model at steady- 
state pull-out with 10 per cent reactance 
spring attached to each arm L inches 
(equals 100 per cent voltage) from pivot. 

(3) 

After determining the spring constant and the inertia 
in the foregoing manner, it can readily be shown 
that the natural period of any given element of the 
electrical system and the corresponding element of the 
mechanical system are identical. 

The above discussion applies directly to all conditions 
imposing symmetrical loads on the different phases. 
For fault conditions, the electrical load may be un- 
symmetrical; e. g., the fault usually is from one-phase 
wire to ground. From the stability standpoint, how- 
ever, a single-phase fault on a polyphase system may be 
represented accurately by an equivalent symmetrical 
shunt impedance across the three phases at the point 
of fault. 


MECHANICAL MODEL ON TWO-ELEMENT SYSTEM 


Fig. 3-A shows two generating stations, each supplying 
some local load and tied together by two transmission 
lines. 

In setting up a complicated system the number of 
elements must necessarily be kept down to a minimum 
in order to reduce the possibility of interference between 
springs. It is desirable, therefore, to combine the 
inertia of the local load with that of the local generating 
station into a single element on the mechanical model. 
Except for the phase angle which it produces in the 
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Eg" 1352105 Kw -Sec stored energy in generators DART 
and Synchronous losd PS 


rt PRP ee ee ua byoBáaeacaet 1o n 


= wy ed 


240,000 Kw. Generated 
E; = 135x105 Kw-Sac 
Fig. 3—(SEE Fia. 1 For SET-UP on MECHANICAL Mioveni 


generator, the local load has no effect on the over-all 
phase angles of the system. The simplied system 
used in setting up the mechanical model and calculating 
the curves which follow is shown in Fig. 3-B. By 
combining the load with the generator element, the 
system has been simplified to only two elements on the 
mechanical model. Disturbances on such a com- 
paratively simple system can readily be calculated by 
a point-by-point method for comparison with the test 
results from the mechanical model. 

Fig. 1 shows the mechanical model set-up of the above 
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system. The fault has been assumed to be single- 
phase line-to-ground, with 39 ohms resistance in the 
ground circuit with a resultant loss of 290,000 kw. 
The power in the fault was converted into equivalent 
ounce-inches of torque on the mechanical model, and 
this torque was suddenly applied to the transmission 
line on which the fault occurred by means of a very 
light rotating ‘‘fault arm" mounted on a ball bearing. 
The two ends of the spring representing the line in 
trouble are tied into the remainder of the system 
through fusible links which represent the circuit 
breakers at each end of line 2-8 (Fig. 3-B). TheCV 
relays are timed to blow these fuses in the same sequence 


as the circuit breakers would clear the fault on the actual 


system. If the disturbance is not sufficiently severe to 
cause pull-out, the system will oscillate and finally 
assume a new stable angle corresponding to that when 
transmitting 240,000 kw., with only one line in service. 

By referring to the schematic diagram in Fig. 1, 
it can be seen that the fault is applied by releasing the 
weight attached to the fault arm through the blowing 
of fuse No. 1 immediately after the pushbutton is 
closed. The closing of this push-button also starts the 


c 
6—ExTRAcTS FROM MorioN Pictures or 290,000-K w. 
FAULT ON System BY Fics. 1 AND 3 


Fic. 


a. Mount after fuse No. 1 (Fig. 1) is blown, releasing fault arm. 

b. 0.25 sec. after fault. Note the decrease in angle. 

c. 0.60 sec. after fault. Fuses No. 2 and 3 (Fig. 1) beginning to clear 
the spring which is attached to the fault arm. 

d. 0.75 sec. after fault. Fault arm with spring 2-3 attached to it, has 
been cleared from the system 

For curves plotted from the motion picture record, see Fig. 5 


C V relays so as to blow fuses No. 2 and No. 3 in the 
proper sequence. 

In some cases where the fault resistance is low, the 
positive sequence voltage, which is the voltage repre- 
sented on the model, will dip to about 67 per cent of 
normal at the point of fault. In such cases an ad- 
ditional spring was used at the top of the fault arm and 
released simultaneously with the fault arm, so that the 
positive sequence voltage would be pulled down to this 
value. 

Fig. 6 shows extracts from the motion picture film of 
the mechanical model with the equivalent of a 290,000- 
kw. line-to-ground fault applied to the system shown in 
Fig. 3-a. The oscillations of the system can be plotted 
from the motion picture record. 

Because of the lesser stored energy at G, the torque 
of the fault tends to slow the generator down faster than 
the load end of the system R; therefore for the first 
four-tenths of a second, there is actually a decrease in 
theangle. Both breakers (fuses) were assumed to clear 
simultaneously in 0.65 sec. This is exactly simulated 
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on the mechanical system by blowing the fusible links 
No. 2 and No. 3 in 0.65 sec. It should be noted that 
the breaker cleared at a point where the angle was con- 
siderably less than the final stable angle, with one sec- 
tion of line out so that considerable over-shooting will 
result. 


MECHANICAL MODEL SET-UP OF INTERCONNECTED 
SYSTEM 


Fig. 9 shows the 220-kv. interconnection between t he 
Philadelphia Electric Co., Pennsylvania Power & 


Fic. 9—Annows INpicATE THOUSANDS or Kw. ENTERING 


AND LEAVING NETWORK 


* Stored Energy of Each Element in Kw-Sec 
Conowingo 7.56 x 10* 
Plymouth Meeting 2.2 x 105 
Phil. Elec. Co., 32.5 X 105 
P. P. & L. Sunbury 78.0 x 10! 
Public Service Co. 91.0 x 105 
Livingstone 1.5 X 10° 
Frackville & Siegfried 66 kv. load 39 X 105 
Siegfried & Frackville Condensers 4.1 x 105 
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Light Co., and the Public Service Electric & Gas Co. 
reduced to a simple form for setting up on the mechani- 
cal model in the same manner as Fig. 3-B was obtained 
from Fig. 3-A. This figure shows one of the probable 
future load conditions. . The loads supplied local to 
each generating station are not shown, as they produce 
very little affect on the phase-angular relations of the 
interconnected system. Only the transmitted power 
is shown. 


The inertias of the various elements were properly 
proportioned by hanging equal masses across the ele- 
ments that required additional inertia. For conve- 
nience, these masses were made of tubes that could be 
loaded with shot. Fig. 10 shows the Fig. 9 system as 
actually set up on the mechanical model. 


With the load and springs properly proportioned, 
the phase angles between the various component 
parts of the system assumed their proper relationships 
automatically. The phase angles shown in Fig. 10 
correspond very closely to the calculated values. For 
the set-up shown, the load conditions were such that 
practically no power was being transmitted over the 
section of the triangle B-C in Fig. 9. Fig. 10 shows this 
to be true. It can readily be seen that a fault on line 
A-C will be the most severe condition; since the power 
must be transmitted over the single lines A-B and B-C 
after the faulty section A-C is tripped out. 
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ANALYSIS OF FAULT ON LINE A-B FIG. 9 FROM 
MOTION PICTURE RECORD OF EQUIVALENT 
MECHANICAL MODEL 

Condition No. 1. A line-to-ground short circuit 
on line A-C near end A having resistance equal to the 
reactance to the point of fault was considered. This 
gave the maximum possible kw. loss in the fault and 
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Fic. 10—For Diacram or SvysTEM SEE Fia. 9 


A. Weight producing torque tending to rotate element (1) counter- 
clockwise, representing 120,000 kw. generated. 

B. Weight producing torque tending to rotate element (3) clockwise, 
representing 195,000 kw. load. This weight is at greater radius than (A) 
accounting for the smaller weight 

C. Tubes of equal mass suspended over element (4) to increase its 
inertia from 32.5 (element alone) to 78 as required by tabulation on Fig. 9 

D. Load weights (partly obscured) representing 200,000 kw. being 
generated by station (4) 


Fig. 13—CoweNpriTIoN No. 1 
EXTRACTS FROM Motion Pictures or 450,000-Kw. FAvLT ON 
System SHOWN BY Fia. 9 


Conditions at start of fault 

Fuses (a) and (c) clear practically at the same time 
Maximum angular swing between 3 and 4 

Steady state operating condition with line A-c. out of service 
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amounted to about 450,000 kw. for the system shown. 
The torque representing this kw. loss in the fault was 
applied to the spring by means of the very light rotating 
fault arm shown in Fig. 18a. The function of this 
arm can be seen more readily from Fig. 1. The spring 
representing line A-C was attached to the remainder of 
the system by means of fusible links arranged to be 


blown by C V relays in order to duplicate the actual 
opening of the circuit breakers on the system. 
Fig. 13a shows two successive pictures at the [instant 
of the application of the fault. The rapid movement of 
the torque arm is evident, since the pictures are only 
0.05 sec. apart. 

A cycle counter was included in the field of vision of 
the motion picture camera as a check on the speed of the 
film. Breakers A and C cleared the line simultane- 


di is oc BEC 
NEBEEEEEBP INENEKUE 
ENNHENENMEZ Angle between; ani 44i(Fig gi: 
cte radi 
Hat EE RE P ee eee ees UTR 
BENBNEBPABBENDECITOIGNNE 
IEEE IEEE miele) 
BE c E esse DRE RPM UN 
BETIS ERE. DR n ani aes 
Ep eL Le BE 

E A A BENE 


120 


DEGREES 


075 125 150 
SECONDS FROM. START OF FAULT 


Fic. 15—CoupririoN No. 3—ZerRo Resistance LINE TO 
NEUTRAL FauvLT NEAR (a) Fic. 9 


ously. The two successive exposures in Fig. 13b show 
the released fault arm with the spring A-C attached 
to it swinging clear of the system. 

Fig. 13c shows the crest of the maximum angle 
between elements 3 and 4. The torque arm with 
spring A-B attached is shown against the stop. 

After reaching the maximum angular separation, 


a b c 
Fig. 16—CowpririoN No. 3 
EXTRACTS FROM Motion PicTrURES oF ZERO RESISTANCE LINE 
TO NEUTRAL FavLT AT (a) Fic. 9 


a. Instant after fault was released, depressing the voltage at (a) to 
about 66 per cent normal 

b. Instant after fuse (c) opened 

c. Maximum angular swing between 3 and 4 


the stations will oscillate and gradually settle at the 
new stable position with one line out of service, as pull- 
out did not occur. 


Condition No. 3. "This condition represents a line- 
to-ground fault on line A-C (Fig. 9) near (A) with zero 
resistance in the fault. The positive sequence voltage 
at the point of fault will be reduced to about 67 per cent 
of normal. This was represented by attaching a spring 
near the end (A) which could be released by the blowing 
of a fusible link to depress the springs representing 
line reactance to correspond to 67 per cent voltage 
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without applying any torque (kw.) to the system. For 
convenience, this spring was attached to the fault arm. 

Fig. 15 shows the angular change between the extreme 
ends of the system plotted against time as taken from 
the motion picture record. Fig. 16a shows the initial 
condition a moment after the voltage at (A) was 
depressed to about 67 per cent of normal. Fig. 16b 
shows conditions at the instant the fusible link re- 
presenting breaker C, cleared. The fuse representing 
breaker A failed to clear and Fig 16c shows the angular 
relation existing when stations No. 3 and No. 4 were 
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at their extreme angular displacement. With the 
internal voltages in the generators maintained, the 
system will not pull out of step even though breaker A 
fails to clear the fault. This may be ascertained from 
Fig. 15 since the maximum angle of 140 deg. between 
stations No. 3 and No. 4 did not cause pull-out, and 
they are swinging back toward a smaller angle. The 
advantage gained by the use of high-speed excitation, 
which in so far as practical, maintains the internal 
voltage in the generators, is evident from an inspection 
of Fig. 16c. 


Abridgment of 


Automatic Switching of Incoming Lines and 


Transformers Supplying Power to A-C. Substations 
BY A. E. ANDERSON: 


Synopsis.—The early applications of automatic switching were 
confined principally to equipment which supplied or handled the 
oulgoing power, such as conversion apparatus and outgoing feeders. 
As the field broadened and the capacity of the stations increased it 
became necessary to provide for greater continuity of incoming power. 
In order to meet this requirement it has been customary to bring two, 
and occasionally three, incoming lines. 

It is the purpose of this paper to describe briefly some of the more 
common forms of this type of automatic switching. By making a 
few minor modifications of the schemes which are described it has 
been possible to automatically control a complete loop or ring system. 

Balanced power or parallel incoming lines are quite common. 


INTRODUCTION 


T present a total load of over 500,000 kv-a. is 
being cared for by theequipments covered by this 
paper. The voltages range from 2.3 to 132 kv., 

while the capacity per substations so controlled averages 
approximately 5000 kv-a., the lower limit being 1000 
kv-a. and the upper slightly in excess of 25,000 kv-a. 
It is felt that the application of these equipments will 
be greatly increased in the future. There are many 
substations at present being fed by one incoming line. 
Extension of the system in the future, and perhaps, in 
addition, the increasing importance of the load supplied 
by such stations may result in connecting these stations 
to another nearby line, or lines. Again, a new or 
existing station may be called upon to supply a type of 
load where continuity of service is of primary con- 
sideration. It is not the purpose of this paper to cover 
the various system protective features, since this is a 
subject in itself. Attention will be given to the opera- 
tions’ performed by the automatic control from the 


1. Switchboard Engg. Dept., General Electrice Co., Phila- 
del phia, Pa. 
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Ordinarily two such lines are used, although as many as siz have 
been contemplated. All lines are usually carrying power to the 
substation unless a fault has developed. When cleared of the fault, 
the line (or lines) 1s automatically replaced in service. 

In case of the preferred—emergency—type of equipment, it is 
customary for one line (the preferred) to carry the substation load. 
The second line (emergency or standby) takes this load upon failure of 
the first line. The application of these units to a system usually 
determines the sequence of operation between the two lines. A few 
typical combinations are described and illustrated. 

A brief description of automatic synchronizing and transformer 
switching has been included. 


point of the individual installation rather than the 
system in general. 

The customary solution is to bring in another source 
of power through a second and sometimes a third in- 
coming line. The use of two incoming lines for such 
installations is quite common. Another example of this 
type of equipment is in the automatic control of loop 
or ring systems, which, at times, require automatic 
synchronizing in addition to the usual control. Auto- 
matic supervisory equipment is sometimes used in 
conjunction with this form of control. 


BALANCED POWER OR PARALLEL INCOMING LINES 


A very common form of incoming lines are the 
parallel or balanced power as illustrated in Fig. 1. 
This type of substation is fed from the same generating 
station by means of two lines of practically equal 
impedance. In case of a current unbalance, as caused 
by a fault on one line, the oil circuit breaker feeding 
this line from the generating station is tripped as well 
as the corresponding breaker at the substation. 

The substation breakers reclose only when three- 
phase voltage has been established on the incoming 
line for a definite time. This means that the cor- 
responding generating station breaker must be reclosed 
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either manually or automatically and attempt to re- 
establish service on the line. In case of short circuit 
conditions, onlya fewsuch attempts are made and con- 
sequently, the substation breaker does not reclose. 
In this manner, the brunt of the overload duty is 
thrown on the generating station breaker. 

The three-phase voltage indication for a definite time 


To Source of Power 


Transformer 


Outgoing Reclosing Feeders 


Fic. 1—One Line Diacram. Two-BaALANCED POWER OR 


PARALLEL INCOMING LINES 


Normally, both A and B are closed. A or B trip on unbalanced power 
and reclose on voltage restoration. 


shows that the fault has been removed and the line 
clear. The time delay is used in order to permit any 
protective relays to operate before the substation 
breaker is closed. 
PREFERRED-EMERGENCY INCOMING LINES FROM 
SYNCHRONOUS SOURCES 


‘This type of equipment may be considered as a 


To Source of Power 


These Lines are Assumed 
to be in Synchronism 


at all Times 


Transformer 
Bank 


Outgoing Reclosing Feeders 


2—OneE Line Diacram. Two PREFERRED-EMERGENCY 
INcouiNG Lines From SYNCHRONOUS SOURCES 


Normally, either A or B is closed, and trips on voltage failure, provided 
voltage conditions are proper on the other (emergency) line. Restoration 
of voltage to the preferred line results in retransfer of the load to that line. 
Under certain conditions A and B may be closed simultaneously for a short 
interval. Either line may be made the preferred 


Fic. 


modification of that just described. Due to the fact 
that the two incoming lines, (Fig. 2), are of different 
impedance, enough current unbalance might be ob- 
tained to operate any protective relay if both breakers, 
A and B, were closed for any appreciable time. In 
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addition, any connected load on these lines may require 
that both lines be normally disconnected from each 
other. Consequently the load at this substation is 
normally supplied from one line called the preferred or 
normal. The other line, called the emergency or 
standby, is used only in case it is in good condition 
and voltage has failed on the preferred line. Upon a 
loss of voltage on the preferred line, with suitable 
voltage on the emergency line, first the preferred breaker 
is tripped, followed by the closing of the emergency 
breaker. In making the retransfer from the emergency 


Fic. 3—PaNEL-MouNTED Devices ron CONTROLLING Pre- 
FERRED-EMERGENCY INCOMING LINES From SYNCHRONOUS OR 
Non-SyncHronous Sources, A8 WELL AS FOR CONTROLLING 
NoN-PREFERENTIAL INCOMING LINES 


to the preferred line, with suitable voltage conditions 
on both lines, both breakers are closed for a short time. 
This temporary overlap is so short that protective 
relays will not operate, and result in a retransfer without 
dropping the load. The choice as to which line is the 
preferred or emergency depends on local conditions, 
and can readily be made by a transfer switch. 

This type of equipment, as illustrated in Fig..3, is 
usually furnished with two transfer switches. One is 
used to select the “preferred” and “emergency” sources 
from the two incoming lines. The other is used to 
enable the equipment to be operated entirely automati- 
cally or entirely manually. These two latter functions 
are kept independent of each other. 


June 1928 


PREFERRED-EMERGENCY INCOMING LINES FROM 
NON-SYNCHRONOUS SOURCES 


This type of equipment may be considered as a modi- 
fication of that described above and is used where the 
two incoming lines are assumed to be out of synchronism 
at all times. "Therefore, one breaker must be opened 
before the other breaker can close. If this is not done, 
then the incoming line equipment will connect two 
generating stations which may be out of synchronism. 
Either line may be made the preferred as explained 
above. 

Undervoltage conditions for a predetermined time 
will cause the preferred breaker to be tripped by voltage 
from the emergency line after which the emergency 
breaker is closed. A return of voltage to the preferred 
line, will cause the emergency breaker, after a time delay 
to be tripped and the preferred breaker to be closed. 
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No attempt is made to go from one line to the other 
unless the line to which the transfer is to be made is in 
better than, or as good condition as, the one that has 
been supplying power previously. 


NON-PREFERNTIAL INCOMING LINES 


At times, it has been found advisable to allow either 
incoming line to feed the load as long as proper voltage 
conditions exist on its line regardless of conditions on 
the other line. If voltage fails on this line and con- 
ditions are satisfactory on the other, then its breaker will 
trip, and the other close. The other line continues to 
feed power to the load regardless of a return of voltage 
to the first line. 

Due to the fact that one breaker is always open before 
the other can close, these equipments may be connected 
to synchronous or non-synchronous sources. 


COMBINED RECLOSING AND PREFERRED-EMERGENCY 
INCOMING LINES 


Another common application is one in which two 
preferred-emergency incoming lines supply only one 
outgoing feeder. Overload protection is provided so 
as to trip whichever breaker is closed. If overload 
conditions persist, a certain number of reclosures is 
` permitted, after which, the equipment is locked out. 
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PARTIAL AUTOMATIC PREFERRED-EMERGENCY 
INCOMING LINES 


A limited form of incoming line equipment is ob- 
tained by using one manually operated and one motor- 
operated breaker. The manually operated breaker is 
connected to the preferred line while the motor-operated 
breaker is connected to the emergency line. 

Upon failure of voltage on the preferred line, its 
breaker is tripped, after which the emergency breaker 
is closed. The equipment remains in this position 
until the retransfer is made, manually. 

A disadvantage of this type is that the emergency 
line may subsequently fail with its breaker closed and 
voltage return to the preferred source. Since the 
preferred breaker is manually operated, itis necessary to 
wait for the arrival of the operator or inspector to 
effect the retransfer. 


4— ELEMENTARY DIAGRAM FOR Two PREFERRED-EMERGENCY INCOMING LINES FRoM SYNCHRONOUS SOURCES 


AUTOMATIC SUBSTATIONS SUPPLIED BY MORE THAN 
Two INCOMING LINES 


Fig. 4 shows a one-line diagram of an automatic 
station that is supplied by a number of incoming lines 
with their respective transformer banks. Line A and 
its associated transformer are for emergency and take 
the place of any line or transformers that have failed. 
Lines B, C, and D are the normal sources of power. 

Normally, line D and its associated transformer feed 
the low-voltage bus sections, which are now tied to- 
gether. Whenever sufficient load demand occurs, the 
second bank is brought on and the first bank carries 
only its section of the bus with its connected outgoing 
feeders. Continued load demand brings on the third 
bank with the same resulting connections. The low- 
voltage bus is now completely sectionalized and each 
incoming line feeds its share of the outgoing feeders 
direct from the generating source. This results in 
radial or stub feed direct from the source to the load 
and also in a simple relay protective scheme. 

If any line or bank fails, it is taken out of service and 
replaced by the emergency line. The remaining lines 
(in good condition) feed their share of the load direct 
as in the case of switching under normal conditions. 
The relays make the proper set up, after which the 
panel-mounted drum controller completes the required 
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switching operation. The use of a drum controller 
for such equipment greatly decreases the number of 
contacts necessary on the relays and also results in a 
positive sequence of operation. 


AUTOMATIC TRANSFORMER LOAD RESPONSIVE AND LOAD 
RATIO CONTROL EQUIPMENT 


In the case of load responsive switching of trans- 
former banks, one bank carries the substation load dur- 
ing light load periods. The second bank is connected 
when the load on any one phase increases to a pre- 
determined value. When the load on all three phases 
decreases to another predetermined value, the second 
bank is disconnected. 

Theindication for bringing on or taking off the second 
bank is obtained from current transformers connected 
in the line. Where two or three power transformers are 
used, it is found advisable to parallel the current trans- 
former secondary circuits and totalize the current on 
each phase. This permits the use of a fewer number of 
master relays with a resulting simplification of relay 
calibrations. If one set of relays is used for each bank 
it becomes necessary to provide a gap in the relay cali- 
brations, in order to avoid having two sets of relays 
calling for opposite switching action. 

Differential and thermal protection are ordinarily 
provided. Upon failure of one bank, it is immediately 
disconnected and locked out, the remaining bank then 
takes its place and no further load responsive switching 
is performed until the lock-out relay or relays are 
manually reset. This enables the equipment to be 
inspected and the cause of failure ascertained before 
the unit is replaced in service. Either bank maybe 
made the “‘leading”’ or *'trailing" by means of a transfer 
switch. 

Automatic switching equipment has been recently 
applied to transformer tap changing (under load). 


To adjust the line voltage in accordance with the 
changing load, the high-voltage windings have eleven 
taps of 215 per cent each. To permit a change of taps 
without interrupting the load, a part of the high-voltage 
winding is made in two sections, normally operating in 
parallel and dividing the load equally. Each of these 
winding halves is connected to an eleven-point ratio 
adjuster (Fig. 5), and the resulting circuits brought out 
of the transformer tank to two three-pole oil circuit 
breakers. | 

Consequently, it is possible during the tap-changing 
period to open-circuit one section in each phase, and 
change the voltage tap in this open-circuited section 
while the other section temporarily carries the entire 
load of the transformer. 


AUTOMATIC SYNCHRONIZING OF INCOMING LINES 


In general, there are two conditions under which an 
incoming line should be synchronized with the bus. 
One condition is where two sections of a system are 
already tied together at some other point. "This means 
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that the two voltages, at the open breaker terminals, 
are stationary with respect to each other, but may have 
a certain phase displacement due to circuit conditions. 


In case two sections of a system are cut apart, it 
will be found that the two voltages, at the open breaker 
terminals will be rotating with respect to each other at 
a frequency equal to the frequency difference between 
the two generating stations. The equipment in the 
automatic substation, has no control over the governors 
in either generating station, so that the closing operation 
of the breaker is determined by other factors, which are, 
first, that the frequency differential must be less than a 
certain value and secondly, the breaker closing impulse 
must be given enough ahead of synchronism so as to 
enable the breaker to be closed when the point of 
synchronism is reached, in other words, at ‘‘12 o'clock." 

The calibration of the synchronizing relays for the 
two different operating conditions is such that one is 
inoperative under conditions under which the other 
functions. 


It has been found advisable to use a separate syn- 
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5—Onge LINE DiaGRAM. Two PREFERRED-EMERGENCY 
INcoMING LINES From NoN-SvyNcHRONOUS SOURCES 
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Normally, either A or B is closed, and trips on voltage failure, provided 
voltage conditions are proper on the other (emergency) line. Restoration of 
voltage to the preferred line results in a retransfer of the load to that line. 
Breakers A and B are not closed at the same time. Either line may be 
made the preferred. 


chronizing relay combination for each breaker. Differ- 
ent breakers have different closing chracteristics, and 
even though a number of breakers could use a common 
synchronizing relay it has been found that the resulting 
scheme would be more complicated, less flexible, and 
more expensive than the individual control. 
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Abridgment of 


Metallic Arc Welding Electrodes 


A Study of the Effects of Surface Materials 
BY J. B. GREEN: 


Non-member 


Synopsis.—To understand the effect of surface materials on 
metallic arc welding electrodes, something must be known as regards 
the fundamental theory of arc heat distribution, arc vapor resistance 
and similar matters which are modified by the presence of surface 
materials. The character of the arc may be changed by chemical 
and structural variations in the surface materials. Stability 1s one 
such arc characteristic. : 

Two types of stability are recognuized,— chemical and electrical. 
Surface materials have a significant influence on the brittleness or 
ductility of weld metal. They also can be used to control the arc 


URFACE materials fundamentally may vary 
chemically or structurally. Chemically, their vari- 
ation is almost infinite and structurally; they may 

be coarsely or finely powdered or may be fibrous; they 
may be crystalline or amorphous; they may be applied 
evenly or unevenly, more on one side than the other, 
more at one end than the other or in single or multiple 
layers. Also, the relative mass of surface to electrode 
material may be varied. 


Taking up first the chemistry of the surface materials, 
it is found that both the arc heat distribution and total 
arc heat may be influenced through this fundamental. 
The electrodes themselves are metallic; hence they are 
first-class electrical conductors. The surface materials 
are most commonly non-metallic and are therefore 
only second-class conductors. When the vapor of a 
second-class conductor predominates in the arc stream, 
the higher the temperature, the lower the resistance. 
This state of affairs tends to increase arc stability, 
since a given variation in are length produces a lesser 
variation in resistance. The arc is complex and most 
observed tendencies are usually the algebraic sum of 
several tendencies. For example, an absolutely clean 
iron electrode operates with greatest stability when 
made the positive terminal of a d-c. generator because 
the thermocouple action is such that the preponderance 
of heat appears at the negative end of the arc stream. 
By applying an inappreciable coating of calcium 
hydroxide, this thermocouple action is reversed and the 
are becomes less stable, although the surface material 
is a second class conductor. Reverse the direction of 
of the welding current and the stability is restored. 
Increase the quantity of the calcium hydroxide and the 
stability increases until the arc stream becomes 
saturated with the resultant vapor, after which further 
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type, four such types being recognized. The influence of surface 
materials on the heating of electrodes 1s another phase of the matter of 
practical significance. Surface materials may be employed to 
control both the operating characteristics of the electrode and the 
resultant weld properties. Among the operating characteristics 
might be mentioned stability and rate of melting. Among the weld 
properties are included freedom from blow-holes and tensile strength. 
These and other practical applications of a comprehensive knowledge 


of surface materials are cited in this paper. 
k k * * œ 


increase of stability ceases regardless of additions of the 
surface materials. 

A welding rod was prepared to show the significance 
of surface materials as just indicated. The bottom or 
starting end of this electrode possessed no surface 
materials, the center had the residual wire-mill lubri- 
cants, which became essentially calcium carbonate by 
the time the electrode was used, and the top coated with 


VOLTS 


C’ 


AMPERES 


Fic. 1—VOLT-AMPERE CURVES “HISSING? AND 


“SILENT” 


OF THE 
ARCS 


the usual commercial flux composed of calcium car- 
bonate together with siliceous materials. As such an 
electrode is run with direct current, (regular polarity), 
the first third gives a very unstable arc, the middle 
third, an are which is commercially acceptable, and 
the top third, a very stable are. All this seems due to a 
combination of arc heat distribution and are vapor 
resistance. 

To better understand the effect of surface materials 
on are stability something must be said of stability 
itself. This matter is quite complex, but broadly, 
there is electrical and chemical stability. As the arc 
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length increases, its resistance goes up, the arc voltage 
rises and the current falls. It is inherently unstable. 
Therefore ballast resistance must be introduced in a 
constant potential source of supply current, or other 
stabilizing means be provided in a variable potential 
supply. 

Chemical stability is no doubt due to violent chemical 
reactions taking place in the arc, usually between the 
electrode materials and surrounding atmosphere. It is 
well known that as the current is increased from zero, 


2—THREE STAGES OF THE TRANSFER OF A SINGLE DROP OF 
MorTEN METAL AS Ir TAKES PLACE IN METALLIC ARC WELDING 


Fia. 


the arc is at first silent, then the voltage drops, making 
a volt—ampere curve of seemingly hyperbolic form. 
This is shown in Fig. 1 from A to B. At B it drops 
suddenly and continues on in much the same form 
from B'toC'. The arc, after passing the critical point 
B, hisses. This drop appears to be due to the intro- 
duction of the vapor of a second-class conductor, 
a product of chemical reaction, and this same chemical 
reation produces the hiss. If a hissing arc is sur- 
rounded with a chemically inert atmosphere, the hiss 
ceases and the arc voltage rises to values indicated 
on the line B-C. 

In Fig. 2, is shown a picture of the welding arc taken 
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3—ARCS WITH THREE TvPEes or ELECTRONS 


Left coated with thorium oxide 
Center uncoated 
Right coated with berylium oxide 


with infra-red light showing three stages of the transfer 
of a single drop of metal in the metallic welding arc. 
In taking these photographs and others shown in this 
paper, a light filter was interposed between the arc and 
the plate, and this allowed substantially infra-red 
light only to reach the plate. At the left, in Fig. 2 
the drop has reached maximum size and is about ready 
to capillary across to the deposit. Note that the drop 
is almost completely surrounded by the arc flame and, 
just prior, it was so surrounded. In the center, the 
drop has just touched the deposit metal. Note that 
the flame has disappeared and that a white hot, but 
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still solid, collar is left on the end of the electrode. At 
the right the drop is about to neck off re-establishing 
the arc. The collar is still in evidence. This collar 
quite evidently represents the material receiving 
maximum contact with the surrounding atmosphere 
while at temperatures most apt to combine with the 
oxygen and nitrogen. An inert surface material which 
is fluid and tends to wet this white hot collar obviously 
protects it from contact with the surrounding atmos- 
phere. Thorium oxide is such a material and a mild 
steel electrode coated with it gives an arc practically 
as silent as that between carbons. 

In Fig. 3 this arc is shown at the left. Note the 
large size of the drop as compared with the one at the 
center from the same electrode uncoated. The elec- 
trode with thorium oxide permits the drop to form 
without being literally blown off before reaching 


4—ErratTic Core Type Arc 


Fic. 


maximum size by violent chemical action. At the 
right is an arc from the same electrode coated with 
berylium oxide. Note that this is smaller than that 
from the uncoated electrode at the center. The 
chemical action seems more violent and the drops are 


| detached very rapidly. Each of these views were 


selected from several thousand pictures taken as repre- 
senting the largest drop in each case. 


These pictures lead to a few remarks on arc types, 
all of which may be produced by surface materials. 
At any certain current, every electrode tends to give 
some one of the four recognizable arc types. The one 
at the top is a steady core type while the one at the 
bottom is a sheath type; the hollow center of which 
cannot well be represented by photography. In the 
steady core type the arc tends to pull off the bottom 
center evading the upper edge of the drop. In Fig. 4 
the reverse is true, an erratic core type arc being shown 
which tends to pull off only from the upper edge of the 
drop. This is a very difficult arc for the welder to 
handle. A saturated arc is shown in Fig. 5, the arc 
stream pulling off from the entire cross-section of the 
electrode. This is probably the most satisfactory arc 
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for the welder to handle. The sheath type is probably 
a special form of the erratic core type, or vice versa, 
the arc merely pulling off from all points of the upper 
edge of the drop at once. This leads to the conclusion 
that the different arc types are the resultant of the 
absolute resistance of the arc vapor stream and the 
relative resistance as between the central and outer 
portions. A steady core type arc often may be changed 
to a saturated type by merely increasing the current 


Fig. 5—SaTURATED Type Arc 

density. Some electrodes melt in their entirety on 

account of resistance heating before the current density 

is raised to the point that a saturated arc results. 
The influence of surface materials on the heating of 


DEGREES FAHRENHEIT 


6—EFFECT OF ELECTRODE SURFACE 


A. Bare 
B. Green surfaced 
C. Polished 


electrodes is another phase of the matter of practical 
significance. Most electrode heating is due to poor 
holder contact and so perfect contact must be assured 
in studying the effect of surface materials themselves 
in this respect. In Fig. 6 are shown the curves 
obtained by allowing the same electrode to reach 
equilibrium temperatures in the air at various currents, 
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the surface only being varied for each curve. It will 
be noted that less current is required to heat what is 
known as a bare electrode as shown in Curve A, pos- 
sessing only the residual wire mill lubricants as a coat- 
ing, than the heavier coated green surface shown in 
Curve B, or the polished rod shown in Curve C which 
is free from all surface materials. Conversely, the 
green surface and polished rods will carry higher 
welding currents than the so called bare finish. 

To most people the practical application of all this 
fundamental theory is the interesting thing. Both 
operating characteristics and weld properties may be 
controlled through the intelligent employment of sur- 
face materials applied to metallic arc welding electrodes. 
Possession of the handbook data on the subject permits 
deliberately designing an electrode for a specific pur- 
pose. Not many years ago, electrodes were developed 
by hit or miss experimenting and a use found for them 
after they were developed. Handbook data cannot 
very well be developed without a knowledge of the 
fundamental theory. It would be like trying to design 
structural members without a knowledge of moment 
of inertia, for example, which requires calculus to 
compute. 

One of the earliest applications was in Europe where 


Fig. 7— LONGITUDINAL CROSS-SECTION OF A (CHROMIUM 
STEEL METALLIC Arc WELD DEPOSIT UsED TO Stupy Brow- 
Howes IN WELDS 


alternating current is largely used for welding. The 
bare electrode seldom gives sufficient stability for a-c. 
welding as a commercial process and so slag or flux 
coated electrodes were developed. The welding of 
mild steel has become a production process subject to 
all the competition of other such processes. The 
electrode, therefore, must exactly fit the job. Every 
different set-up represents a different set of conditions 
to be met. Sometimes quality is involved. The 
weld must be free from blow-holes. These are the 
result of a race between the escaping gas and the solidi- 
fying metal in which the gas loses and is imprisoned in 
the weld. Fig. 7 shows the blow-holes in a piece of 
stainless steel. Such steel offers an excellent oppor- 
tunity to study the subject of blow-holes because they 
are generally elongated and thus indicate their origin, 
their extent of travel and direction of travel. Through 
the proper use of surface materials on the electrode 
the distribution of arc heat may be controlled and the 
blow-holes held at the bottom of the weld, allowed to 
reach the center or the top, or to escape entirely leaving 
a sound weld. 

Often oxides and nitrides are found in arc welds 
representing a content of 1 per cent in mild steel, 
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while all other elements, other than iron, are not over 
14 per cent. Thus in determining the physical prop- 
erties of the weld in so far as such properties de- 
pend on the chemical analysis of the deposited metal 
these oxides and nitrides are often the predominating 
factor. Surface materials may be used to protect 
the transferred metal so that the brittleness incident 
to the presence of oxides and nitrides is reduced or 
eliminated. a 

Again, competition may demand that welds be made 
at high rates of speed. For example, 14-1n. plate 
welding has been done by beveling the edges and run- 
ning three layers of weld metal, usually brushing and 
often caulking each layer as laid. For the highest 
quality work of this sort, three feet per hour per opera- 
tor is good practise. By using the surfaced electrode 
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developed in the author's laboratory, which alters the 
arc heat distribution, sound welds fuzing clear through 
a 14-in. plate have been made at a rate of over 20 ft. 
per hour on plates butted together without beveling 
and with one passage of the electrode. _ 

These are only a few out of the very many practical 
applications of a knowledge of surface materials on 
metallic are electrodes. Furthermore, the effect of 
surface materials is only one consideration of are weld- 
ing. Metallic are phenomena are extremely complex 
and when used for welding, the complexity is tre- 
mendously inereased. Knowledge of the subject is 
very far from complete and probably the greatest 
opportunity for future fundamental research lies in 
discovering adequate means for measuring the arc 
thermocouple voltages. 


Dividing Load Economically Among Power Plants 


by Use of the Kilowatt—Killowatt-Hour Curve 
BY A. WILSTAM: 


Associate, A. I. E. E. 


REQUENTLY, it becomes necessary for various 
reasons to study the relations between the output 
and the plant capacity of part of an electric system 

as distinguished from the whole capacity and the whole 
load. For example, it may be desired in asystem of, say, 
100,000-kw. capacity, to know how many kilowatt-hours 
will be absorbed by the load between the 50,000-kw. and 
75,000-kw. loads, or how many kilowatt-hours lie 
below or above the 50,000-kw. line. One instance when 
such information is valuable isin estimating fuel cost 
for a year in the future. When operating steam plants 
where the system contains units of higher and lower 
fuel economies and where it is desired to get the greatest 
use out of the more efficient units and hold those of 
lower efficiencies for peak loads, the course can well be 
to forecast the output of each kind of plant and to 
predict the amount of fuel to be required by each. 

If the utility generates electricity from both water 
and steam power, the importance of designating the 
right position in the load curve to the various power 
resources becomes paramount. 

A utility may generate power from stream flow 
plants without water storage, where the daily power 
generated is rather constant. This power may be 
considered as base power, operating for 24 hr. Power 
generated from stored water in an up-to-date plant is 
easily regulated and may be governed to take most, if 
not all, of the daily variation of the load uptoitscapac- 
ity or water supply. Steam units of high efficiency 
may be operated at their best rated efficiency on block 
loads; and steam plants or units of lesser efficiency may 
be used to advantage on peak loads. 


.l. Electrical Engineer, Southern California Edison Company. 
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The Southern California Edison Company, operating 
a number of steam and water-power plants, some of 
which operate from stored water, has for a number of 
years given serious study to economical production and 
to a balanced proportion of steam and water power 
most suitable to conditions existing in central and 
southern California, and in order to meet the constantly 
growing power market, it has been compelled to pro- 
gram its operations years in advance. It was due to 
this effort that in 1916 a certain load curve was devised 
which has proven to be of great value in estimating 
future loads. 

This curve is shown in Figs. 2, 3, 4 and 5. 

It can be made to apply to either days, months or 
years, but the monthly curve is the one most suitable 
for general purposes. 

The longer the period considered, the more accurate 
the curve will be. 

Referring to the figures, Fig. No. 1 illustrates a daily 
system load curve, such as is usually plotted and kept 
by most of the power companies. From a curve of 
this kind, or from records from which it is made, the 
load curve particularly referred to in this article may 
be made up. 

Fig. No. 2 is a reproduction of the first curve regu- 
larly made and kept in the files of the company and 
represents the load as of June 1917. 

By examining the curve, it will be seen that the total 
output for the month was 62,000,000 kw-hr., the maxi- 
mum peak 135,000 kw. and the minimum demand 
during the month 40,000 kw. 


This load curve was made up from completed monthly 
records taken of the kilowatt readings at half-hour 
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intervals during the month of the total system load 
by the following method: 

On a suitable cross-section paper which had pre- 
viously been prepared by marking a horizontal scale 
to represent 1,000,000 kw-hr.and a vertical scale to 
represent kilowatts, see Fig. No. 2, make the distance 
on the horizontal line A-B equal to the output in 
kilowatt-hours for the month. From B draw a vertical 
line B-D to represent the kilowatt demand, point D 
being the maximum peak for the month. Locate a 
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Fic. 1—Tortrau Dairy System Loap, June 1917 


point C on line B-D corresponding to a kilowatt demand 
at 100 per cent load factor. Connect A with C. 
Locate E on line A-C, this point representing the 
minimum demand in kilowatts for the month. From 
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Fic. 2—KiLowaTr—KiLowaATT-HovR Curve, June 1917 


E to D, finish the curve by plotting from the records 
of the hourly readings as indicated below. 

At point E, see Figs. 1 and 2, the minimum monthly 
demand is shown to be 40,000 kw., being the lowest 
demand for the month, which means that 40,000 kw. 
has been maintained throughout the whole month or 
for all of the 720 hr. of the month, so the kilowatt- 
hours at this point are 720 x 40,000 - 28,800,000. 
This point E on the curve represents a load of 100 per 
cent load factor. 


WILSTAM: DIVIDING LOAD ECONOMICALLY AMONG POWER PLANTS 


431 


At a point indicated by, say, 80,000 kw., the area, 
see Fig. 1, between a line drawn horizontally 
through this point and a line drawn similarly through 
point E, at 40,000 kw., is found by compiling the hour 
or half-hour readings to contain 22,200,000 kw-hr. The 
total kilowatt-hours, therefore, at this point on the 
curve, as shown in Fig. 2, should be 28,800,000 + 
22,200,000 = 51,000,000. The curve therefore, will 
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FOR YEAR 1918 rRoM ACTUAL PLOTTINGS 


Southern California Edison Co., Los Angeles, Calif. 
Number of curves refer to consecutive months of the year 
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30 day month—720 hours., maximum peak 135,000 kw. 
Output 62,000,000 kw-hr., load factor 64 per cent 
Minimum demand 40,000 kw. 


run through a point indicated by 80,000 kw. and 
51,000,000 kw-hr. This point we will call X. 

At a point indicated by 100,000 kw., the area between 
this point and point X is found as above outlined to 
contain 6,500,000 kw-hr. The total kilowatt-hours at 
this point are, therefore, 51,000,000 + 6,500,000 
= 57,500,000. The curve, therefore, will run through 
a point indicated by 100,000 kw. and 57,500,000 
kw-hr. This point we will call Y. 
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Point Dasshownin Fig. 2is indicative of the total kilo- 
watt-hours and the maximum kilowatts for the month. 

The curve, then, as plotted, can be drawn from A to 
E through points X and Y to D. "The above, of course, 
indicates only the method; when actually making the 
curve, sufficient points should be taken and the curve 
made large enough for practical purposes. 

This kind of curve was plotted from actual data in a 
laborious way for each month, commencing with June 
1917 and going up to January 1923, when this method 
was discontinued, as it was found that when the kilo- 
watt-hour output, maximum monthly peak and mini- 
mum monthly demand were known, a curve could be 
constructed in a few minutes, that was good enough for 
estimating purposes. 

Fig. 3 shows in a comparable way the total monthly 
system load curves as plotted for year 1918. 

Fig. 4 shows the monthly system load curve as now 
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Fic. 5—APPLICATION OF REsOURCES TO ESTIMATED MONTHLY. 


Loap BY THE USE oF THE KILOWATT—KILOWATT-HovurR CURVE 


being used. To construct this curve, the following 
three factors are necessary: 

1. Monthly output in kilowatt-hours, 

2. Maximum monthly peak in kilowatts, 

3. Minimum demand in kilowatts during month. 

How to Construct the Curve. Referring to Fig. 4, 
draw line A-B, equal to kilowatt hour output for the 
month. From B draw a vertical line B-D, equal to 
maximum demand in kilowatts for the month; locate 
C on line B-D, point C corresponding to the kilowatt 
demand for the month for 100 per cent load factor; 
connect A with C. Locate E on line A-C, this point 
being the minimum demand in kilowatts during the 
month. From E to D construct a parabolic curve with 
tangent points at E and D as shown. Then the curve 
A-E-D is the monthly load curve in question. 

It will be seen from examining this chart that the 
breaking off from 100 per cent load factor occurs at E, 
in this particular case at 40,000 kw. and 28,800,000 
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kw-hr., and that the load factor beyond E varies from 
100 per cent at E to zero at D. 

How to Use the Load Curve. The primary purpose 
for which this curve was developed was to properly 
allocate the available resources to a future estimated 
load, so as to get the most from those resources with the 
least expense. Fig. 5 illustrates the application of 
resources to an estimated monthly load for a power 
company having both hydroelectric and steam plants. 
Referring to the figure, it will be seen thatthe allocation 
of the available resources is as follows: 


Kw-hr Kw. 

Stream flow plant without storage at base of 

load, 100 per cent daily load factor.......... 14,500,000 20,000 
Most economical loading on high efficient steam 

plants or ünits. ovs eva RIDE OR RES RS n 21,000,000 30,000 
Water power from stored water up to plant 

capacity limited by the annual distribution 

of water SUDDIY... «ve vere es oes Ce ee ER 22,000,000 50,000 
Steam power over peak. ...............eeess 4,500,000 35,000 
Total estimated monthly load................ 62.000,000 135.000 


Of course, the above allocation is only illustrative. 
The curve and general method of loading are applicable 
to any resources or load, whether hydroelectric, hydro- 
electric and steam, or steam alone, having plants or 
units of different efficiencies. 


MORE ILLUMINATED AIR MAIL 
ROUTES 


According to a recent announcement, National Air 
Transport will extend its overnight mail and express 
routes into Tulsa, Okla., and into Detroit, as soon as the 
government can install the necessary lighting equip- 
ment. Representatives of the United States Depart- 
ment of Commerce are now engaged in making their 
survey and it is expected that operations will start 
over the new extensions within the next three months. 

A novel lighting plan, adopted from river navigation 
lights, will be put into use on the 75-mile Ponca City- 
Tulsa extension. This plan has been worked out by 
government and air transport engineers in consultation 
with L. D. Seymour, Chief Engineer of National Air 
Transport. A thirty-foot steel tower will be erected 
approximately every three and one-half miles on the 
Tulsa line. On top of the tower will be mounted an 
acetylene-gas fixed or bulls-eye type of drum lamp 
equipped with eighteen-inch lenses throwing its beams 
in opposite directions along the course of the flight, 
Above the bulls-eye will be a dome-like acetylene 
blinker lamp of 15,000 candlepower, whose light will be 
visible to the flyer above at all degrees of the zenith, 
for a distance of several miles. "The fixed, or bulls-eye 
lamps will be of 50,000 candlepower each and it is 
stated that they will be visible in clear weather at a 
distance of forty miles.-- Transactions, I. E. S. 


Abridgment of 


Conowingo Hydroelectric Project 
of The Philadelphia Electric Company System With 
Particular Reference to Interconnection 
BY W. C. L. EGLIN: 


Fellow, A. I. E. E. 


Synopsis.— This paper discusses the interconnection belween 
three of the leading power supply company's in the eastern part 
of the country, the Philadelphia Electric Co., the Pennsylvania 
Power & Light Co. and the Public Service Electric & Gas Co. It 
outlines the physical aspects of the tie-in between the companies 
which is a 220-kv. ring of high-load capacity, triangular in shape 
with sides respectively 49 mi., 82 mi., and 77 mi. long. The 


S a sound basis for developing the relation between 
the Conowingo Project and the three-party inter- 
connection agreement recently completed between 

The Philadelphia Electric Co., the Pennsylvania Power 
& Light Co., and the Public Service Electric & Gas Co., 
it seems advisable to begin by restating, briefly, the more 
important features of the Conowingo Project. 


CONOWINGO PROJECT—GENERAL 


The Susquehanna River has an extremely variable 
flow, ranging from peaks of over 500,000 sec. ft. to 
minimums of less than 6000 sec. ft., sustained for 
months at a time. 

It is this feature more than any other which has 
prevented the construction of a power plant in this 
reach of the river earlier, since the project has been 
studied for about 40 years almost continuously by 
various competent organizations. High-capacity initial 
installation was imperative on account of the size of the 
dam. This precluded independent operation and the 
building up of local load, and involved transmission to 
existing load centers, together with the provision of 
expensive, relay, steam-generating capacity for use in 
the low-flow periods. 

That the project now has become economically 
justified is because The Philadelphia Electric Co. 
System’s load is sufficiently large to absorb nearly the 
entire output of the plant at all times; while operation 
in connection with the existing steam stations in 
Philadelphia (utilizing Conowingo Station on the base 
of the load in high flows and on the peak in low), 
makes relay steam capacity unnecessary. 


CONOWINGO DAM 


Construction was begun in March 1926, and since 
that time, weather and river-flow conditions have been 
so favorable that the original schedule for completion 


1. | Vice-President and Chief Engineer, The Philadelphia 
Electric Company. 

Presented at the Winter Convention of the A. I. E. E., New York, 
N. Y., Feb. 13-17, 1928. Complete copies upon request. 


advantages of the inlerconnection are enumerated as well as some 
of the operating problems. 

Preliminary to the discussion of the interconnection the paper 
discusses the Conowingo hydroelectric project, an important 
factor in the interconnection scheme. The plant has an initial 
installation of 280,000 kv-a. in generators. 

* x * 


has been materially bettered. At present, the dam is 
completed and the pool is full. It is expected that the 
first two units will be in regular operation early this 
year. 

A lake has been formed extending approximately 14 
mi. upstream to the tail-race of the Holtwood Plant 
of the Pennsylvania Water & Power Co. At normal 
and maximum elevation of 108.5 ft. above sea level, the 
area of the pond will be about 8600 acres. With a7 ft. 
draw-down, storage is available to the amount of 
2,500,000,000 cu. ft., which will be utilized in dry 
periods to supplement the river flow. 

Since the former location of the Columbia and Port 


Voltage 


Tire 


Fig. 3—GENERAL SHAPE OF WAVE IMPRESSED ON SPHERE-GAPS 


Deposit Branch of the Pennsylvania Railroad along the 
east bank of the Susquehanna River was to be sub- 
merged, it was necessary to provide a new road bed 
above the 108.5 ft. pond level from just below Holtwood 
to the dam, and below the dam, dropping down at a 
maximum grade of 0.35 per cent to the original level 
at Port Deposit—about 16 mi. in all. 

The dam is a gravity-section, concrete structure and 
is shown in plan and cross-section in Figs. 3 and 4, 
respectively. Concrete piers on 45-ft. centers serve to 
carry the crest gates, the gate-crane bridge, and a 
highway bridge, by means of which the Philadelphia- 
Baltimore Pike crosses the river. 


With all gates open and all wheels at full draft, about 


433 


28-24 


434 


880,000 sec. ft. will be discharged without raising the 
pool level above the normal of 108.5 ft. In comparison, 
the greatest flood recorded (In June 1889, coincident 
with the Johnstown Flood) was 750,000 sec. ft. 


CONOWINGO POWER STATION 


Fig. 5 is a cross-section of the power station. Seven 
generating units are initially installed, (ultimately 
eleven), each consisting of a turbine of 54,000 hp. at 
full gate and 89 ft. net head, 81.8 rev. per min., direct- 


Fic. 4—Cross-SEcTION or MaiN SPILLwAY SECTION 


CoNOWINGO Dam 


connected to a 36,000-kw., 40,000-kv-a., 13,800-volt, 
three-phase, 60-cycle generator; also to a 715-kv-a., 
70 per cent power-factor auxiliary alternator forsupply- 


Fia. Cross-SECTION 


3d—CoNOWINGO PowEken STATION 


ing the more essential auxiliaries; namely the ventilat- 
ing fan, governor pump and unit exciter. 

The generators, coupled in pairs, feed four 80,000- 
kv-a., 13.8/220-kv., transformer banks, placed in open- 
top compartments immediately above the 13.8-kv., 
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switch structures. One extra 26,667-kv-a. transformer 
is provided as a spare for the four banks, The output 
of the step-up transformers is controlled by the 220-kv. 
switching station on the roof of the power plant. 

Fig. 8 is a late view of the dam and power station 
from the west bank down stream. 


220-Kv. LINES 


The 220-kv. transmission lines from Conowingo 
Power Station to Plymouth Meeting Substation, 
(approximately 65 mi. long), are carried on steel towers 
with a normal span length of approximately 1100 ft. 
The right-of-way width is 315 ft. which provides for 
three single-circuit tower lines, spaced 85 ft. apart. 
Initially the two outer tower lines have been built, 
resulting in a present spacing of 170 ft. between lines. 
The three conductors of each line are 795,000-cir. mils 
aluminum, steel-reinforced, and are arranged hori- 
zontally, with a spacing of 2514 ft. Each tower line 
also carries two 183,000-cir. mils aluminum, steel- 
reinforced ground wires. The insulators are of a high- 


Fic. 8—Conowinco Dam AND POWER STATION, FROM WEST 
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strength type with 14 units in suspension strings and 
16 units in strings in strain position. 


INTERCONNECTION—GENERAL 


The interconnection between The Philadelphia Elec- 
tric Co., the Pennsylvania Power & Light Co. and the 
Public Service Electric & Gas Co., the first step of which 
is now practically ready for operation, belongs to the 
trunk line class of interconnection as it is intended to 
facilitate the transfer of large blocks of energy. It is the 
purpose of the three companies by this interconnection 
so to coordinate their construction and operation pro- 
grams as to make it result in a maximum saving of 
investment and operating expense. Load diversity, 
reserve diversity, and the staggering of construction 
among the companies are the principal points of saving, 
and, inaddition, the furnishing of emergency power is an 
important item, although not contributing directly to 
the saving. The studies made preliminary to the final 
agreement indicate that the present contemplated con- 
struction,—namely, a complete 220-kv. ring between 
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the systems with suitable facilities for connecting each 
system to the ring,—when carefully operated, will 
utilize the best advantage all of the diversity occurring 
between the system loads for the coming 10 years. 

In the interconnection plan, each company designs 
and constructs the lines lying within its own operating 
territory, although all three have agreed upon the 
climatic loading conditions and the general basis of 
design. 

Fig. 11 shows a diagrammatic map of this intercon- 
nection. The actual distances (line mileage) are: 
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INTERCONNECTION 


Plymount Meeting to Siegfried, 49 mi.; Siegfried to 
Roseland, 82 mi.; Roseland to Plymount Meeting, 77 
mi. A portion of the existing line from the Wallen- 
paupack Hydroelectric Station of the Pennsylvania 
Power & Light Co. will be utilized as a portion of the 
Siegfried-Roseland line when this is built. The inter- 
connection headquarters for general administration 
and load dispatching is to be established at Siegfried. 

The line now practically completed is that from 
Plymouth Meeting to Siegfried. It is of the same 
general type of construction as the Conowingo Line, 
although a number of details relating to foundation, 
tower design, and insulators were not identical. 


CONNECTIONS FROM 220-Kv. LINES TO THE 
PHILADELPHIA ELECTRIC Co. SYSTEM 


Plymouth Meeting Substation, the junction point 
for the 220-kv. Conowingo and interconnection lines 
and the 66-kv. lines to Philadelphia, was laid out on a 
tract of about 40 acres. The Conowingo and Inter- 
connection lines terminate at the 220-kv. buses, to 
which are connected also the 220/69-kv.transformers 
tying in with the 66-kv. lines to Westmoreland Sub- 
station in Philadelphia. 
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As the single-line diagram indicates (Fig. 14), two 
220-kv. buses are installed, provision being made for an 
ultimate of five 220-kv. lines and six transformer banks, 
with each bus sectionalized by an oil-circuit breaker. 
Any bank or line may be connected to either 220-kv. 
bus, through breakers. The initial installation consists 
of three lines, two from Conowingo and one from the 
Siegfried Substation of the Pennsylvania Power and 
Light Co., and two transformer banks, together with a 
portion of both buses. On the 66-kv. side of the sub- 
station, two buses will be installed with provision for an 
ultimate of twelve 66-kv. lines, together with the six 
transformer banks. The initial installation consists of 
two lines to Philadelphia, and two to the Philadelphia . 
Suburban Counties Gas and Electric Co., and parts of 
both buses. 


A condenser building and a control room are located 
between the 220-kv. and 66-kv. sections of the station. 
Initially, three condensers are being installed, with 
provision for an ultimate of six units. 


The transformer banks are self-cooled with a nominal 
rating of 100,000 kv-a. each; however, with the air-jet 
radiator cooling to be installed, their capacity will be 
increased to approximately 130,000 kv-a. These 
transformers are of the three-winding type, with the 
220-kv. and 66-kv. windings connected star and solidly 
grounded. The delta tertiary winding is rated at 
13,300 volts. Ratio changing under load equipment, 
giving a voltage range of 15 per cent, is provided with 
these transformers. 

The synchronous condensers which are connected to 
the transformer tertiary windings are each rated at 


Fig. 14—SiNGLE-LiNE Dracram oF PLymMoutH MEETING 


SUBSTATION 


30,000 kv-a. and are equipped with extra high-speed 
excitation. 


Relay protection on the 220-kv. lines consists essen- 
tially of special type C Z relays and directional, ground- 
current relays. Transformer banks and condensers 
have the usual differential protection. The 66-kv. 
lines are also protected by C Z and ground-current 
relays. 


436 


The 220-kv. oil-circuit breakers have an interrupting 
capacity rating of 2,500,000 kv-a., and the 66-kv. line 
breakers a rating of 2,000,000 kv-a. 


66-Kv. LINES 


The transmission lines for connection from the 
220-kv. system to the existing 66-kv. Philadelphia 
Electric Co. transmission system are carried from the 
Plymouth Meeting Substation approximately 10 miles 
to Westmoreland Substation in northern Philadelphia, 
generally following along the banks of the Schuylkill 
River. For approximately one-half of this distance 
the conventional two-circuit tower construction is used, 
with an average span length of 800 ft. On account of 
the limited space available for the remainder of the 
distance, a special type of four-circuit towers has been 
utilized; and some of these bridge the railroad right-of- 
way of the Reading Co. On this portion of the line, a 
normal tower spacing of 600 ft. has been adopted, and 
the towers located with a view to the requirements of 
future electrification catenary structure. Two circuits, 
each of 500,000-cir. mils copper, have been constructed 
initially, with provision for an ultimate of six. Two 
ground wires are installed for each of the two circuit 
towers. 


WESTMORELAND SUBSTATION 


The general scheme of connections at Westmoreland 
Substation and the physical arrangement of equipment 
are similar to those of the 66-kv. portion of Plymouth 
Meeting Substation and other Philadelphia Electric 
Co. 66-kv. substations, two 66-kv. buses being provided 
to which any line or transformer bank may be connected 
through oil-circuit breakers. At Westmoreland Sub- 
station provision is made for an ultimate of twenty- 
three 66-kv. sections, five or six of which will be utilized 
by 66/13.2-kv. transformer banks, and the remainder 
by transmission lines to Plymouth Meeting Substation 
and to other 66-kv. substations of the Philadelphia 
Electric System. Bus sectionalizing, including re- 
actors if their use is found necessary, is provided for at 
two points in each bus. 

The initial installation is two overhead lines to 
Plymouth Meeting Substation, two underground lines 
to Richmond Substation, two underground lines to 
Schuylkill Substation, (together with portions of both 
buses), and two 66-kv. feeders to two 18,750-kv-a., 
66/13.2-kv. transformer banks in a nearby substation. 
By late summer, two 66/13.2-kv. transformer banks and 
two synchronous condensers will be installed in the 
13.2-kv. section of the station. Ultimately, three and 
possibly four, transformer banks and three condensers 
will be installed. 

The two banks to be installed will be rated at 60,000 
kv-a. each with possible provision for increasing this 
rating by air-jet radiator cooling. The banks will also 
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be provided with ratio changing under load equipment 
giving a 10 per cent voltage range. 

The synchronous condensers will be rated at 30,000 
kv-a. each, and will be equipped with high-speed 
excitation. 

Relay protection on the 66-kv. lines consists of C Z 
duplex relays for protection against both line-to-line 
and line-to-ground faults. Transformer banks and 
condensers will have the usual differential protection. 

The 66-kv. oil-circuit breakers have an interrupting 
capacity rating of 2,000,000 kv-a. 


RELATION BETWEEN THE CONOWINGO PROJECT AND 
THE INTERCONNECTION 


The Conowingo and Interconnection Projects have 
many favorable reactions upon each other. One of 
these is the common use of facilities for connecting 
the 220-kv. lines with The Philadelphia Electric Co.’s 
existing transmission system. The cost of Plymouth 
Meeting Substation and of Westmoreland Substation, 
for either the Conowingo project or the interconnection 
separately, would have been considerably greater than 
the proportionate share of the actual combined con- 
struction cost. 

While two 66-kv. lines from Plymouth Meeting Sub- 
station to Westmoreland Substation would have been 
required for the Conowingo Project alone, and one for 
the initial interconnection step alone, because of the 
short period of simultaneous maximum demand, two 
lines only are being installed for both the first year. 

The output of the Conowingo Project can be com- 
pletely absorbed earlier with the interconnection, since 
the minimum combined load of the three systems is 
well above the full-load capacity of Conowingo Station. 
Likewise, Conowingo's value in replacement of steam 
generating capacity at all times of the year is greater 
with the interconnection. 

In general, the operation of Conowingo Station will 
be as a base load plant during the periods of high-water 
flow and as a peak-load plant when the water flow is 
low. During the summer, when the flow is low and the 
load curves of all the interconnected system are fairly 
flat, it will be used as a reserve plant owing to the short 
time required for starting up a hydro generating unit. 

It is hoped that this brief presentation of the largest 
interconnection yet attempted, embracing three of 
the leading power supply companies of the United 
States, and including Conowingo Station, (in its ulti- 
mate capacity the largest, single hydroelectric station), 
may be of value to all those interested in the general 
subject, and especially to those who find themselves 
faced by similar problems. 

The author desires to express his thanks to Messrs. 
F. C. Ralston, R. A. Hentz and P. H. Chase of The 
Philadelphia Electric Co., for their helpful assistance 
in collecting and compiling the material contained in 
this paper. 
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Compressed Powdered Permalloy 
Manufacture and Magnetic Properties 


BY W. J. SHACKELTON! 


Associate, A. I. E. E. 


Synopsis.—The paper gives a brief description of the manu- 
facture of magnetic cores of compressed permalloy powder followed 
by information covering their magnetic properties with particular 
reference to their use in loading coils. Production of the powder, 
and its insulation, pressing and annealing, are discussed. Under 


HE method of manufacture and the properties of 
compressed powdered iron cores were described 
by Buckner Speed and G. W. Elmen? in a paper 

presented before the Institute in 1921. 

Some years ago, a nickel-iron alloy, particularly 
valuable for its magnetic properties, was developed.: 
This alloy, known as permalloy, was described by 
Arnold and Elmen* in 1923. Because its permeability 
at low fields is many times higher than for any other 
known magnetic material, permalloy is specially adap- 
ted to many uses in the realm of communication. 
Until recently, however, it has been fabricated only in 
the form of ductile sheets that could be blanked to 
various shapes for use in such telephone apparatus as 
relays and transformers, or in the form of wire or tape 
that could be applied to the continuous loading of 
submarine telegraph cables. 

On account of the low hysteresis loss that is char- 
acteristic of permalloy, its application to the cores of 
loading coils seemed desirable. 

Early attention was directed toward the possibility 
of fabricating permalloy into a powder, and of insulating 
and forming this powder, under high pressure, into 
core parts. Many difficult problems have been en- 
countered in this work; and it was only after a large 
amount of experimental development that the method 
now in use for commercially attaining this end was 
evolved. The present paper describes this method and 
discusses the important, characteristic properties of 
such compressed powdered permalloy cores. 


MANUFACTURE 


Manufacture of Permalloy Powder. The first part 
of the problem, to develop a method for economically 


1. Bell Telephone Laboratories, Inc. 

2. Western Electric Company, Inc. 

3. Magnetic Properties of Compressed Powdered Iron, Buckner 
Speed and G. W. Elmen, Trans. A. I. E. E., Vol. 40, 1921, p. 596. 

4. U.S. Patent 1586884, June 1, 1926, G. W. Elmen. 

5. ''Permalloy, An Alloy of Remarkable Magnetic Prop- 
erties,” H. D. Arnold and G. W. Elmen, Jl. of the Franklin 
Institute, Vol. 195, No. 5, 1923. 

6. U.S. Patent 1523109, Jan. 13, 1925, G. W. Elmen. 

Presented at the Winter Convention of the A. I1. E. E., New York, 
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magnelic properties, permeability, core loss, and modulation are 
treated. Curves are given illustrating the characteristics of interest 
an connection with the design and application of loading coils; and 
comparisons Lo corresponding characteristics of compressed powdered 
iron are made throughout. 


manufacturing on a large scale the fine alloy powder, 
was undertaken and solved by the engineers of the 
Western Electric Co. "This work, due largely to C. P. 
Beath and H. M. Heinicke, has lead totheestablishment 
of a melting and rolling practise by means of which the 
permalloy can be made so brittle that strips 14 in. thick 
can be easily broken by hand. Such brittle material is 
easily reducible to a fine powder by means of a hammer 
mill, a ball mill, or attrition mill. Fig. 1 shows a photo- 
micrograph of a properly rolled slab. The fine crystals 
and the fracture following the crystal boundaries are 
to be noted. 

Manufacture of Compressed Powdered Permalloy. 
Cores made from uninsulated permalloy powder have 
high eddy-current losses, thus making it necessary to 


Fie. 1—PoncELAIN INSULATORS TESTED 


insulate the individual particles before pressing. Early 
attempts at doing this were unsuccessful, partly due to 
the fact that the particles, hardened by the mechanical 
working in the ball mill, sheared through the thin film 
of enveloping insulation during the pressing operation. 
In order to reduce this shearing action it was found 
advantageous to soften the powder by annealing it 
before insulating. This annealing also has a desirable 
effect upon the hysteresis loss. During the annealing 
operation, the powder sinters together into a hard 
cake. This cake, however, is easily reducible to powder 
again by passing it through a rotary crusher and an 
attrition mill. The resulting annealed powder is of a 
silvery white color and contains a wide variety of sizes 
of particles. 

The next part of the problem encountered,—that of 
insulating the permalloy powder,—was decidedly more 
complex than for compressed, powdered iron cores, as 
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insulated powdered permalloy cores must withstand a 
heat treating operation in order to develop their 
characteristic properties. 

The method employed makes use of several refractory 
materials, some of which are mixed dry with the 
permalloy powder, and then others added in a water 
solution. The amount of insulating material added is 
regulated so as to control within limits the permeability 
of the pressed cores. 

The insulated permalloy powder is formed into cores 
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by pressing it in steel dies at approximately 200,000 Ib. 
per sq. in. Fig. 2 shows the effect of forming pressure 
upon permeability. 


PROPERTIES OF COMPRESSED, POWDERED PERMALLOY 


Specific Gravity. As noted, the relative proportion 
of powdered alloy and of insulating material is varied 
in the control of the volume permeability. Within 
the limits generally found necessary for this purpose, 
the specific gravity varies from 7.8 to 8.3. 

Tensile Strength. As is the case with powdered iron 
core rings, the compressed powdered permalloy rings 
are quite strong enough to satisfy all manufacturing 
process requirements relative to handling and to 
machine winding. Tests to rupture on individual 
rings give an average breaking point strength of 265 
lb. per sq. in. in tension. 


Resistivity. The resistivity as measured by d-c. 
methods directly on the rings may vary over a con- 
siderable range without having significant effect on the 
magnetic properties. "Typical values are from 1 to 20 
ohm-cent. It is found that when the resistivity falls 
below this range it is an indication of incomplete in- 
sulation of the particles, and of higher than normal 
eddy-current losses. 

Permeability. Fig. 3 shows a typical permeability- 
induction characteristic for both powdered permalloy 
and for Grade B powdered iron. The significant 
differences in favor of the new material are (1) its much 
larger initial value, being over twice the value for the 


SHACKLETON AND BARBER: COMPRESSED POWDERED PERMALLOY 


Journal A. I. E. E. 


powdered iron (2) the wider range of induction over 
which it is substantially constant, from 0 to 100 gausses 
as compared with 0 to 30 gausses, (3) the smaller per- 
centage change over a rather wide range of induction. 
For example, the maximum change from the initial 
value up to an induction of 4000 gausses is about 10 per 
cent as compared to 75 per cent for the powdered iron. 
The values exhibited by these curves are for typical 
samples. Differences of initial permeability between 
individual cores must be allowed for commercial manu- 
facture. For the compressed powdered permalloy, all 
cores have values between 69 to 81, allowing a maximum 
variation from the mean of about + 8 per cent. Con- 
sidering the varied nature of the processes through 
which the material for the cores and finally the cores 
themselves have to pass, in the course of which the 
permalloy is subjected to severe mechanical working 
and to large stresses, (and the well-known sensitivity 
of permalloy in these respects), this tolerance is seen to 
be extremely close. In comparison, it may be noted 
that in other magnetic materials as ordinarily manu- 
factured, variations of + 30 per cent in permeability 
are very common. Inthe manufacture of the coils their 
inductances are still further controlled by adjustment 
of the windings. 


Loading coils are designed so that over the normal 
range of telephone-current values the induction in the 
coil cores due to these currents does not exceed the 
initial nearly horizontal portion of the permeability- 
induction curve of Fig. 3. Currents of much larger 
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value may, however, result from induction or accidental 
connection to sources of d-c. or low-frequency power; 
and it is a requirement that these service hazards shall 
not seriously alter the coil inductance. In this respect 
the portion of the curve at inductions above 600 gausses 
is of interest. An effect of more importance, however, 
than that shown by this curve is indicated in Fig. 4, 
which shows typical changes in initial permeability 
due to the residual effect of previous large inductions, 
both positive and negative. It will be noted that the 
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change has a maximum value in the vicinity of an 
induction of 2500 gausses. The changes, however, are 
markedly small, the maximum departure from the 
initial point being less than 0.5 per cent. Having been 
once heavily magnetized, the material acquires a new 
mean permeability, about 0.2 per cent higher than it 
had initially; and departures from this value do not 
exceed 0.3 per cent normally. 


Core Losses. In the application of the material to 
specific designs it is necessary to know the relation 
between the core losses, frequency and value of the 
operating induction, or flux density. For the purpose 
of studying these relations the equation _ 

W =nvfBr+ yof B? (1) 
is a useful starting point. However, as the matter of 
final interest is the equivalent series resistance of the 
coil, it is convenient to reduce the above equation to 
the following form: 


Rt 

qp =8rnfuB+8ryu yf. (2)? 
The symbols in these equations have the following 

significance: 
W = power loss in ergs per sec. 

hysteresis coefficient. 

core volume in em.? 

frequency in cycles. 

maximum flux density. 

eddy-current coefficient. 

equivalent series resistance due to core loss. 

= Inductance of coil in henrys. 

= permeability. 

— hysteresis exponent. 


The first terms of the right-hand members of the two 
equations give, respectively, the hysteresis loss and the 
equivalent series resistance caused by it, and the second 
the eddy-current loss and its equivalent series resistance. 
Considering the latter it is evident that the effective 
resistance due to eddy-current losses is independent of 
the operating induction; that is, a coil of given in- 
ductance having a constant permeability core will have 
the same resistance due to eddy-current loss, regardless 
of whether it is made small or large. "This, expecially 
for the higher frequencies where the eddy-current losses 
may predominate, is. a serious limitation to the design 
of high-efficiency coils. The factor 8 T u y is a con- 
stant for the material that defines its quality from the 
eddy-current loss standpoint. To insure low eddy- 
current losses, it is necessary to make this factor 
relatively small. In the case of the powdered permallov, 
this is accomplished not only by reducing the eddy- 
current coefficient y by the use of insulated finely 
ground particles, but also by limiting the working 
permeability of the compressed core. ‘Table 1-A lists 
averages values of eddy-current coefficients and the 
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7. For the derivation of this equation reference is made to 
Speed- Elmen, Loc. cit. 
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product u y for the powdered permalloy and for 
grade B powdered iron. The coefficient for the per- 
malloy material is nearly 50 per cent less than that of 
the powdered iron, in consequence of which the product 


TABLE I 
MAGNETIC PROPERTIES OF COMPRESSED-POWDER CORES 
AT LOW INDUCTIONS 


A. Permeability and Eddy-Current Coefficient 
Permalloy Grade B iron 


Permeability—,4, (mean)....... 75 35 
Eddy-current coefficient— y.. ... 0.0021 X 10- -6 0.0035 x 10-8 
Product—poy... 0.22 cee ee eee s. 0.16 x 10-6 0.123 X 10-8 


B. Hysteresis Loss 
Loss, ergs per cm.* per cycle 


Induction (B,, ;) Permalloy Iron (see note) 
GAUSE oe adde x EF ex 0.017 X 10-4 0.064 x 10-4 
Be - Mo oou Saher aad acaba ad p wegen 0.08 0.33 
5 eee er ee aerei i dps 0.64 3.5 
0 MEC 3.7 23.8 

ad up PE 10.7 75.5 
20 US aAA Eee les Yea tuu PADS 23.5 172 
30 up c EE 72 


Note: Hysteresis loss values for the powdered iron are about 8 per cent 
lower than those given by Speed and Elmen; this reduction being due to a 
small improvement made in the Grade B material subsequent to the 
publication of the Speed-Elmen paper. 


u y is only 38 per cent larger—even though the per- 
meability is more than doubled. 

Table 1-B gives data showing the hysteresis loss 
in ergs per cu. cm., per cycle, for a typical range of 
flux densities. These data are plotted in Fig. 5. On 
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Fic. 4—Resipuau Errect or D-C. INDUCTION ON THE INITIAL 
PERMEABILITY OF COMPRESSED POWDERED PERMALLOY 


account of the large ratios represented, logarithmic 
scales are used so as to open up the plot at the lower 
values. The curves show a slight departure from 
linearity, indicating that the hysteresis exponent X 
is not a constant even for the small inductions repre- 
sented. The curves for the two materials, however, are 
nearly parallel showing them to have at each point 
about the same exponent. The outstanding difference 
is the large displacement between them. For a given 
hysteresis loss powdered permalloy is capable of opera- 
tion at much higher densities. 

The factor n B= of the hysteresis term of the loss 
equation evidently is the loss per cu. cm., per cycle. 
Hence, dividing the latter by B?, there is obtained 
the variable part of the corresponding term of the 
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equivalent resistance equation, that is n B*-?. Such 
values multiplied by the mean permeability are plotted 
in Fig. 6. The ordinates of these curves multiplied 
by the factor 8 m f give the hysteresis loss resis- 
tance in ohms per henry for the frequency and flux 
density desired. Here the outstanding superiority of 
the powdered permalloy is more clearly evident, the 
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ratio of resistances due to hysteresis losses mounting 
very rapidly with increasing density. 

These curves show at a glance the densities at which 
hysteresis loss resistances are equal. Of course, it is 
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often more important to have the total core loss resis- 
tances equal at a particular frequency. Since, as previ- 
ously mentioned, the eddy-current resistances are con- 
stant with respect to flux density, it follows that their 
difference is also constant. Hence, a curve drawn 
parallel to, and displaced from, the hysteresis loss curve 
along the loss axis to an amount proportional to this 
difference gives the densities at which total core-loss 
resistances are equal. Such a curve is included in 
Fig. 6 for a frequency of 3000 cycles, this being slightly 
above the maximum frequency which certain powdered- 
iron eore loading coils were designed to transmit 
efficiently. 


For the initial application of this material to com- 


Fic. 7—RiaHr—CoMPnREssED, POWDERED PERMALLOY AND 
COMPRESSED, PowDERED InoN Core LoapiNna CorLs or EQU AL 
EFFiciencies. Lerr—Cores USED IN THESE COILS 


mercial use, an intermediate course is being followed; 
that is, coils, both lower in cost and better in quality 
in all of these respects, have been developed. For 
the two main types of facility required, core volumes 
have been decreased by 70 per cent in one case and by 
85 per cent in the other. Fig. 7 illustrates the larger 
of these reductions in core and coil sizes. Combined 
with these reductions in size and consequent savings in 
cost, there are appreciable improvements in effective 
resistance and also, in flutter and modulation. 


20,000 MILES OF NEW HIGHWAYS 
PLANNED FOR 1926 


Road construction in 1928 will doubtless exceed 
previous building records, according to reports received 
and announcement by the Bureau of Public Roads in 
the Dept. of Agriculture. 


Improvement of the State and Federal-aid highway 
systems under the supervision of the highway depart- 
ments of the several states will go forward during the 
season now opening with the construction of more 
than 20,000 mi. of surfaced roads, and about 8000 mi. 
to be graded and drained. 
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Surge-Voltage Investigations on the 140-kv. 
System of the Consumers Power Company During 1927 


BY J. G. HEMSTREET* 


Associate, A. I. E. E. 


Synopsis.—During the past four years, the Consumers Power 
Company has been making studies of surge voltages on its 140-kv. 
system in Michigan. Previous Institute papers have summarized 


INTRODUCTION 
N an effort to learn more of the electrical behavior of 
transmission lines, particularly under transient 
conditions, the Consumers Power Company and 
the General Electric Company conducted a cooperative 
investigation on the Power Company's 140-kv. trans- 


Fic. 1—ConsuMERS PowER Co., 140-Kv. TRANSMISSION 
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Q Oil circuit breakers 
X Surge-voltage recorder stations 


mission lines during the summer of 1927. Surge 
voltage recorders were connected to the lines at various 
points in order to measure the magnitude and time of 


*Both of the Consumers Power Co., Jackson, Mich. 
Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25-29, 1928. Complete copies upon request. 
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the results of these investigations up to the end of 1926. This paper 
describes the system, outlines the studies made during the summer of 
1927, and presents the results obtained during that season. 


occurrence of transient voltages. Data obtained from 
these instruments were correlated with system operation 
and disturbances as recorded in the load despatchers 
log. 

DESCRIPTION OF SYSTEM 


The 140-kv. interconnected system of the Consumers 
Power Company is shown diagramatically on the map 
of the State of Michigan, Fig. 1. The system consists 
of three distinct parts interconnected through fre- 
quency changers and transformer banks, and is operated 
with isolated neutral throughout. Numerous spur lines 
of lower voltages feed from the various stations on the 
140-kv. system. 


TRANSMISSION LINES ON WHICH INSTRUMENTS WERE 
INSTALLED 


The surge-voltage investigation was conducted on 
the H-8 and K-11 lines between Saginaw River Steam 
Plant and Flint. Under normal conditions, these two 
lines operate in parallel, being tied together at the 
substation buses. At the beginning of the summer, 
neither line was equipped with a ground wire, but 
during the summer, a ground wire was strung in place 
over the K-11 line. As these two lines are relatively 
close together, they are subjected to about the same 
storm conditions. 


SURGE VOLTAGES DUE TO LIGHTNING 


Number and Magnitude. During the investigation, 
76 surge voltages which were attributed to lightning 
were recorded. The number of these surges, exceeding 
various times normal values, is shown by the curves of 
Fig. 8. It will be noted that only 20 per cent of the 
recorded voltages exceeded five times normal. (570 kv.) 

Polarity. Surges voltages attributed to lightning are 
classified as to polarity in Table III. 

These data indicate that all lightning surge voltages 
of appreciable magnitude on this particular system 
were oscillatory during the period of the tests. This 
statement cannot be made as a definite conclusion 
because of several factors among which are: 

1. The possibility of reflections with reversed po- 
larity of voltage. 

2. Possibility of secondary oscillatory surges re- 
sulting from circuit-breaker operation. 
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3. Because of limitations of the instrument, two 
unidirectional surges of opposite polarity, occurring 
with little intervening time interval, record as one 
oscillatory surge voltage. 

Nature. Lichtenberg figures of three different 
natures were recorded by lightning surge voltages: 


10 11 


TIMES NORMAL 


Fic. 8—NuMBER OF LIGHTNING SURGE VOLTAGES EXCEEDING 
Various TiMES-NORMAL VALUES 


Entire season 
H-& and K-11 lines 


highly damped (H.D.), medium damped (M. D.), 
and slightly damped (S.D.). The highly damped 
figures are interpreted as having been produced by 
surge voltages which were of extremely short duration, 


TABLE II 
CLASSIFICATION OF SURGE VOLTAGES 
Highest crest value 


Times normal Kv. 


Origin Number 

Lightning... . de at thee ates A 76 10.0 + 1140 
Switching... . 93 3.3 375 
Accidental short circuits. and 

grounds. . 55 mute: Me, tae Bs 1 3.6 410 
Unknown... . ... . ..... . 49 5.4 6410 

Total... m merui 219 
Note: Normal crest voltage to ground = 114 kv. 


lasting for only a few polarity reversals. The medium 
damped figures are produced by surge voltages which 
are less rapidly damped and may last for an appreciable 
length of time. Such surge-voltage registrations in 
almost every case correlated with arc-over from line 
conductor to ground and with automatic circuit 
breaker operation. These medium damped figures 
apparently are peculiar to the isolated neutral system, 
and are probably produced by line oscillations following 
flashover. The slightly damped figures are of un- 
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certain origin and seem to be dependent upon the type 
of potentiometer with which the surge recorder is 
connected to the line. In view of this uncertainty, 
conclusions drawn from slightly damped figures are 
open to question. Continued laboratory studies should 
lead to an accurate interpretation of the slightly 
damped figures. 

Surge voltages which were recorded by highly 


TABLE III 
POLARITY OF LIGHTNING SURGE VOLTAGES 


| Highest crest value 


Polarity Number | Time normal Kv. 
Unidirectional 
Positive.......002000.000... i 1.9 216 
Negative........ 05... ss 3 1.2 137 
Oscillatory 
Highest crest value 
Positive. TOPPED 28 8.4 960 
Negativo 20 7.5 855 
Positive and -negative crest 
values equal... .. |... 24 10.0 + 1140 + 


damped or slightly damped figures were very similar 
as regards magnitude and extent over the transmission 
system. In almost all cases, such disturbances were 


10 11 


TIMES NORMA 
e T e A] S ME AI E "X. "(: 
Fig. 9—NuMBER OF LIGHTNING SURGE VOLTAGES EXCEEDING 
Various TiMEs-NoRMAL VALUES 


Before ground wire was installed on K-11 line 


confined to less than 20 mi. of line. The magnitude 
of surge voltages recorded by medium damped figures 
was slightly less than the magnitude of those producing 
highly damped or slightly damped figures, but they 
were quite different in that they recorded with almost 
equal value at all instrument locations. 


Attenuation Along the Line. As pointed out above, 
surge voltages of medium damped characteristics are 
recorded with almost equal magnitudes at all recorder 
stations, and hence show practically no attenuation 
along the line. Surge voltages recorded by either 
slightly damped or highly damped figures showed con- 
siderable reduction in magnitude from one instrument 
station to the next. Surge voltages of the highly 
damped type in some cases reduced from 250 kv. to 0 kv. 
in 10 mi., or at the average rate of 25 kv. per mile. 
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Those recorded by slightly damped figures, in some 
cases reduced from 900 kv. to 300 kv. in 10 miles, or 
at an average rate of 60 kv. per mile. 

Comparison of insulator flashover to surge voltage 
recorder data showed that in some cases the voltage 
reduced from a value sufficient to cause insulator 
flashover (about 1000 kv.) to 500 kv. in distances of 4 
to 10 miles. This indicates average reductions in 
voltage between 50 and 125 kv. per mile. 

Protective Value of the Ground Wire. During the 
investigation, a ground wire was strung in place over 
the K-11 line, making possible a study of the operation 
of this line with and without a ground wire, and a 
comparison of its performance to that of the H-8 
line, which has no ground wire. Fig. 9 shows the 
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Fic. 10— NUMBER OF LIGHTNING SURGE VOLTAGES EXCEEDING 
Various TiMEs-NoRMAL VALUES 


Ground wire on K-11 line 


number and magnitude of surge voltages recorded on 
the H-8 and K-11 lines before the ground wire was 
completely installed on the K-11. These curves 
indieate that during that period, the voltages recorded 
were about equally severe on the two lines. The curves 
of Fig. 10 show the number and magnitude of the surge 
voltages recorded after the ground wire was installed. 
It will be noted that during this period the recorded 
surge voltages were considerably less severe on the 
K-11 than on the H-8. 

Relation of Conductor Height to Voltage Measured. 
The curves of Fig. 11 and 12 show the magnitude 
and number of surge voltages recorded on the top, 
middle, and low conductors of the H-8 and K-11 lines, 
respectively, using only the data obtained at those 
stations where instruments were installed on all three 
conductors. From these curves, it is seen that no 
definite relation exists between the magnitude of surge 
voltages measured and conductor height. It is thought 
that transpositions in the line, reflection of the transient 
waves, and other factors, so complicate this study that 
voltages measured at a few recorder stations do not 
give a true indication of the relative voltages induced 
at the origin of the lightning disturbances. 
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Surges Coincident with Switch Trip-Out. In every 
case of switch trip-out on the 140-kv. system, surge 
voltages were recorded at one or more of the surge 
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recorder stations. Trip-outs of the H-8 or K-11 lines 
between Saginaw River and Flint produced registra- 
tions on practically all instruments in operation. In 
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some instances, the recorded voltages were low (400 kv.) 
as compared with the generally accepted value of 
insulator flashover (approximately 1000 kv.). How- 
ever, it is reasonably certain that in such cases, the 
lightning discharge took place at a point on the line 
some distance from a recorder station, and the voltage 
wave attenuated considerably before reaching the 
first instrument. The transient recorded at the 
various instrument stations was probably the results 
of the arcing ground or of circuit breaker operation, 
rather than of the voltage disturbance set up by the 
lightning itself. The figures recorded at the time of 
switch trip-outs were predominately of the nature 
designated as medium damped, although also highly 
damped and slightly damped figures were frequently 
recorded. 

Surge voltages not coincident with switch trip-outs 
were for the most part very local in extent, of values 
from 1 to 10 times normal (114 to 1140 kv.) and of all 
three figures types with those of highly damped and 
slightly damped characteristics predominating. 

Surge Voltages on the Ground Wire. T&ble V shows 


TABLE V 
LIGHTNING SURGE VOLTAGES ON GROUND WIRE 


On ground wire On conductor 


e e ———— .———————————— ——— 


At mid-span 318-319 At tower 318 At tower 318 
Kv. Kv. Kv. 
+35 + +28 +206 
—160 
+24 [t] —456 
—160 +285 
— 6 0 —410 
+4 +285 
+5.5 E Record obscured 
-3.7 e —850 
+182 
+2.0 © +205 
—160 


the lightning surge voltages recorded on the ground wire 
at mid-span and at the tower, and the highest value 
recorded on either of the line conductors at the same 
tower. 

The data show that a much higher value of voltage 
may|appear on the ground wire at mid-span than at the 
tower, possibly due to the finite length of time required 
for the transient to travel along the wire to ground at 
the tower. 


SURGE VOLTAGES DUE TO SWITCHING OPERATIONS 


Surge voltages recorded coincident with routine 
switching operations were 92 in number, were of highly 
damped figure characteristies, and reached a maximum 
value of 3.6 times normal (410 kv.). Switching on the 
two lines between Saginaw River and Flint invariably 
produced disturbance which recorded on the instru- 
ments, but switching on other parts of the 140-kv. 
system sometimes failed to produce registrations. 
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Switching on equipment connected to the H-8 and K-11 
lines through transformers produced no record on the 
instruments. Deenergizing of either the H-8 and K-11 
lines resulted in voltage surges of higher magnitude 
than were produced by energizing the same line. 


SUMMARY OF RESULTS 


On the 140-kv. lines of the Consumers Power Com- 
pany between Saginaw River and Flint in 1927: 

1. Lightning produced voltage surges whose magni- 
tudes were as high as 1100 kv. 

2. During this particular investigation, all surge 
voltages of appreciable magnitude due to lightning 
recorded on the two-electrode instrument as oscillatory, 
with no preponderance of positive or negative polarity 
indicated. In a number of cases, the record of the 
surge from the lightning itself was undoubtedly con- 
siderably obscured by secondary oscillations from 
arcing grounds and circuit breaker operation. 

3. The surge voltages due to lightning were charac- 
terized by three different figure types; highly damped, 
medium damped, and slightly damped. 

4. Surge voltages characterized by medium damped 
figures showed very little change in value from station 
to station, and frequently correlated with arcing 
grounds and switch trip-outs. 

5. Comparison of simultaneous registrations of 
highly damped and slightly damped surge voltages 
showed the reduction in voltage from station to station 
to be of the order of 50-kv. per mi. From insulator 
flashover, the attenuation appeared to be in the order 
of 100 kv. per mile. 

6. The data indicated that the ground wire afforded 
some protection against lightning disturbances. 

7. No definite relation was shown between con- 
ductor height and voltage recorded. 

8. Surge voltages recorded coincident with switch 
trip-outs due to lightning frequently were of a magni- 
tude less than 400 kv. though higher voltages un- 
doubtedly existed on the line at points remote from 
recorder stations. 

9. Lightning surges which produced no switch trip- 
outs were, as a rule, very limited in their extent although 
they were frequently of a very high value. (800-1100 
kv.). 

10. Under lightning conditions, voltages in excess 
of 35 kv. were built up between ground wire and ground 
at mid-span, without excessively high voltage on the 
line conductors. The voltage from ground wire to 
ground was always considerably less at the tower than 
at mid-span. 

11. Normal switching operations produced surge 
voltages of low value which extended over considerable 
length of line. 

12. Numerous surge voltages were recorded which 
could not be correlated with lightning storms or system 
switching. The magnitudes of such disturbances 
were relatively low, reaching values no higher than 
5.7 times normal (650 kv.). 
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The Drive of Tandem Rolling Mills 


BY A. F. KENYON* 


Associate, A. I. E. E. 


Synopsis.—The paper briefly discusses the development of the 
tandem type of rolling mill, and the requirements of electrical drives 


HANGING conditions in the steel rolling mills of 
this country have caused the development and 
widespread application of what are quite com- 

monly termed “tandem” rolling mills. The tandem 
type of mill has the advantages of great flexibility, high 
tonnage output, low labor costs, compactness of layout, 
and uniform quality of product. This type has been 
applied successfully to the production of thin flat stock 
up to 50 in. wide, rod, bar, merchant and structural 
shapes. In this type of mill, the several finishing 
stands are closely spaced in a continuous line and 
are individually driven by separate motors. The 
length of the billets and the spacing between stands 
are such that a single piece of steel may be in several 
stands at one time, and for periods of several seconds. 
It is therefore essential to the successful operation of 
such a tandem mill that the speeds of the several 
driving motors be susceptible of easy and accurate 
adjustment, in order that the stretching, or looping, of 
the steel between stands may be kept within limits. 


Fic. 1—14-In. STRIP MILL AT CvuyaHoca WORKS OF AMERICAN 


STEEL AND WIRE COMPANY 


Illustrating first application of d-c. adjustable-speed motors to tan- 
dem finishing stands Installed 1908-9 


DEVELOPMENT OF TANDEM OPERATION 


During 1908— 1909 the American Steel and Wire 
Company installed a 14-in. mill which is of considerable 
interest, in that it was the first application of separate 
d-c., adjustable-speed motors for the individual drive of 
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for such mills; and presents methods of calculation of power 
requirements. 


the three tandem finishing stands. The arrangement 
of the stands is shown by Fig. 1. At the top speed of 
390 rev. per min. on stand 16 motor, the delivery speed 
is approximately 1325 ft. per min. The mill has a 
range of capacity from 18-gage strip up to about 4 in. 
wide to 14 gage material up to about 10 in. wide. In 
its arrangement of the finishing stands, the mill varies 
but little from more recent designs. 

With the more recent installations, the trend has 
been toward the elimination of stands in train, with 
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The four finishing stands are individually driven by two 1500-hp. and 
two 1800-hp. d-c. motors 


final development of the present mills in which the 
stands are arranged in one continuous line. As an 
intermediate step in the development, Fig. 2 is included 
to show the layout of the semi-continuous mill of the 
West Leechburg Steel Company. The equipment and 
operation of this mill were described in a paper 
by Jones and Wilson before the April 1924 A. I. E. E. 
Spring Convention at Birmingham. 

The Acme Steel Company has a mill in which 
the stands are arranged in a single line, eliminating the 
broadside transfer. The two intermediate stands 
are close together and are driven by adjustable-speed 
d-c. motors. This arrangement permits of additional 
flexibility and permits the rolling of finished strips up 
to 600 ft. or longer. 

Latest designs show a tendency to apply individual 
motor drives to the roughing as well as the intermediate 
and finishing stands. A mill for the production of 
strip up. to 50 in. wide, construction of which will soon 
be completed, consists of 11 roll stands, the first four 
driven by wound-rotor induction motors, and the last 
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seven driven by d-c. motors. The total capacity of the 
11 motors is 21,800 hp. 

On the tandem stands of the mills so far discussed, 
d-c. adjustable-speed motors have been applied. The 
question may logically be asked: Why not use some type 
of a-c. adjustable-speed drive? To answer this ques- 
tion we should consider first the suitability of such 
machines for tandem mill operation, and second, the 
relative cost as compared with other drives. 

It is a requirement of any continuous mill in which 
steel is in two or more stands simultaneously, that the 
product of delivery speed and cross-sectional area of 
steel after the pass must be the same for each pass; 
otherwise the steel will be stretched, or a loop formed 
between stands. Speed adjustments must therefore 
accompany any changes in the drafts made in the vari- 
ous passes. Mill operators, in purchasing tandem mill 
drive equipment, have commonly specified that the 
motors should have a speed regulation of not more 
than 2 per cent. Analysis shows, however, that the 
actual speeds while steel is in the mill, rather than the 
difference between the friction and rolling load speeds, 
determine the amount of looping or stretching which 
will take place. Regardless of the friction-load speeds, 
each motor will quickly assume its loaded speed as soon 
as the steel enters the rolls; and if the loaded speeds of 
each of the several stands are in the correct relation 
for the reductions being made, there will be no stretch- 
ing or looping. From this standpoint successful 
operation can, and is, being obtained with motors 
having as much as from 8 to 10 per cent of speed regul- 
tion on the finishing stands. However, with motors of 
flatter speed characteristics, speed changes, due to load 
variations caused by changes in draft, temperature of 
steel, etc., are kept at a minimum. This makes a 
comparatively flat speed characteristic in the motors 
very desirable. Most operators therefore insist on 
motors of flat speed characteristics. 

There is a type of mill, such as the 10-in. strip mill of 
the Laclede Steel Company, Alton, Illinois, (Fig. 4) 
where motors of good speed regulation are quite neces- 
sary. In this mill, the six roughing stands are driven 
by a 1500-hp. motor, and the four finishing stands, by 
individual motors of 600-hp. and 720-hp. capacity. 
The billets are of such length that one piece may be in 
all stands of the mill simultaneously. 

For illustration, assume that the speed regulation of 
the 1500-hp. motor is 5 per cent and that the speed- 
load curve is a straight line. Further assume that the 
friction load is 100-hp. and that the rolling load of each 
stand is 300-hp. making a total load of 1900 hp. when 
metal is in all stands. In order to avoid stretching of 
the steel between stands 6 and 7, it is necessary to have 
the delivery speed of stand 6 equal to, or greater than 
the take-up speed of stand 7. "That is, the speed of the 
1500-hp. motor when carrying a 1900-hp. load must 
give a delivery speed to stand 6 at least equal to 
the take-up speed of stand 7. But as the end of the 


KENYON: THE DRIVE OF TANDEM ROLLING MILLS 


Journal A. I. E. E. 


strip leaves stands 1, 2, 3, 4, and 5 in succession, the load 
on the 1500-hp. motor is reduced, the speed increases, 
and a loop is formed. Table I shows the data for a 
partieular rolling schedule, and indicates that nearly 
5 ft. more material will be delivered from stand 6 than 
is taken up by stand 7, during the interval between 
the time when the tail end of a piece leaves stand 1 


Fic. 4—10-In. Strip MILL or LACLEDE STEEL COMPANY 
ILLUSTRATING THE USE or A MULTI-STAND RovuGHING MILL IN 
TANDEM WITH INDIVIDUAL Motor DRIVEN FINISHING STANDS 


Pass Diam. Rev. per min.| Motor h.p. 
Edger " 275/825 100 
1 12 31/63 n 
2 12 45/90 
3 12 61/122 
4 12 90/181 
5 11 123 -249 "T 
Edger T 400/1600 35 
6 10 198 400 1500 
7 10 185 /470 600 
Edger - 400/1600 35 
8 10 270/635 600 
9 10 395/825 720 
10 10 480 “1000 720 


and the time it leaves stand 6. Remember, too, that 
this is on the basis that the delivery speed of stand 6, 
when steel is in all the roughing stands, is exactly equal 
to the take-up speed of stand 7, and that there is no 
loop formed until the tail end of the piece leaves stand 1. 
If, the normal delivery speed of stand 6 with the 
roughing mill full is slightly in excess of the take-up 
speed of stand 7, there will be an initial loop between 
stands 6 and 7 before the steel leaves stand 1. Then 
by the time the steel leaves stand 6, the loop may 
have become so large as to be unmanageable. When 
this motor was first installed, the speed regulation was 
of the order of 7-8 per cent, due to a misadjustment. 
Considerable trouble was experienced due to the exces- 
sive looping of steel, until adjustments were made to 
reduce the speed regulation to below 2 per cent. 

If we analyze the case of a mill consisting of two or 
more multi-stand sections, each driven by a motor of 
poor speed regulation, the loop formed between sections 
may be much longer than in the case just considered. 
Referring to Fig. 6, stands 1, 2, 3, and 4 are driven by 
one motor, while stands 5, 6, 7, and 8 are driven by a 
second motor. Assume, again, that billets are of such 
length that one piece may be in all stands simultane- 
ously. Now in order to avoid stretching of the steel, it 
is necessary that the delivery speed of stand 4, with 
steel in stands 1, 2, 3, and 4, be equal to, or greater than, 
the take-up speed of stand 5, when steel is in only 
stand 5 of the second section. But, as the steel enters 
stands 6, 7, and 8, the speed of the second motor is 
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TABLE I 
SHOWING LOOP FORMED BETWEEN STANDS 6 AND 7 OF MILL SHOWN IN FIGURE 4, WHEN 1500-HP. ROUGHING MILL MOTOR 
HAS SPEED REGULATION OF 5 PER CENT. CALCULATION BASED ON ASSUMPTION THAT DELIVERY SPEED OF STAND 
6 WITH STEEL IN ALL ROUGHING STANDS IS EQUAL TO TAKE-UP SPEED OF STAND 7 


l. Pas number o eoa hs WEE. Hoe eRe wos 1 2 
2. BON CIADADE, Im. Luo ome erro aenn Aa 12 12 
3. Roll rev. per min. at friction load........... 42 60 
4. Cross section of steel after pass, sq. in. 7.50. 4.45 8.13 
5. Distance to next stand, in.................. 40.25 44.50 
6. Volume of steel to next stand, cu. in......... 179 139 
7. Motor load with preceding stands empty, hp... 1900 1600 
8. Delivery speed of stand 6 with preceding 
stands empty, in. per sec................ 130.2 131.6 
9. Volume delivered from stand 6 with preceding 
stands empty, cu. in. per sec............ | 110.7 111.9 
10. Interval from time piece leaves preceding | 
stand until it leaves this strand, sec...... 1.60 
11. Rate of overfeed from stand 6 during interval 
C10) Bi; DOE BOO i525 2G aan ida eua T asia 1.4 
12. Amount of overbbed, 1... soda Aor xr Y 2.24 
13. Total accumulated excess strip between stands 
6,650 7, 1H... oa era cradle d FARO 2.21 
. Take-up speed of stand 7, in. per sec....... 110.7 110.7 


reduced, and the take-up speed of stand 5 is lower than 
the delivery speed of the preceding stand. A loop is 
thus formed. Also as the tail end of the piece leaves 
stands 1, 2, and 3, the speed of the first motor increases, 
and the delivery speed of stand 4 exceeds the take-up 
speed of stand 5 by a still greater amount, so that the 
rate of loop growth is accelerated. 

It is to be noted that in the case of the mill shown in 


1 2 3 4 5 6 7 8 


Fic. 6—ExaMPLE or Mir, Consistina or Two MvrrI- 
STAND SECTIONS IN TANDEM, TO ILLUSTRATE LOOPING OF STEEL 
BETWEEN SEcTIONS CAUSED BY SPEED REGULATION OF DRIVING 
Motors 


Fig. 4, the total length of excess material is independent 
of the length of billets being rolled, and depends only 
on the speed regulation of the motor and on the layout 
of the mill. However, in the case of the mill shown in 
Fig. 6, there is a continuous overfeed as soon as the steel 
enters the second section of the mill. The loop steadily 
increases and the total length of excess material is 
proportional to the length of billets being rolled. 

From the foregoing, it is seen that the speed regula- 
tion of motors on individual stands need not be exces- 
sively close. On motors driving several stands, good 
speed regulation is of relatively more importance. 
However, such drives are usually applied on the rough- 
ing stands where the length of piece is comparatively 
short and rolling speeds low so that loops are more easily 
taken care of. On most mills, the authors believes that 
motors with as much as 4 or 5 per cent speed regula- 
tion will operate successfully, although certain types 
of mills may require motors of 2 per cent or less 
regulation. 

D-c. motors are ideally suited to the drive of such 
tandem mills. Speed ranges of 2:1 or greater can be 
secured by shunt field adjustment. The number of 
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speed points is limited only by the design of the field 
rheostats, and by the use of coarse and fine adjustment 
rheostats, each having 100 or 120 points, the total 
number of settings may be 1000 or more. The inherent 
speed regulation of shunt or lightly compounded motors 
can usually be kept within 3 or 4 per cent, over a speed 
range of 2:1, and by the addition of simple auxiliary 
equipment the regulation can be maintained as low as 
] per cent. 


The speed curve of a shunt wound machine is usually 
slightly rising with load, so that a light series field is 
necessary to produce a flat or slightly drooping char- 
acteristic. The amount of series excitation required 
at full field speed with maximum shunt field excitation 
Is different from that required with weakened shunt 
field. Therefore, to maintain good speed regulation 
over the entire speed range, it is necessary to vary 
the series excitation. On some machines this was 
accomplished by means of series field shunts and one or 
more switches to cut the shunts in or out of circuit. 


More recently, the series excitation is furnished 
by a "series exciter," which is excited by the motor 
armature current, thus giving the same effect as a series 
winding on the motor itself. A rheostat in this excita- 
tion circuit is mechanically coupled to the main shunt 
field rheostat. Both rheostats are thus operated to- 
gether and resistance values are so proportioned that 
the proper compounding is secured for each speed 
setting. Table II shows the almost negligible speed 
changes from no-load to double load of a 2500-hp. 
160/320-rev. per min., 600-volt motor. "The first such 
indirectly compounded equipment was placed in service 
in November 1926, and there are now installed or build- 
ing 46 motors totaling over 60,000 hp., to be used on 
eleven different mills. 

A-c. adjustable speed motors may be made 
to have a speed regulation sufficiently low for the 
successful operation of some tandem mills, and there are 
a number of mills so driven. However, most tandem 
mills require several drives, and if d-c. motors are used, 
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power can be supplied from a few large motor generator 
sets or rotary converters, while with a-c. drives, a 
separate regulating machine is required for each motor. 


TABLE II 


SPEED REGULATION OF 2500 HP., 160/320 REV. PER. MIN., 
600-VOLT, 3360-AMPERE, INDIRECTLY COMPOUNDED, D-C. 


MOTOR 

1 2 3 4 

Shunt 

Armature Bus field 

amperes volts amperes R. P.M 

100 600 35.8 160 
3360 600 35.8 160 
6720 600 35.8 159 
120 600 19.2 210 
3360 600 19.2 210 
6720 600 19.2 210 
140 600 14.0 265 
3360 600 14.0 265 
6720 600 14.0 264 
180 600 10.8 320 
3360 600 10.8 320 
6720 600 10.8 319 


Under such conditions, the total cost of a d-c. installa- 
tion may be as low as that with a-c. drives. This, with 
the undisputed advantages of simplicity, flexibility, 
and easy operation, has been responsible for the large 
proportion of tandem mills driven by d-c. motors. 


POWER REQUIREMENTS 


Tests have been made on many of the mills now in 
operation, so that the energy consumption and capacity 
of driving motors for any proposed new mill may be 
estimated with considerable accuracy. 

There are two general methods of calculation. One, 
known as the displacement method has been described 
in detail in a paper before the Institute by Mr. Wilfred 
Sykes in 1912. By this method it is assumed that 
during a pass there is ‘‘displaced’”’ a volume of metal 
equal to the product of the length before the pass and 
the difference in area before and after the pass, and that 
the energy used is proportional to this displaced 
volume. The unit energy consumption is determined 
by test, and increases as the temperature falls and steel 
becomes more dense during rolling, so that curves are 
plotted using the percentage of the original cross 
section area of the billet as the other coordinate. The 
curves shown on Fig. 8 are plotted from the average of 
data from a large number of tests on a 20-16 in. strip 
mill, rolling 3 in. thick billets to strip varying from 
0.049 in. to 0.240 in. thick. 

The other method of calculation is based on the 
energy required to elongate a unit volume or weight of 
steel, assuming the initial elongation before starting to 
roll as one. The curves shown in Fig. 9 are plotted 
from the same test data as Fig. 8. 

The results by the two methods of calculation check 
quite closely, and such calculations enable the designer 
to quite accurately select motor drives for a similar 


proposed mill, although the data must be used with 
care, and due regard given to the effect of variable 
conditions, such as mill layout, rolling speed, tempera- 
ture and analysis of steel to be rolled, percentage 
reduction per pass, etc., any or all of which may 
materially influence the power requirements. For 
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instance, the effect of the carbon content of the steel 
is shown by the curves, the lower curve on each of the 
figures showing energy consumption for ''soft open 
hearth" steel, with carbon up to about 0.15 per cent and 
the upper curve showing energy consumption for rolling 
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steel with about 0.60-75 per cent carbon, and 0.50-70 per 
cent manganese. The high carbon and manganese 
steel requires over 30 per cent more total energy to 
reduce to 16 gage strip than does the soft steel. 


CONCLUSIONS 


The paper indicates that the tandem type of mill with 
individual stands separately driven by adjustable speed 
motors has great flexibility and is capable of rolling 
large tonnages, with very low labor operating costs. 
A-c. equipment may be used for drives, but d-c. motors 
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are in general more simple and have better characteris- 
tics, and where several drives are installed the cost may 
be as low or lower than for the a-c. drives. Test data 
from existing mills are available, and power require- 
ments of any proposed mill may be quite accurately 
estimated and correct applications of driving equip- 
ment made. 
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Mathematical Solution of an Unbalanced 


Three-Phase Voltage System 
BY HORACE M. NORMAN 


Member, A. I. E. E. 


N the March, 1927 issue of the A. I. E. E. JOURNAL 
there appeared a very interesting article on this 
subject by Dr. À. E. Kennelly. 

Starting from an original geometrical construction, 
whereby the unbalanced system is resolved into its 
two balanced components of positive and negative 
sequence, the writer evolved the solution following: 

Up to a certain point, this solution gives the equiva- 
lent of that shown in Dr. Kennelly's work, but for 
ordinary use, it is shown to have insufficient accuracy. 
Proceeding further, a formula is evolved which gives the 
value of the balanced negative sequence component of 
the unbalanced system without requiring any more 
accurate means of evaluating than the ordinary slide 
rule. 

It is the value of this negative component which 


as a rule, is of more interest than the positive | 


component. 
PART I 
In order to simplify the evolving of the mathematical 
formulas used for finding the positive and negative 


sequence balanced voltage systems which are the . 


equivalent of some unbalanced system, the geometrical 
construction shown in Fig. 1 was utilized. 

This shows an unbalanced voltage triangle A, B, Ci. 
Two medians C, Q and A, P are drawn and intersect 
at O, the center of the triangle A; B, C,. A circle 
A; C; R B; is constructed with O as center and OA, 
as radius. The median A, P is produced to cut this 
circle at R. Then with R as center and the same radius 
O Aj, a circle is drawn, which intersects the first circle 
at B; and Ca. 

The length B; C, or B, C; gives the positive balanced 
component of voltage and the length B; B, or C: C, 
gives the negative component. 

The reason for this is made clear by referring to 
Fig. 2. 
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Let O be the neutral of the system and O A, OB, 
O C be the line to neutral vectors of the positive se- 
quence balanced components; these are out of phase 
120 deg. with each other. Then let AA, BB, CC; 
be the line to neutral vectors of the negative sequence 
system; these are also 120 deg. out of phase. The 
resultant unbalanced system is A, B; C.. 

If both these systems were of positive sequence, then 
the resultant should naturally be balanced. This is 
shown on the diagram by interchanging the vectors 
C C, and B B, and calling them B B; and C C, The 


Fic. 2 


Fie. 1 


resultant triangle A, B; C; is obviously balanced and 
must, therefore, be equilateral with O as its center. 

The center of the triangle A, B; C; can also be shown 
to be at O. 

Now, since B B, is equal and parallel to C C;, and 
B B, equal and parallel to C C;, then B; B, must be 
equal and parallel to C, C; and as a result of this, the 
two triangles B, B, P and C, C; P must be equal and, 
therefore, the point P must bisect both B,C, and 
B; Ca: 

From this, it can be seen that if B,'C, is bisected at 
P and an equilateral triangle A, B; C: constructed with 
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its center at O and its apex at A, then the points B, 
and C, are found and the length B; C; or B, C; which 
are each equal to B C give the positive balanced voltage 
and the length B; B, or C, C; give the balanced negative 
voltage, all being line to line values. This is exactly 
what is done in Fig. 1. 

PART II 


Due to lack of space, the derivation of the following 
formulas, (1), (2), (3), and (4), is not given here, but 
they can easily be deduced from the foregoing geo- 
metrical construction. 

Let e; be the line-to-line value of the positive sequence 
component. 

Let e; be the line-to-line value of the negative 
sequence component. 


1 
ei? d e) - —— (Eg + bE’ + Es) = Y 


; (1) 


| 1 
et ef =) — (E: + Er + BD (E, + E, — E;) 


(E; — E; + Es) (— E, --E;-LE2-2-Z2 (2) 


1 
"e 7.7 (Y + 2) (3) 


(4) 


Upon inspecting equations (3) and (4), it is obvious 
that the value of e; can be found very accurately with- 
out undue care being taken to evaluate Y and Z. 
However, this is not so of e}. Here half the difference 
of Y and Z gives the value of e, and unless Y and Z 
are found with great precision then little reliance can 
be placed on the value of e; so obtained. 

It will be shown later that for values of E, E. E; of 
400, 420, 440 volts if the constants Y and Z are found 
with an error of only 1/10th of 1 per cent, then a possi- 
ble error of 33 per cent can be made in finding e: by 
equation (4). 

From previous equations, 
ei! + 2e e? + ey = (ei? + e2)? 


1 
and e; = "o (Y — Z) 


1 2 
E 9 (E; T E? T E?) 
ei — 2 €, es + e, = (ej? = e; 
1 
= z (E, + E, + E: (E, + E: — E3) (E, — E; + ES) 


(— E; + E. + E) 
subtracting these two equations gives 


4 
4e? el = 9 (E + Es + E) 


4 : 
T9 (E? E? + BY E} + Eg E?) 


18 e? Co? = (E, — 2 Ey, E + E$) 
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+ (E4 — 2E? E} + E+) + (E 2E} E? +E’) 
= (E? = Er)? + (E = E2)y + (Ej = Ey 

18 e,2e.2 = ( (E, + E) (E, — E) }? 
+ {(E, + E (Es — E)? + {(E3 + ED (E; — EQ! (5) 

The foregoing equation has three terms on the right 
hand side which must be positive even though the 
quantity inside the bracket may be negative, as they 
are all to the second power. Therefore, if through using 
the slide rule an error of 1/10th of 1 per cent were made 
in finding each term, the greatest error would still be 
1/10th of 1 per cent. 

The right hand side of the equation has to be 
divided by 18 e,?, which again introduces an additional 
error; but the total error would not exceed 3/10th of 
1 per cent and this is more than sufficiently accurate 
for all general purposes. 


PART III 


To illustrate the comparative accuracies of equations 
(4) and (5) assume the following values of voltage: 


E, = 400 
E. == 420 
E, = 440 


Hents 3 (400? + 490: + 4402) = 176666.7 


1 
Z= " 3X 1260 x 380 x 420 x 460 = 175598.2 


1 
From (3) e? = 3 (176666. + 175598.2) = 176132 
€1 = 419.6 (6) 
1 
From (4) e? = p (176666.7 — 175598.2) = 534.2 
ae = 23.1 (7) 
From (5) e; = 18 x 116132 ((820)* (— 20)? 
+ (860)? (— 20)? + (840)? (40)? | 
1 
= 18 x 176132 (1995760000) 
— 534.2 
€ = 23.1 (8) 


Assuming accuracy of 1/10th of 1 per cent for the 
finding of Y and Z then equation (4) might have been: 


1 
e: = 23 (176843.3 — 175422.6) = 710.3 
instead of 534.2 or 33 per cent high. 


Assuming accuracy of 1/10th of 1 per cent for finding 
values for equation (5) then equation (5) might have been: 


1 | 
e: = 18 x 176308.1 (1692066240) = 532.5 


instead of 534.2. Error negligible. 
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Of course, when the slide rule is used, the first four 
are the only significant figures and the equation would 
be written: 


= 18 x 176300 (1095 x 


— 032.5 


The reason that the value of e.” is taken as the basis 
for argument instead of e; is because the extra losses 
due to the presence of e; in the circuit are proportional 
to e°. 

The error in finding e; by equation (4) is less than 
33 per cent, actually 15 per cent. 

These formulas apply equally well to current systems. 
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Discussion 


By Dr. A. E. KENNELLY 
(Communicated) 


Mr. Norman’s article is an interesting contribution to the 
discussion of the present writer’s article Computation of the 
Unbalance Factor of a Three-Phase Triangle when Lengths of 
Three Sides are Given, appearing in the A. I. E. E. JOURNAL of 
March, 1927, in which it was shown that d?, the square of the 
forward equivalent balaneed component is the half sum 


Am? + A, 
2 , 
and e? the square of the backward equivalent component is the 
half difference 
An? — A? 
2 , 
where A,,? is the mean of the squares of the three unbalanced 
sides and A,? is the square of the equilateral side of a balanced 
svstem having the same area as the unbalanced triangle. 

Mr. Norman points out that when the system is not badly 
unbalanced, Am? and A,? may be large numbers, not far apart; 
so that small percentage errors in their computed values may 
lead to a relatively large error in e?. For the case, he analyzes of 
400, 420 and 440 volts, where the average of the divergences 
(20, O and 20) is 13.3 volts or 3.2 per cent, the strictly computed 
value of the backward balanced component is e = 23.1 volts and 
€& = 534.2; whereas opposite errors of only 1 per mil in the two 
quantities Am? and A,? change the result to e = 26.7 volts and 
ei to 710.3, errors of 15.6 and 33 per cent respectively. He 
shows that for technical reasons, e? is more important to ascer- 
tain than e simply; so that divergences of 1 per mil in arriving at 
Am? and A,?, may produce 33 per cent error in estimating e. 
This indicates that the computation is not well adapted to slide- 
rule operation and that, in order to obtain correct numerical 
results, either a calculating machine, or logarithms, should be 
used. If. however, a slide rule is to be employed, the somewhat 
longer formula he suggests is distinctly to be preferred. 

But there is another and independent consideration. If the 
three-phase system is not seriously unbalanced and the three 
side values are not very accurately measured, the observational 
defects may involve considerable error in the values of e and e?; 
even if the computations are very precise. Thus, if one of the 
voltages in Mr. Martin’s set should be taken 1 per cent low, and 
another 1 per cent high, (396, 420, and 444.4) the resulting back- 
ward component would come out e = 27.99 and e? = 783, instead 
of 23.1 and 534.2, respectively, excesses of 21 per cent and 46.6 per 
cent. These errors would appear with either tvpe of formula 
accurately applied. 

We may conclude, therefore, that when a three-phase system 
iz only slightly out of balance, great care must be taken in mea- 
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suring the three sides of the voltage triangle and in computing 
the results if we are to secure a precise value for the backward 
balanced component e, and still more so for e?. The same 
conditions apply also to graphical methods. 
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By Committee on Production and Application of Light 
HOW WE READ 

Reading seems to be a simple process, but actually it 
is extremely complex. Even if all the psychological 
aspects involved are dismissed and the process is 
studied from the vision point of view only, the problem 
is still found to be difficult. However, enough re- 
search has been done so that the movements of the 
eyes in reading are fairly well known. 

The eyes do not move at a uniform speed across the 
page. They jump from point to point, pausing in 
steady fixation several times across the ordinary five- 
inch line of print. For example, one reader made an 
average of 10 pauses per line, the duration of pause 
being 0.3 second; and during the pause, he read about 
1.4 words. Usually, the number of pauses varies from 
2 to 7. During the jumps, the eyes cannot possibly 
see any more clearly than stationary eyes can see 
rapidly moving print. Furthermore, during the move- 
ment, the connection between the eye and brain is 
apparently broken. This actually prevents seeing the 
objects, even blurred, as the eyes make their rapid 
sweep. 

Fully 2000 measurements have been made upon a 
number of subjects and it has been found that the time 
the eye pauses in ordinary work is seldom greater than 
0.3 second, or less than 0.075 second, and that the 
average duration of pause is 0.150 second. 

In connection with these data on the details of seeing, 
it is interesting tonote the effect of intensity of illumina- 
tion upon the speed of the complete operation of read- 
ing. Ithas been found that— 

(a) When the intensity of illumination wasincreased 
from 0.4 foot-candle to 4 foot-candles, the speed of 
reading increased 54 per cent. 

(b When the intensity of illumination was increased 
from 4 foot-candles to 16 foot-candles the speed of 
reading increased 15 per cent. 

(c) When the intensities of illumination were in- 
creased up to 30 foot-candles, a still further improvement 
was shown, which indicated that the advantages of in- 
creased illumination extend even further. 


Electrification of factories is proceeding at a rapid 
pace in the United States. Since 1919, the total 
Increase of six and one-half million horse power in 
factories has been in electrical motors purchasing 
power from interconnected systems. Over 70 per cent 
of the total of 41,000,000-horse power prime movers in 
factories is now electrical. On the average, each 
factory wage earner is aided today by 4.3 horse power. 
This amount is twice as great as in 1910. 


The Summer Convention at Denver, June 25-29 


Details of Technical Sessions and Special Entertainment Features 


A program of excellent technical papers and most enjoyable 
recreational features has been scheduled for the 1928 Summer 
Convention which will be held in Denver, June 25-29, with head- 
quarters at the Cosmopolitan Hotel. 


Technical Session 


Subjects alive in the minds of engineers will be treated in the 
technical papers. They will include such topics as surge-voltage 
investigations on transmission lines, control and protection of 
feeders for electrified railways, a-c. elevator motors, electric 
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welding of pipe lines, telephony, transmission experiences, 
extinction of a-c. arcs, high-frequency supervisory control and 
geophysical prospecting. 

The year's advances in all lines of electrical engineering will 
be described in the annual reports of the Institute's Technical 
Committees. 

Section and Branch Conferences 


The annual conference of officers and delegates from Sections 
will be held on the first day of the meeting, and also there will bea 
conference of officers, Branch Counselors and delegates. 


Annual Business Meeting of the Institute 


The Annual Business Meeting of the Institute will be held at 

9:30 a. m. Tuesday, June 26th, at the Cosmopolitan Hotel. 
Trips 

Chief among the entertainment features will be an all-day 
trip through Denver’s mountain parks, on Thursday, June 28. 
Private cars will take members through the pioneer town of 
Golden at the foot of Lookout Mountain. The climb up the 
mountain will be over the famous ''Engineers Lariat Trail,” 
to an elevation of 7600 ft. At the top a stop will be made to 
visit the grave of Buffalo Bill and Pahaska Tepee, and to view the 
broad panorama of mountains and plains. The route will then 
lead over Genessee Mountain to Bergen Park and down the 
beautiful Bear Creek eanyon on the return to Denver. 

Trips may be made to the Valmont Steam Plant of the Colo- 
rado Public Service Company, broadcasting station KOA, 
stockyards and packing plants, and other interesting points. 

In connection with the convention, a most attractive tour of 
Yellowstone Park and other places has been arranged to start 
immediately after the convention closes, June 29. Details of 
this trip follow the Tentative Program. Members may join 
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this tour &t any point along the route and also after reaching 
Information on these and other points in connection 
with the tour may be obtained from the Henry Tours, Inc., 
565 Fifth Avenue, NewYork, N. Y., the agency handling the 
official tour. 

Other enjoyable scenic trips may be taken out of Denver. 
Probably some who will not take the Yellowstone tour will 
take some of the other trips after the convention closes. The 
regular summer excursion rates from points east of the Missouri 
River includes a free side trip to Colorado Springs, the center of 
the Pike’s Peak region, or to Boulder, the gateway to the Glacier 
district. 

Popular Colorado side trips may be made as follows: 

One-day trips through Boulder and the glacier region for 
$6.80 and $9.50. 

One-day trip through the Moffat Tunnel, $6.50. 

Two-day all-expense auto tour through Rocky Mountain 
National Park, Big Thompson Canyon and Lookout Mountain 
$33.00. 

Three-day all-expense auto tour as above, except an extra 
night spent at Grand Lake, $39.00. 

Attendants will be present at the Cosmopolitan Hotel head- 
quarters so that reservations and travel information may be 
available. 

Entertainment 

Golf and tennis tournaments will be played at the leading 
country clubs of Denver. 

There will also be a reception and a dinner, both of which will 
be followed by dancing. 

Ladies’ Entertainment 


The ladies attending will, of course, enjoy the events already 
mentioned, and in addition, special plans have been laid for their 
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entertainment, including teas, card parties, sightseeing and 
shopping tours, golf, tennis, and swimming. The accompany- 
ing Ladies’ Program gives a schedule of the events. 
Railroad Rates 
Regular summer excursion rates will be available for members 
who take the trip to Denver but do not participate in the 
Yellowstone tour. 
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Hotel Reservations 
The new Cosmopolitan Hotel, with 460 rooms, has been 
designated Convention Headquarters. The following room 
rates have been established: 


All rooms with bath. Most double rooms with twin beds. 
Court rooms single $4.00 double $6.00 
Outside rooms single as double Hee 

$5.00 $8.00 


Corner rooms double, $10.00 and $12.00 
Three-room suites for three to six persons, $25.00 to $30.00 


Additional rooms have been arranged for at the Brown Palace 
Hotel, the Shirley-Savoy, and other hotels having comparable 
accommodations and rates. A limited number of single rooms 
with bath at $3.00 will be available within a few blocks of the 
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Cosmopolitan, but it is expected that, as usual, the demand for 
single rooms will exceed the supply, and visitors are urged to 
arrange for sharing double rooms. Preferences for rooms outside 
the Cosmopolitan Hotel will be arranged for so far as possible, 
but, owing to other conventions in the city, they cannot be 
guaranteed in advance. 


Reservations should be addressed to the A. I. E. E. Hotel 
Committee, Cosmopolitan Hotel, Denver, Colorado, and ean be 
made with the Committee's assurance that comfortable quarters 
will be provided in or near the Convention Headquarters hotel. 


Those who take the Yellowstone Tour will have reservations 
made for them by the bureau which is handling the tour. 


Committees 


The General Convention Committee for the meeting is being 
directed by H. S. Sands, chairman; W. H. Edmunds, vice-chair- 
man, and R. B. Bonney, secretary. The officers of the various 
sub-committees are as follows: Entertainment—B. Shubart, 
chairman; H. B. Dwight, vice-chairman; Finance—W. C. Sterne, 
chairman; G. E. McCarn, vice-chairman; Meetings and Papers— 
H. P. Charlesworth, chairman; L. N. McClellan, vice-chairman; 
Registration—A. L. Jones, chairman; W. C. DuVall, vice-chair- 
man; Sections—W. B. Kouwenhoven, chairman; V. L. Board, 
vice-chairman; Ladies Entertainment —Mrs. A. L. Jones, chair- 
man; Mrs. L. N. McClellan, vice-chairman; Hotel—H. B. 
Barnes, chairman; J. H. MeCable, vice-chairman; Publicity— 
J. F. Greenawalt, chairman; H. H. Argabrite, vice-chairman; 
Transportation—W. H. Edmunds, chairman; G. M. Moore, 
vice-chairman; Student Branches—J. L. Beaver, chairman; 
H. S. Evans, vice-chairman. 


INSTITUTE AND RELATED ACTIVITIES 


TENTATIVE PROGRAM 

Mountain Standard Time is indicated throughout this program 

Monday, June 23 
Registration 
Section Committee Meeting 
Section and Branch Delegates' Luneheon 
Section Committee Meeting (Continued) 
Branch Committee Meeting 


Tuesday, June 26 


Annual Business Meeting of the Institute 
President's Address 

Presentation of Prizes for Papers 

Technical Session on Surge-Voltage Investigations 


SESSION A 


9:00 &. 
10:00 &. 
12:30 p. 

2:00 p. 

4:00 p. 


BBBHBB 


9:30 &. 


B 


Surge-Voltage Investigation on Transmission Lines, 
W. W. Lewis, General Electric Co. 

Lightning Investigations on New England Power 
Company's System, E. W. Dillard, New England 
Power Co. 

Surge-Voltage Investigation on 140-kv. System of 
Consumers Power Co., J. G. Hemstreet and J. 
R. Eaton, Consumers Power Co. 

Surge- Voltage Investigation on 132-Kv. Transmission 
Lines of American Gas and Electric Co., Philip 
Sporn, American Gas & Electric Co. 

Surge-Voltage Investigation on 220-kv. System of 
Pennsylvania Power & Light Co., N. N. Smeloff, 
Pennsylvania Power & Light Co. 

Golf and Tennis Tournaments 

Lecture, ‘‘Geophysical Methods of Prospecting” 

by Dr. C. A Heiland, Colorado School of Mines 

9:30 p. m. Reception 


2:00 p. m. 
8:30 p. m. 
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Wednesday, June 27 
9:30 a.m. Technical Committee Reports, Sessions B and C 


Session B 


Research F. W. Peek, Jr., Chairman 
Electrophysics Vladimir Karapetoff, 
Chairman 
Education . "e P. M. Lineoln, Chairman 
Instruments and Measurements E. S. Lee, Chairman 
Communication . H. W. Drake, Chairman 


Production and Application of 


Light . . . . P. S. Millar, Chairman 
Electrochemistry and Electro- 
metallurgy G. W. Vinal, Chairman 


Electrical Machinery . F. D. Newbury, Chairman 
Session C 


Power Transmission and Dis- 


tribution Philip Torchio, Chairman 
Protective Devices . F. L. Hunt, Chairman 
Automatic Stations Chester Lichtenberg, 


Chairman 

Applications to Iron and Steel 

Production . á x A. G. Pierce, Chairman 
Applications to Mining Work W. H. Lesser, Chairman 
Applications to Marine Work W. E. Thau, Chairman 
Transportation J. V. B. Duer, Chairman 
Electric Welding . . J.C. Lincoln, Chairman 

12:30 p. m. Directors’ Luncheon-Meeting 
2:00 p. m. Technical Session on Electrified Railways 


SEssION D 


High-Speed Circuit Breakers, J. W. MeNairy, 
General Electrie Co. 

High-Speed Circuit Breakers for Railway Electri- 
fication, H. M. Wilcox, Westinghouse Electric 
& Mfg. Co. 

Operating Experience with High-Speed Circuit 
Breakers, B. F. Bardo, New York, New Haven 
& Hartford Railroad 

Arrangement of Feeders and Equipment for Electrified 
Railways, R. B. Morton, of Gibbs and Hill 

Protection of Electric Locomotives and Cars to 
Operate with High-Speed Circuit Breakers, E. 
H. Brown, Pennsylvania Railroad 

The High-Speed Circuit Breaker in Railway Service, 
W. P. Monroe and R. M. Allen, Illinois Central 
Railroad 


7:00 p.m. Convention Dinner-Dance 
Thursday June 28 
9:30 a. m. Mountain Trip (Returning about 4:30 p. m.) 
8:00 p. m. Theater Party 
Friday, June 29 
9:30 a.m. Technical Sessions E and F 


Session E 


A Formula for Minimum Horizontal Spacing of 
Transmission-Line Conductors, P. H. Thomas, 
Consulting Engineer 

Transmission Experiences of the Public Service Co. 
of Colorado, M. S. Coover, University of Colorado, 
and W. D. Hardaway, Public Service Co. of 
Colorado 

A-c. Elevator Motors of the Squirrel-Cage Type, 
E. E. Dreese, Lincoln Electrice Co. 

Electric Welding of Pipe Lines, J. D. Wright, 
General Electric Co. 

SEssION F 

Utilization of Lodgepole Pine as Pole Timber, R. 
W. Lindsay, Mountain States Telephone & Tele- 
graph Co. 

Carrier Systems on Long-Distance Telephone Lines, 
H. A. Affel and C. S. Demarest, American 
Telephone & Telegraph Co., and C. W. Green, 
Bell Telephone Laboratories, Inc. 

Superimposed High-Frequency Currents for Circuit- 
Breaker Control, L. R. Ludwig, Westinghouse 
Electrie & Mfg. Co. 

Extinction of an Alternating-Current Arc, Joseph 
Slepian, Westinghouse Electric & Mfg. Co. 
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1:30 p.m. Golf and Tennis Finals 
7:20 p.m. Start of Tour to Yellowstone Park, ete. 
LADIES’ PROGRAM 
The ladies are invited to all evente of the Convention. 
features are listed as belng of special interest. 


Monday, June 25 


The following 


8:00 p.m. Informal Reception 
Tuesday, June 26 
10:00 a.m. Golf, Tennis, and Swimming 
2:00 p.m. Drive around Denver and Tea and Entertainment 
at Cherry Hills Country Club 
8:30 p.m. Lecture on ‘‘Geophysies’”’ by Dr. C. A. Heiland, 
Colorado School of Mines 
9:30 p.m. Reception and Dancing 
| Wednesday, June 27 
11:00 à. m. Drive up Lookout Mountain, Luncheon and Bridge 
at Mt. Vernon Country Club, returning at 4:30 
p. m. | 
7:00 p. m. Convention Dinner-Dance 
Thursday, June 28 
9:30 à. m. All-Day Mountain Trip, returning at 4:30 p. m. 
8:00 p. m. Theater Party at the famous Eliteh's Gardens 
Friday, June 29 
10:00 à. m. Finals in Golf, Tennis and Swimming 
Afternoon Shopping and Other Trips 
7:20 p. m. Start of Tour to Yellowstone Park, etc. 


A. I. E. E. Tour to Yellowstone Park 


The tour to Yellowstone Park, which will follow the Summer 
Convention in Denver, has created much interest among Insti- 
tute members, quite a number of whom are planning to take the 
trip. Yellowstone National Park will be the main objective 


GREAT FALL FROM Beton, Haynes, Sr. Pavu 


of the tour and stops will also be made at Colorado Springs and 
Salt Lake City. 

About eighteen days will be required for the entire trip, 
including the Convention, if New York City is the starting point. 
The time required from other points will depend, of course. 
upon their location. The start will be made from New York 
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on the afternoon of June 22 and the return to New York will 
be on July 10. 

Members from other sections of the country may meet the 
party at any point along the route including Denver. 

The party will arrive at Denver on Sunday evening, June 24, 
and after the Convention is over, will leave Friday evening, 
June 29, for Colorado Springs, where they will stay at the Broad- 
moor Hotel. 


Towers ALONG THE Copy Roap IN SHOSHONE CANYON 


These towers resemble the ruins of old buildings and this particular 
tower looks very much like a ruined church while on the distant hill is 
shown the broken cross 


At Colorado Springs June 30, Pike’s Peak, the Garden of the 
Gods, South Cheyenne Canyon, and Seven Falls will be visited. 
Enroute from Colorado Springs on July 1 will be seen the famous 
Royal Gorge. 

Arriving in Salt Lake City on the morning of July 2, trips will 
be made morning and afternoon, and at noon the organ recital 
in the Mormon Temple will be heard. Among the trips which 
ean be taken are those to Saltair Beach, the Bingham Copper 
Mines, and the canyons near the city. 

Leaving Salt Lake City on the evening of July 2, the party 
will arrive at the West Yellowstone entrance on the next morning. 

In Yellowstone National Park, four and one-half days will 
be spent enjoying the many wonders of nature which are there. 
Old Faithful and many other geysers, Yellowstone Lake, the 
Grand Canyon and Great Falls of the Yellowstone, Mammoth 
Hot Springs, Shoshone Lake and Dam are the prominent points 
that will be visited. 

Leaving the park by way of the Cody road the party will take 
the train at Cody on the evening of July 7 and will arrive in 
Chicago, July 9 and in New York, July 10. 

A detailed schedule of the tour is included at the foot of this 
announcement. 

A most enjoyable feature of this trip will be that all arrange- 
ments for railroad and pullman tickets, hotels, automobile 
tours, baggage transfer, ete., will be made by the travel bureau 
whieh has been authorized for the trip. 

The cost of the tour, depending on pullman accommodations 
desired, will be as follows, with New York as the starting point. 
Rates from other points will differ according to the location. 

COST OF TOUR STARTING AT NEW YORK 


One in One in 'Two in Two in Three in 
upper lower compartment drawing room drawing room 
berth berth (each person) (each person) (each person) 
$350 $375 $398 $439 $393 
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The tour is arranged on the all-expense plan and the eost 
includes round-trip railroad and pullman transportation, side 
trips, accommodations at first-class hotels (rooms with bath, 
twin beds) ineluding the Cosmopolitan Hotel, the headquarters 
of the meeting, all meals (except at Denver), transfer of pas- 
sengers and baggage, sight-seeing and touring cars, in fact all 
necessary expenses except meals at Denver, trips in Salt Lake 
City and tips. 

The cost does not include private baths at Yellowstone Park. 
Such accommodations are limited, but private bath accommoda- 
tions will be secured, at slight additional cost, for members of the 
party who desire them there. 

All who are interested in this tour are requested to communi- 
eate with the travel bureau, The Henry Tours, Inc., 565 Fifth 


Avenue, New York, N. Y., which will make arrangements. The 
bureau will give information on all matters. 
SCHEDULE OF YELLOWSTONE TOUR 
June 22 (Fri.) Lv. New York (N. Y. Central, No. 
41) 1.00 p. m. 
23 (Sat.) Ar. Chicago 1.00 p. m. 
Auto trip about the eity 
Lv. Chicago (Chicago, Burlington 
and Quiney, No. 1) 5.30 p. m. 
24 (Sun.) Ar. Denver 1.55 p. m. 
25 (Mon.) Attending Convention, Cosmo- 
to 29 (Fri.) politan Hotel 
29 (Fri. Lv. Denver (Denver & Rio Grande 
Western, No. 15) 7.20 p. m. 
Ar. Colorado Springs 9.45 p. m. 
Overnight at the Broadmoor 
Hotel 
30 (Sat.) At Colorado Springs. In the 


morning auto trip to summit of 
Pike's Peak. In the afternoon 
auto trip to Garden of the Gods, 
South Cheyenne Canon and 
Seven Falls. Meals and over- 
night at the Broadmoor. 


Puupir TERRACE YELLOWSTONE PARK 


July 1(Sun.) Lv. Colorado Springs (D. & R.G. W. 
No. 7) 10.10 a. m. 
Short stop enroute at Royal 
Gorge. 
2 (Mon.) Ar. Salt Lake City 9.15 a. m. 


Luneheon and dinner at Hotel 
Utah. 

Salt Lake City 
No. 45) 


Lv. (Union Pacific 


8.00 p. m. 
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3 (Tues.) Ar. West Yellowstone 7.30 8. m 
Lv. West Yellowstone (auto) 9.30 a. m 
Ar. Old Faithful 11.55 a. m 
July 4 (Wed.) Lv. Old Faithful (auto) 1.50 p. m 
Ar. Yellowstone Lake 4.55 p. m 
5 (Thur.) Lv. Yellowstone Lake (auto) 10.00 a. m 
Ar. Grand Canyon 12.00 Noon 
Lv. Grand Canyon 1.30 p. m. 
Ar. Mammoth Hot Springs 4.48 p. m. 
6 (Fri.) Lv. Mammoth Hot Springs (auto) — 12.30 p. m. 
Ar. Grand Canyon 3.00 p. m. 
7 (Sat.) Lv. Grand Canyon (auto) 9.00 &. m. 
Ar. Sylvan Pass Lodge 12.01 p. m. 
Lv. Sylvan Pass Lodge (auto) 1.15 p. m. 
Ar. Cody Inn 4.55 p. m. 
Lv. Cody Inn (C. B. & Q. Yellow- 
stone Park Comet) 8.30 p. m. 
8 (Sun.) Enroute (on Northern Pacific to 
Minneapolis) 
9 (Mon.) Ar. Minneapolis 6.40 a. m. 
Lv. Minneapolis (No transfer) 
(C. B. & Q. No. 52) 7.05 a. m. 
Ar. Chicago 7.55 p. m. 
Lv. Chicago (N. Y. C. No. 40) 9.00 p. m. 
JO (Tues.) Ar. New York 6.50 p. m. 


Pacific Coast Convention in Spokane 
August 28-31 


The 1928 Pacific Coast Convention to be held August 28-31 
at Spokane, Wash., will have on its program some very timely 
technical papers. Among the subjects to be discussed are 
transmission studies including lightning phenomena, corona, 
and swinging of conductors; carrier-current relaying and com- 
munication; automatic stations; vacuum-tube applications; 
telephony, railway electrification, automatic. train control, 
electrometallurgy of zine, ete. | 

Details will be published in a later issues of the JOURNAL. 


. Atlanta Regional Meeting October 29-31 


A three-day regional meeting will be held under the direction 
of the Southern District of the Institute, in Atlanta, Ga., October 
29-31, with headquarters at the Hotel Biltmore. 

Tentative plans for à program have already been formed by 
the District Committee and further announcements will be made 
in future issues of the JOURNAL. 


Annual Meeting of A. S. T. M. June 25-29 


The thirty-first Annual Meeting of the American Society for 
Testing Materials will be held at Atlantie City, June 25-29, with 
headquarters at Chalfonte-Haddon Hall. The meeting will be 
comprehensive in its committee reports, besides the presentation 
of many papers on technical subjects of current interest. On 
the afternoon of Wednesday, June 27, at 4:00 o'eloek, the third 
Edgar Marburg Lecture will be delivered by Doctor Frank B. 
Jewett, who has chosen for his subject, Some Research 
Problems Involved in Transoceanic Telephony. This Lecture was 
established in 1926 ''for the purpose of having described before 
the Society by leaders in their respective professions, outstanding 
developments in the promotion of knowledge of engineering 
materials.” 

Abundant provision has been made also for the social side of 
the meeting, with an informal dance and smoker Wednesday 
evening, special recreation committee plans, golf and tennis 
tournaments. 


Papers for World Congress 


The importance of a careful selection of papers to be read to 
reflect the status and tendencies of each of the major branches of 
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engineering in this country was stressed in the report of the 
Technical Program Committee of the World Congress, headed by 
Prof. Dugald C. Jackson. The program group will call on the 
societies specializing in the different branches of industry, for help 
in selecting authors for the American engineering papers. Since 
their acceptance would interfere with the adequate presentation of 
the larger developments of engineering in the United States, 
miscellaneous papers will not be received for reading at the 
Congress. 

Professor Jackson, as chairman, announced thef ollowing as 
members of the technical program committee: Allen Hazen, 
vice chairman; H. Foster Bain, Alex Dow, W. F. Durand, J. R. 
Freeman, Bancroft Gherardi, George W. Fuller, F. L. Hutchinson, 
Major General Edgar Jadwin, Dean Dexter S. Kimball of the 
School of Engineering of Cornell University; A. D. Little, Fred 
R. Low, O. C. Merrill, Professor Michael I. Pupin, Calvin W. 
Rice, George T. Seabury, George Otis Smith and W. E. 
Wickenden. 


Automotive Engineers to Meet in Quebec 


This summer’s semi-annual meeting of the members of the 
Society of Automotive Engineers will be in Quebec, with sessions 
from June 26 to 29, inclusive, at the Chateau Frontenac. The 
program now being planned provides for nine technical sessions. 
sightseeing trips about the city, golf and tennis, and a grand 
ball. l 

An international aspect will be given to the meeting by the 
attendance and presentation of addresses by several Canadian 
and European engineers. This will be in keeping with the old 
world character of the city in which the meeting is held, Quebec, 
the only typically European city on the American Continent. 

Special trains will run from Detroit and New York City to 
carry members to the meeting, and a number of special cars from 
other cities will connect with these. 


Canada to Hold Steel and Power 
Show Sept, 4-7 

The outstanding event of the Canadian engineering world for 
1928 will be Canada’s Steel and Power Show which will be held 
in the University of Toronto Arena September 4 to 7, inclusive. 
Cooperating in the undertaking are the Canadian Section of the 
American Welding Society, the Engineers’ Mutual Benefit 
Fund, the Canadian Engineering Standards Association, the 
Industrial Accident Prevention Association, and the Montreal 
Chapter of the American Society for Steel Treating. 


Three New Standards and a Report 
Available 


Section 4—Test Voltage in Dielectric Tests. This Section of the 
Standards was prepared by a subcommittee of the Standards 
Committee under the chairmanship of F. W. Peek, Jr. It was 
adopted by the Board of Directors on May 18, 1928. The 
Standard lays down conditions for the measurement of test 
voltages with voltmeters, spark-gaps, use of sphere- and needle- 
gaps, gives a table of sphere-gap spark-over voltages, and also 
covers testing equipment and arrangement, ete. Cost of 
pamphlet 30 cents; 50 per cent discount to members. 

Section 16—Industrial Control Apparatus. This is & revision 
of the American Standard for Industrial Control Apparatus. 
The revision was made by the Sectional Committee procedure of 
the American Engineering Standards Committee and under the 
joint sponsorship of the National Electrical Manufacturers 
Association and the A. I. E. E. The revision was approved by 
the Board of Directors of the Institute on December 6, 1927 and 
received approval as an American Standard April 25, 1928. 
This standard covers the following types of apparatus: Industrial 
Motor Control; Similar Control used for Industrial Heating: 
Rheostats, including those for Generator Fields; Auto Trans- 
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formers used with Starters. Cost 40 cents; 50 per cent discount 
to members. 

Section 36—Storage Batteries. This Section of the Standards 
was prepared by a subcommittee of the Standards Committee 
under the chairmanship of G. W. Vinal of the Bureau of Stand- 
ards. It was approved as an Institute Standard by the Board 
of Directors on February 16, 1928. The standards in this 
Section apply to storage batteries of the lead-acid type and of the 
nickel-iron alkaline type. They are suitable for large and small 
batteries in either stationary or portable service. Cost 20 cents; 
50 per cent discount to members. 

Section 17 G1—Report on Standards for Letter Symbols of 
Electrical Quantities. This report which was given preliminary 
publication in the March 1928 JouRNAL was prepared by a sub- 
committee of the Sectional Committee on Seientifie and Engi- 
neering Symbols and Abbreviations, for which the Institute is 
one of five joint sponsors. Copies of this report may be obtained 
without charge by applying to Institute Headquarters. All 
criticisms and suggestions should be sent to H. E. Farrer, 
Secretary, Standards Committee, A. I. E. E., 33 West 39th 
Street, New York, N. Y. 


Report on Technical Sessions at Baltimore 
Regional Meeting 


The following is a digest of the discussion on the technical 
sessions of the Regional Meeting held in Baltimore, April 17-20, 
1928. The complete discussion will be published with the corre- 
sponding papers in the TRANsACTIONS. A report on the other 
activities of the meeting was published in the May JOURNAL, 
p. 378. 


SESSION ON INSULATION AND DIELECTRICS 


Thermal Method of Standardizing Dielectric Power-Loss 
Measuring Equipment, J. A. Scott, H. W. Bousman and R. R. 
Benedict. | 

Residual Air and Moisture in Impregnated Paper Insulation— 
II,J. B. Whitehead, W. B. Kouwenhoven and F. Hamburger, Jr. 

Developments in the Insulation of Coils for High-Voltage Turbo- 
Generators, C. H. Hill. 

In diseussing the first paper, W. F. Davidson warned that care 
must be taken in dielectric loss measurements to connect the 
guard circuit to the proper point so that errors will not be intro- 
duced. In a written discussion, Donald Bratt pointed out that 
the temperature rise on the surface of the cable sheath due to 
dielectric power loss is significant not only for its average value 
over & considerable length of cable but also for its fluctuations 
along this length. A study of these fluctuations will give an 
indieation of the homogeneity of the insulation. He suggested 
also that it might be desirable to have a factory test whereby 
the non-homogeneous sections of insulation might be detected 
without cutting the cable. This could be accomplished by pass- 
ing current first through the cable conductor and then through 
the sheath. If the temperature-rise curve differs materially in 
the second case from that found in the first ease, this variation 
might be ascribed to heterogeneous insulation. H. L. Curtis, in 
discussing the first and second papers, asked if thelossattributed 
to humidity might be a loss across the insulators of the air con- 
denser. In answering this, W. B. Kouwenhoven stated that 
with the latest type of condenser which he uses, there is no con- 
duction loss across the insulation, and that tests at Johns Hop- 
kins indicate clearly that losses due to humidity are caused by 
the presence of dust in the air. This was corroborated by J. B. 
Whitehead, who stated that he has no faith in the suggestion that 
humidity or temperature can cause any departure of the power 
factor of an air condenser from zero value. Alexander Nyman 
stated that he had made tests in connection with impregnated 
paper condensers and that his results were very similar to those 
described in the second paper. He stated that he had tested 
these condensers during the summer months and found that the 
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effect of temperature was quite marked and was greater than 
that of humidity. The condensers he tested were completely 
impregnated in wax and yet moisture was able to penetrate the 
wax and cause leakage. He agreed that moisture does not have 
to be extracted from the paper previous to impregnation, but 
pointed out that in manufacturing processes it may be preferable 
to extract the moisture before impregnation. A. W. Gray, in 
discussing these papers, presented a theory to explain the action 
of dielectrics. According to this theory, any insulator is com- 
posed of insulating layers of the dielectric between which are 
small spaces. When voltage is first applied, there is a charge 
resulting from the geometric capacity. As the voltage is in- 
creased to a sufficient gradient, the small spaces between insulat- 
ing layers become conductive. In other words, this theory 
assumes that air spaces within the insulation offer leakage paths 
and also gaseous ionization which lead to the ordinary phenomena 
of dielectric absorption. S. J. Rosch drew attention to the fact 
that the tests were made under laboratory conditions and that it 
is practically impossible to duplicate the results in cables which 
have been manufactured and installed. Several other discussors 
also called attention to the difficulty of getting such results in 
practical cables. W.S. Clark pointed out that the oil-filled cable 
comes nearer to the perfect cable than any other commercial one. 
He stated that of course the selection of this cable depends upon 
economic factors, and particularly for lower voltages it might 
not be economical. F. M. Clark stated that in the manufacture 
of capacitors the requirements are even greater than those men- : 
tioned in the second paper with regard to dryness of insulation 
and stability of power factor. D. W. Roper mentioned that the 
results of tests made at the University of Illinois on cable samples 
seem to show that an increase of power factor with time (particu- 
larly in the first few minutes) at constant potential, may indicate 
a good quality of dielectric. R. W. Wiseman referred to the fact 
that by drying paper too thoroughly its physical strength is 
destroyed and that therefore a compromise between physical 
and electrical strength must be made. From a cable manufac- 
turer’s point of view he thought that 0.1 per cent moisture was a 
good compromise point. He disagreed with the conclusion that 
sharply rising curves and rapid changes in power factor are due 
exclusively to entrapped air. He stated that the nature of the 
compound or of the paper has considerable effect on the changes 
in power factor. 


In his closing comments, Dr. Whitehead pointed out that his 
experiments had been made only for the purpose of getting funda- 
mental facts and that his paper did not endeavor to show how 
these facts should be applied in manufacturing cables. 

In discussing the paper by Mr. Hill, P. L. Alger agreed that 
armature insulation depends on two factors: (1) the sticker, and 
(2) corona. The sticker, he stated, must combine the two 
requirements of flexibility and high temperature resistance. 
He agreed with Mr. Hill that black asphalt gives the best results. 
For prevention of corona, he stated, a simple asbestos-tape armor 
on the outside of the coil is quite satisfactory. He mentioned 
however that considerable corona can be permitted without 
giving much operating trouble. 


SESSION ON GOULD St. GENERATING STATION 


The Gould St. Generating Station of the Consolidated Gas Electric 
Light and Power Company, A. S. Loizeaux. 

Design Studies for Gould St. Generating Station, F. T. Leilich, 
C. L. Follmer and R. C. Dannettel. 

Operating Experiences, Gould St. Generating Station, A. L. 
Penniman and F. W. Quarles. 

In opening the discussion, A. G. Christy pointed out some of 
the novel features of the Gould St. Station. He stated that this 


is the first large American station built on the basis of one boiler 


for each turbine and that the performance has been quite satis- 
factory. The capacity of the turbines for the size of frame is 
somewhat larger than has been common in older stations. The 
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use of the eondenser with long tubes rolled at both ends is a 
decided advance also, though such a scheme has been used in 
Europe but with very short tubes. The hairpin, vertical-type 
heater is unusual, takes up very little room, and is very accessible. 
The air preheaters are very large and Professor Christy pre- 
dicted that larger air preheaters will be used as stations grow in 
size, because their advantages have become well recognized. 
He drew attention to the fact that the boiler house is considerably 
smaller than the turbine room and predicted therefore that 
larger machines will be used when additional units are installed. 
L. W. W. Morrow commented on the new features, particularly 
the boiler-per-turbine combination, the high rating, and the 
all-metal furnace wall. He pointed out that the success of this 
station means that we need not fear that fixed charges will be 
increased tremendously by departures from older practise such 
as use of high pressures and high temperatures and other refine- 
ments. He asked the authors if the maintenance of the auto- 
matic equipment of the station requires far more skillful operators 
and how many men per shift are employed. He also asked what 
would be the use factor expected out of the boiler-per-turbine 
combination. H. C. Sutton mentioned that several features 
of the station seem conservative in design, namely, the 450-lb. 
boiler pressure and 440 volts for the station auxiliaries. One 
advantage in using the 440-volt auxiliaries, he said, is that air 
tvpe circuit breakers may be used instead of oil circuit breakers 
which are necessary for 2300-volt auxiliaries. R. L. Thomas 
pointed out the amount of attention which had been paid to 
over-all economy of this plant, and that due consideration had 
been given to the cost of equipment as well as efficiency, fuel 
rates, ete. He asked how boiler pressures at the station are 
allowed to decrease during banking and if intermediate firings 
are carried out. J. C. Strott drew attention to the fact that the 
plant occupied an unusually small area of ground. F.O. Schnure 
asked the authors if it is necessary to use all of the 53 points on 
the induced-draft fan control, and also what method is used in 
grounding the generators. M. M. Price, in commenting on the 
conservativeness of design, brought out the fact that the station 
was designed and the apparatus was purchased in 1924, and that 
a boiler pressure of 450 lb. was high at that time. 


A. L. Penniman, Jr. in his closing diseussion, emphasized 
the fact that though minor troubles had developed, most of these 
had been remedied and the station is doing substantially what it 
was designed to do. ‘The air pre heaters, he said, are not doing 
what they were supposed to do because laboratory experiments 
indicated higher rates of heat transfer than it has been possible 
to obtain in practise, and there seems to be a definite indication 
that the heat loss by radiation from the generating units is 
somewhat larger than was anticipated. On the other hand, he 
said, the heat absorption of the boilers is apparently better than 
was anticipated, and the steam temperature has now been raised 
so that the efficiency is still higher than that shown in the curves 
of the paper. One conclusion whieh he has reached is that if 
pulverized coal is to be used, the plant should not be started 
cold weather on aceount of the difficulty of getting the drying 
system into correct operation. Particularly with the mill 
system, he said, the coal must be dry, and when it is dry, practi- 
eally all problems of feeding, transporting, and grinding will 
disappear. The logical place to dry the coal, he stated, is in the 
mill. At Gould St. the air is fed in at about 400 deg. fahr., and 
the reduction in temperature due to evaporation of the moisture 
in the coal is so rapid that there is a 30-deg. fahr. drop in about 
12 in. of travel of the air; actually, the temperature in the mill 
does not exceed the normal temperature without air drving by 
more than 5 deg. He stated he is convinced that there is no 
reason why the steam temperature should not be 800 deg. or 
825 deg. in the next installation. This is the greatest opportunity 
for gain in economy at relatively small expenditures, and no 
trouble is to be expected from the superheaters by operating 
at 100 deg. higher temperature. 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


In answering Mr. Morrow's questions, F. W. Quarles stated 
that &bout fourteen men are used per shift and that the mainte- 
nance required for the automatic equipment has been compara- 
tively small on the standardized pieces except on the draft-fan 
eontrols, on which there has been some trouble with interlocks. 
On new designs of equipment the maintenance has so far been 
high but with time this will decrease. He stated that at the 
present time no definite figures can be given on the use factor of 
the boilers and turbines. He said that the amount of fuel re- 
quired in banking has not been measured, but that in banking, 
the pressure is allowed to fall to about 100 Ib. and then raised 
again by the use of burners about every four hours. In regard 
to using the 53 points on the induced-draft fans, he stated that 
there is & great necessity for having & large number of points 
because of the large range in speed that is required. 

A. S. Loizeaux, in answering Mr. Sehnure's question, stated 
that the generators are solidly grounded though it is expected to 
insert a reactor in the 60-cycle system as has been done in the 25- 
cycle system, where a 34-ohm reactor is used. Operation has 
proved, he stated, that there is no excessive smoking at high 
capacities of the boilers, and in fact that combustion then seems 
to be more complete. 

SESSIONS ON THE CoNowiNco DEVELOPMENT 

The Conowingo Hydroelectric Development on the Susquehanna 
River, Alex. Wilson. 

Electrical Features of the Conowingo Generating Station and the 
Receiving Substations at Philadelphia, R. A. Hentz. 

The 220-Kv. Transmission Lines for the Conowingo Development, 
P. H. Chase. 

Telephone System in Connection with the Conowingo Develop- 
ment, W. B. Beals and E. B. Tuttle. 

Quantitative Mechanical Analysis of Power-System Transient 
Disturbances, R. C. Bergvall and P. H. Robinson. 

Superercilation for the Synchronous Condensers for the Cono- 
wingo System, D. M. Jones. 


In commenting on these papers, F. G. Baum stated that the 
interesting thing about the Conowingo Development is the speed 
at which the work wasdone. He approved very heartily of the 
adoption of 220 kv. for the lines instead of a lower voltage. 
Five years’ experience with 220 kv. in California, he stated, has 
shown very successful results. He stated that service should be 
figured not on interruptions per mile of line but per million 
kilowatt-hours delivered, and that value certainly will be much 
less at 220 kv. than at 110 kv. or a lower voltage. R. L. Thomas 
explained the location of the dam, pointing out that studies 
proved that there would be a very considerable gain accomplished 
by maintaining a pond level at Conowingo considerably higher 
than would be allowable if no interference were permitted with 
levels at Holtwood. He pointed out that arrangements for 
this were satisfactorily made between the two independent 
operating companies, and that it is gratifving that a good engi- 
neering proposition could be thus put through by good business 
cooperation. P. L. Alger drew attention to a novel feature of 
the design of the generators made by his company for this 
development. In these generators the entire rotor is made of 
riveted and plate construction without any castings whatever. 
He stated that it is expected that the efficiency of the generators 
at full load under rated eonditions will be about 97.7 per cent. 
D. W. Roper asked if any special inducements were offered to 
the contractors to hasten the completion of the plant. In 
answering this question, Alex. Wilson said that no bonuses were 
offered to the contractors but that they all worked on a fee basis. 
The work was very carefully scheduled and there was complete 
coordination of construction progress, and no deviations were 
accepted. He stated also that fortunately sueh floods as 
occurred during the construction came at times when thev did not 
delay the work. 

R. A. Hentz pointed out one difficulty in designing the 220-kv. 
line which is not found on the Pacifie Coast; namely, the severity 
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of lightning in this section of the country. This has been 
guarded against in three ways: (1) the insulation on the trans- 
formers is heavier than customary, (2) ground wires are installed 
over the transmission lines, and (3) lightning arresters are used 
on both ends. The selection of 440 volts for auxiliaries was 
. made because building space is limited, and on account of the 
size of the motors it was found that 440 volts would be ample. 
He stated that his company feels very favorable toward 2300 
volts for auxiliaries and uses it in all steam stations where the 
amount of power required is greater. 


B. Van Ness asked the authors of the papers if their studies 
showed that the installation of quiek exeitation for the Cono- 
wingo plant would necessitate installing quick excitation on 
other existing stations in order that the excitation would be uni- 
form throughout the system. L. G. Smith asked if consideration 
had been given to the fact that the steam governors may start to 
function during a period of oscillation and thus superimpose their 
effect on the oscillation of the svstem. He asked also if, after a 
short eireuit had been removed from the system, it is necessary 
to prevent overvoltage on the synchronous condensers which 
may cause failure of insulation on some part of the system. 
F. G. Baum, in speaking of the advantages of synchronous 
condensers, said that they are valuable, first, in increasing the 
power capacity of the transmission line, second, in increasing 
stability, and third, in allowing & simplified method of voltage 
regulation by the system operator. F. C. Hanker brought out 
that one reason for preferring the loose-link system of inter- 
connection, is that the equipment now developed does not permit 
separation of faulty circuits sufficiently quickly to prevent trouble. 
He believes that further operating experience is necessary before 
a decision ean be made as to which of these two systems is most 
desirable. Alex. Bauhan pointed out that the question of 
stability did not really enter into the economic determination of 
the feasibility of this particular interconnection, because the 
distances are short and the stability limits are higher than the 
loads which were necessary to justify the interconnection. 
He stated, however, that on long-distance transmission of large 
amounts of power, stability’ is perhaps the controlling feature. 
It was his opinion that in this interconnection, the effect of volt- 
age which dips in one part of the system, being transmitted to 
other parts, will probably cause considerable trouble, and that the 
number of dips will be greater than would have occurred without 
interconnection. However, he did not regard these voltage 
Variations as very important. As to their effect on indust- 
rial applications, he stated that he believed that in the 
future all new industrial insulations, where continuity of service 
is important, will have their low-voltage releases provided with 
time delays. In referring to quick excitation, P. H. Robinson 
stated that it was possible to build up the fields quickly enough 
to eause a natural period of oscillation practically the same as 
that of the svstem, which might result eventually in a pull-out. 
He said that the condensers for the Plymouth Meeting Station 
had been designed so that this trouble would be avoided. He 
pointed out that in order to obtain the full advantages of quick 
exeitation, it was found necessary to laminate the frames of the 
main exeiters. A. F. Bang questioned the advisability of locat- 
ing the substation on the top of the building, especially as this 
location limits the extension of the substation when other trans- 
mission lines are eonneeted. He also mentioned the disadvan- 
tage of this location in regard to the possibility of oil fires in 
connection with the oil switches. He asked also why reactors 
were not installed on the system. Furthermore, he suggested 
that the transmission lines should not be operated in parallel 
on the high-tension side, in order that there would be less chance 
of falling out of step in case of short circuit. In speaking on 
Mr. Jones’ paper, R. D. Evans pointed out that the curves are 
based on the assumption of constant terminal voltage which does 
not exactly correspond to operating conditions. F. A. Allner 
asked if it was not risky to install oxide-film arresters on the lines 
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on account of the high-speed excitation and at times over- 
excitation, together with the possibility that in case of large loss 
of load, the water-wheel generators might speed up. In speaking 
of stability, Raymond Bailey said that it is very desirable that 
means be found to isolate faulty sections more quickly, and 
probably this should be accomplished by developing circuit 
breakers that function more quickly and relay protective sys- 
tems which do not depend on time for their operation. P. H. 
Robinson, in answering & question, stated that in any large 
generating station of prime importanee in the interconnection, 
the application of quiek-response excitation will undoubtedly be 
of value. He stated that he did not believe that the effect of the 
reaetive kv-a. would be to inerease to dangerous proportions, the 
oscillations on the system. He said he did not believe that 
governors, if properly adjusted, would cause any bad effect 
following the opening of a short circuit. R. C. Bergvall, in 
answering a question of Mr. Bang, regarding the use of the 
transformers as reactors to cushion short circuits, stated that in 
some cases this practise would be of value and in other cases it 
would he a disadvantage, and that every case should be studied 
by itself. In answering Mr. Allner's question regarding lightning 
arresters, he stated that arresters of any type must be set within 
the maximum over-voltage obtainable on a system; otherwise the 
arresters will fail. The arresters on this system, he stated, are 
set for an increase of about 75 per cent in the line-to-neutral 
voltage. He said it was found that & reasonable degree of 
protection would result from an arrester installed on this basis, 
and that if experience indieates that the ealeulated over-voltages 
are not obtained, it is readily possible to eut out sections of the 
arrester. D. M. Jones pointed out what he thought was one 
disadvantage of the mechanical analog described by Messrs. 
Bergvall and Robinson, in that it is devoid of large amounts of 
friction which would correspond to certain factors in an actual 
transmission system. In referring to Mr. Smith’s query, he 
agreed that overvoltage caused by excessive excitation applied 
to synchronous condensers, is one of the distinet limitations that 
exist in raising excitation to abnormal values. He agreed with 
Mr. Bang’s point in regard to the addition of reactors, as these 
are of advantage in limiting the path of faulty current without 
limiting the path of power flow. R. A. Hentz, in answering a 
question of Mr. Bang, stated that the substation had been placed 
on the roof at Conowingo as a matter of economy. If not placed 
on the roof, the substation would have been located at the top of 
the hill quite a distance from the main station, and this would 
have been considerably more expensive. He added one more 
thought on the question of reactors, pointing out that 220,000- 
volt reactors are very expensive. He brought out another point 
in connection with over-voltage caused by over-speed of the 
generators, namely, that the generators have a mechanical over- 
speed device which trips the generator circuit breakers. 


In diseussing the paper bx Beals and Tuttle, Mr. Markley 
asked if it is possible to connect the telephones in the buildings 
throughout the trunk line with the Philadelphia load-dispatehing 
svstem. He pointed out the advantage of the location of the 
Conowingo station in that most of the communication circuits 
are underground. He asked if carrier current and short-wave 
space radio had been considered for communication on this 
system. Mr. Beals, in answering the first question, said that the 
Conowingo station operator has a direct circuit to the Phila- 
delphia load dispatcher. A second circuit runs between the Cono- 
wingo plant and the private exchange branch of the Philadelphia 
Eleetrie Company. He pointed out that one faetor which led 
to the adoption of the telephones was that the Philadelphia 
Eleetrie Company already had an extensive load-dispatehing 
svstem and the Conowingo system is simply an extension of the 
Philadelphia system. E. B. Tuttle stated that carrier current 
had not been used at Conowingo because it was more expensive 
than the rented communication service. He said that short- 
wave radio for distances less than two or three thousand miles is 
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still in an experimental stage, and that some power com- 
panies who wish to have a permanent record of all dispatching 
orders, employ the printing telegraph. Mr. Allner mentioned 
that on the Pennsylvania-Baltimore system, such a record is 
obtained by attaching a dictaphone to the telephone. Mr. 
Tuttle pointed out that this has the disadvantage of the 
operator having to change records sometimes in the middle of 
a conversation. 


New Haven Regional Meetmg a Marked 
Success 


The fifth Regional Meeting of the Northeastern District of 
the Institute which was held May 9-12 with headquarters at the 
Hotel Taft, New Haven, Conn., was a marked success. Over 
500 members and guests attended, and a large proportion of these 
were present at each technical session, inspection trip, and enter- 
tainment event. 

The program included 18 papers as described in a summary 
of the sessions given in later paragraphs of this report. 

There were, too, several very instructive inspection trips 
including those to the new electric motive-power equipment of 
the New York, New Haven & Hartford Railroad at New Haven, 
mercury arc rectifier substations of the Connecticut Company at 
Bridgeport, frequency-converter substations of the Connecticut 
Company at New Haven, and the Connecticut Light and Power 
Company at Devon, a mercury boiler and turbine installation 
of the Hartford Electric Light Company, the Hartford Hump 
Yard of the New Haven Railroad and the Rocky River Hydro- 
electric Development of the Connecticut Light and Power Com- 
pany at New Milford. | 

A Student Branch Conference and Student Technical Session 
were noteworthy features of the meeting. A more complete 
report of these will be found in the Student-Activities department 
of this JOURNAL. 

An informal reception, with cards and dancing, a Convention 
dinner, and a theater party were the outstanding entertainment 
events in addition to numerous drives and teas scheduled 
specially for the ladies in attendance. The golf tournament was 
another popular feature. 

At the Convention dinner held on the evening of May 10, 
H. M. Hobart, vice-president of the Northeastern District as 
official toastmaster, introduced Dean Charles H. Warren of the 
Sheffield Scientific School, who spoke on the origin and develop- 
ment of the engineering college at Yale. R. F. Schuchardt, 
presidential nominee of the Institute, then made a short address 
and, in turn, introduced Professor C. F. Seott of Yale University, 
who conferred the three Regional Prizes for papers presented dur- 
ing 1927 in the Northeastern District. A full account of these 
prize awards is published elsewhere in this JOURNAL. 

Professor Riehard S. Lull of the Peabody Museum was the 
last speaker of the evening. He gave an illustrated lecture on 
the history and romance of sailing ships. 

The theater party on the evening of May 11 was at the Uni- 
versity Theater, where the Department of Drama of the School 
of Fine Arts, Yale University, presented a discussion and a 
demonstration of stage lighting followed by two one-act plays, 
writted and aeted by students of the Department. 

Dicest oF TECHNICAL SESSIONS 

The following is a summarized report of the discussion of the 
technical discussions. The complete discussion will be published 
with the corresponding papers in the Transactions. 


SyMPOSIUM ON SuRGE MEASUREMENTS AND PROTECTIVE DEVICES 


1. Application of Relays for Protection of Power System Inter- 
connections, L. N. Crichton and H. C. Graves. 

2. Application of Wound-Type Current Transformers to High- 
Voltage Circuit Breakers, J. C. Rea. 

3. Relation Between Transmission-Line and Transformer 
Insulation, W. W. Lewis. 
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4. Rationalization of  Transmission—System Insulation 
Strength, Philip Sporn. 

5. Hall High-Speed Recorder, C. I. Hall. 

6. Pages from the Hall High-Speed Recorder, E. M. Tingley. 

7. Oscillograph Recording of Transmission-Line Disturbances, 
J. W. Legg. 

8. High-Speed Graphic Voltmeter, A. F. Hamdi and H. D. 


Braley. 


In diseussing the first paper, O. C. Traver stated that one 
of the objections to the impedance relay scheme is its cost. He 
mentioned that the carrier-current system of protection is being 
tried out on the system of the Ohio Power Company with success 
partieularly as regards to the short time required for operation. 
He stated that he believed that for differential protection a bush- 
ing type of transformer is as satisfactory as any other type. He 
pointed out that balanced current protection is distinctly faster 
than the impedance relay though the impedance relay has the 
advantage that after the first of two lines has been tripped 
out the other line is still protected. He agreed that the poly- 
phase directional relay is quite satisfactory. He pointed out one 
particular scheme described in the paper in which three relays 
are used on a single line involving sixteen elements and seven 
auxiliary switches. He thought that this was a special case and 
that such complications are not usually desirable nor required. 
Mr. Crichton explained that the difficulty with bushing trans- 
formers of low ratio is that when several of them are in parallel 
and one of the lines is dead, the current from the other trans- 
formers will leak through the transformer om the dead line. 
This trouble has been prevented by placing auxiliary switches on 
the circuit breakers to cut out the dead transformer whenever 
the breaker opens, but this causes a bad spot in the wiring which 
has resulted in false operation of relays in some cases. He said 
that although the balanced relay is faster than the impedance 
relay, the difference in time is small compared to the time re- 
quired for the circuit breakers to open. He agreed that the 
complicated scheme referred to by Mr. Traver is an unusual 
case and that such complication is not desirable. 


In discussing the papers by Messrs. Lewis and Sporn, it was 
pointed out by V. M. Montsinger, W. L. Lloyd, Jr., and F. W. 
Peek, Jr., that the impulse ratio of transformer insulation is 
practically the same as that of disk insulators and that therefore 
the number of line insulators could be employed to determine the 
amount of transformer insulation using the 60-cycle test on both 
transformer insulation and insulators. This would obviate the 
necessity of trying to determine the impulse flashover value of 
transformer insulation. C. L. Fortescue drew attention to the 
fact that tests indicated that any surge due to lightning which 
goes slightly over the 60-cycle flashover value of the insulator 
string will cause a flashover. The quicker the flashover the less 
will be the severity of the surge impressed on connected appara- 
tus, and for this reason, the arcing ring will decrease the severity 
of the effects of surges on connected apparatus because it flashes 
over more quickly under impulse voltages. J. F. Peters agreed 
that it is desirable to coordinate the insulation in a system but 
objected to Mr. Sporn’s system of grading because he believes 
that the strongest link in the chain would be so heavily insulated 
that it would be too expensive. He suggested as a practical 
solution the establishment of one point in the chain which should 
be the weakest, witha sufficient margin between that point and the 
others to assure protection. That link, he said, should be either 
the line insulation adjacent to the station or a relief gap. He 
asked if ground wires will give the same ratio protection against 
direct lightning strokes as they do against induced strokes. In 
answering this question Mr. Peek said that he believed that 
proper ground wires will make a line almost lightning-proof 
against direct strokes as well as induced strokes. K. K. Palueff 
agreed that it is well to try to express the strength of all appara- 
tus on a 60-cycle basis, but that we should not feel that when 
transformers can stand the 60-cycle test they will stand the same 
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impulse test as line insulators because the string of insulators is 
practically a condenser while the transformer is a combination 
of condenser and inductor and is subject to concentration of 
voltage in its different parts. J. F. Peters stated that in practise 
such concentration of voltage is not to be feared because all high- 
voltage transformers have a relatively high-capacity bushing 
which prevents an abrupt voltage being applied to the trans- 
former. W. W. Lewis disagreed strongly with Mr. Peters con- 
tention stating that the transformer effect of the bushing is too 
small to do much good especially as the voltage wave which 
results from a flashover of line insulation is usually a very long 
wave. 

Philip Sporn disagreed with the suggestions that transformer 
insulation should be gaged by the number of insulators. He 
eontended that it is a step forward to actually determine the 
impulse strength of the various pieces of equipment. He dis- 
agreed with the contention that conditions at the present are 
good and that transformers are standing up well. He objected 
to Mr. Peters agreement that the highest link of the graded 
insulation would be so high as to be impractical or too expensive, 
stating that on one extensive system his company has been 
buying transformers considerably over-insulated (tested at three 
times normal voltage) and that this is believed to be a paying 
proposition. 

M.A. Rusher inquired of Mr. Legg if the twin vibrator element 
described in his paper has more than one air gap and whether 
or not it has the same sensitivity and same natural frequency as 
the standard oscillograph: He asked also if the placing of fifteen 
records on one film prevents the distinguishing of one record from 
another. He mentioned that for a number of years he has used 
an oscillographic wattmeter which gives average power which is 
very easily read. In answering the first question Mr. Legg 
explained that the twin vibrator has an air gap over twice as 
large as the usual gap, but that the sensitivity is still twice that 
of the standard oscillograph. He explained that fifteen records 
could not always be made on one film but that if the driving 
speed of the film is great then the fifteen records can be very 
easily read. He pointed out that the fifteen records are in 
exact time-phase relationship. He said that in most cases the 
instantaneous wattmeter is preferable to the average-value 
wattmeter and that it occupies about the same space in the 
instrument. 


SECOND SESSION—MISCELLANEOUS PAPERS 


1. Selection of Railway Motor Equipment by Principles of 
Similar S peed-Time Curves, B. A. Widell. 

2. Shunting of Track Circuit in Polyphase Continuous Induc- 
tive Train Control, C. F. Estwick. 

3. The Diverter-Pole Generator, E. D. Smith, Jr. 

4. Electric Conduction in Hard Rubber, Pyrex, Glass, Fused 
and Crystalline Quartz, H. H. Race. 

The discussion in this session centered on the paper by Pro- 
fessor Race. F. W. Grover stated that the specially interesting 
feature of this paper is that a supposedly homogeneous substance 
like fused quartz should show the effect of the absorbed charge. 
This effect has been observed for stratified dielectrics and some 
of the early investigators have claimed that homogeneous 
substances do not show the effect. A.S. Dana asked if the hard 
rubber investigated showed the same phenomenon as the fused 
quartz, namely, the reversal during the short period. In answer- 
ing the last question Professor Race stated that his measurements 
were made after an interval of one minute and that only when 
in fused quartz something peculiar was noted during the first 
minute the apparatus was changed to make measurements during 
that earlier time; in the hard rubber no such effects appeared 
and, therefore, no measurements were made during the first 
minute. ) 

RAILROAD AND RAILWAY POWER 

1. Interconnection of Power and Railway Traction System by 

Means of Frequency Changers, L. Encke. 


INSTITUTE AND RELATED ACTIVITIES 


461 


2. Application of Large Frequency Changers to Power Systems, 
E. J. Burnham. 

3. Electrification on Illinois 
Schuchardt and W. M. Vandersluis. 

4. Mercury Arc Rectifier Substations, G. E. Wood. 

5. Effect of Street Railway Mercury Arc Rectifiers on Com- 
munication Circuits, C. J. Daly. 

In discussing the first two papers, H. F. Brown explained 
why it had been thought desirable to connect one 25-cycle system 
to another 25-cycle system through a flexible variable-ratio 
frequency changer set. He enumerated five advantages which 
are: (1) The value of power interconnection, (2) The fact that a 
railroad load has a very ragged peak characteristic and this type 
of set eliminates the peaks from the smaller station, (3) A single- 
phase railroad load produces an underbalance between phases of 
a three-phase system and delivery of the load through this type 
of set eliminates the unbalance, (4) Such a load also has a poor 
power factor and by the use of such a set the power factor of a 
smaller system is not affected and the power factor of both 
systems may be improved, (5) The ability of the set to operate 
through heavy and frequent system disturbances. 

O. E. Shirley pointed out that the choice of the type of regula- 
ting machine must be determined by the requirements of each 
particular ease. P. W. Robinson stated that the efficiency of the 
Devon set at full load ranges from 90.08 to 89.22 per cent at 
operating conditions varying from no speed regulation to maxi- 
mum regulation. He drew attention to the fact that the ordinary 
systems of exciting the regulating machine do not provide a 
means for building up and stablizing the voltage on the induction 
unit to supply power to a dead system but that special schemes 
for excitation may be provided to accomplish such results. 
A. G. Oehler asked if this type of set has equal ability to cushion 
shocks occurring on either end of the load. 


E. J. Burnham answered this question in the affirmative. 
L. Encke pointed out that the efficiences in the paper are 
specified efficiencies and that the test efficiences are much 
higher—those at Station A being about the same as those at 
Devon. 


In commenting on the paper by Schuchardt and Vandersluis, 
E. R. Hill stated that one of the most unusual features of the 
power contract is that specifying the supply of converted current 
&t the seven substations located along the railroad. Another 
item to which he ealled attention as absolutely essential for 
railway electrification is that the power company must supply 
excess demands in railroad emergencies without affecting the 
demand charge. He mentioned another interesting contract 
consummated last year between the Pennsylvania Railroad and 
the Philadelphia Electric Company in which the outstanding 
feature is that the charges are based on actual cost to the power 
company of producing, transmitting and converting power. 
Some of the other main features of the contract pointed out by 
him are: (1) Demand determined monthly based on three 
maximum normal clock hours per month, (2) Demand may not 
be less than 75 per cent of any previous maximum demand, 
(3) Guaranteed monthly load factor is 30 per cent, (4) Guar- 
anteed power factor is 55 per cent, (5) If lower rates are subse- 
quently made to other consumers under similar conditions of 
supply, the railroad shall be entitled to the same rates. 

At average montly load factor of 55.5 per cent, a coal cost of 
$5.00 per net ton, present labor rates and guaranteed maximum 
demand and energy costs, the average cost of energy to the 
railroad at the supply point or points under this contract works 
out 0.75 cents per kw-hr. 


Sidney Withington pointed out that the question of power 
supply for railroad electrification is one not only of economy, 
but also of reliability and that it often happens that a compromise 
between these two is necessary. He explained that it may be 
more economical to develop a single central supply of power but 
that such a supply may necessitate installing transmission 
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facilities close to the tracks with consequent danger of interrup- 
tion by derailment. As an alternative to a single supply there 
may be a central feed with supply points of relatively less capacity 
near each end of the electrified zone. Such an arrangement, 
while more expensive, is more reliable. A third possibility is a 
transmission network not adjacent to the right of way. Sucha 
system may be fed from two or more independent power plants 
or interconnected with other systems. If conditions are favor- 
able such an arrangement is from many points of view quite 
ideal for it allows advantage to be taken of the maximum railroad 
load factor with consequent minimum eost and with maximum 
reliability. The purchase of power by a railroad for traction 
purposes he said, other things being equal, should be more satis- 
factory than the operation by the railroad of its own plant. Such 
purchase eliminates the relatively large capital necessary for its 
own plant instalation. It is necessary he said that power com- 
panies consider all aspects of the question, such as diversity of 
load compared with other customers, volume of business, ete. 
It is logical to expect he said that the production of power by 
organizations specializing in such production would be more 
economical than production by the railroad itself providing that 
higher power plant efficiencies are not obtained at too high 
investment charges. It should be borne in mind also he pointed 
out that railroads can often purchase coal more advantageously 
than power companies and that railroads do not pay as high 
interest on capital as power companies. He emphasized that 
the power companies should be prepared to carry abnormal 
emergency loads without penalizing the road. G. I. Wright 
pointed out another advantage of electrification, namely, the 
possibility of stimulating off-peak business for the railroads. On 
communication lines, during the railroad rush hours, the revenue 
per passenger is less than during off-peak periods. After electri- 
fication improvement can be made in this condition by operating 
shorter trains and at more frequent intervals than would be 
possible with steam operation. H. C. Sutton pointed out a 
factor which should be very interesting to the power companies, 
namely, that with the extension of electrification to trunk-line 
railroads the power factor will be greatly improved possibly going 
to 65 per cent instead of 26 to 30 per cent which prevails for sub- 
urban service. He pointed out that railroads should benefit by 
purchasing power on account of the fact that power plants be- 
come relatively uneconomical within a ten year period. Power 
companies on account of their continued expansion are contin- 
ually building better power plants with resulting higher efficiency 
and the railroads should benefit by readjustments in cost of power 
which they would not do if they owned their own plants. O. K. 
Marti asked if it would be feasible to use a higher voltage on the 
trolley line, pointing out the increased efficiency which would 
result from 1500 to 3000 volts especially when mercury are 
rectifiers are emploved. He asked also if a higher voltage drop 
ean be allowed on the trolley wires as this would be more econom- 
ical. P. H. Hatch suggested that consideration be given to 
independently propelled locomotives such as Diesel-electric 
and straight Diesel engines. He asked if there is any movement 
towards standardizing the alternating current supply for railroads 
at either 25 eyeles or 60 cycles. 

In discussing Mr. Daley's paper P. W. Blye stated that the 
most interference with communication circuits is to be expected 
from individual stub-end feeders and that the most serious 
effects have been noticed in the case of interoffice trunk circuits, 
party-line subscribers circuits and private-branch exchange 
svstems. He indicated that tuned filters have been effective in 
suppressing interference in the ratio of about ten to one. R.G. 
MeCurdy and J. W. Millnor brought out that interference was 
to be expected from the alternating-eurrent feeders as well as 
the direet-eurrent and C. I. Hall contended that the interference 
from alternating-current feeders would be even more than that 
from the direct-current feeders. O. K. Marti pointed out that 
if part of the load is supplied from rotating machinery, inter- 
ference will not be as great as if the entire load is supplied by 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


rectifiers. In case of harmonics on the a-e. circuits he thought 
that these can be absorbed by transformers. 


Power DEVELOPMENTS 


1. The Mercury Boiler and Turbine, L. A. Sheldon. 

2. The Rocky River Development of the Connecticut Light and 
Power Co., E. J. Amberg. 

In discussing the second paper in this session J. B. Justin 
stated that in Europe 35 or 40 plants have been built along lines 
similar to the Rocky River Development. He said that he 
believed there will be a good many more such plants in America 
because there is an economic application for plants of this kind. 
In answering a question of P. M. Lincoln, E. J. Amberg stated 
that the figures for run-off include the net run-off after evapora- 
tion has been subtracted. He pointed out another advantage of 
the Rocky River scheme, namely, that the plant is instantly 
available in case of a break down of another unit on the system. 
To have this emergency feature in a steam plant it is necessary 
to keep additional boilers fired and even then the emergency 
turbine cannot be put on the system as quickly as ean the hydro- 
electric unit. 


A. I. E. E. Directors?" Meeting 


The regular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at Institute head- 
quarters, New York, on Friday, May 18, 1928. 

There were present: President Bancroft Gherardi, New York, 
N. Y. Vice-Presidents G. L. Knight, Brooklyn, N. Y., J. L. 
Beaver, Bethlehem, Pa.; A. B. Cooper, Toronto, Ont.; Managers 
H. A. Kidder, New York, N. Y.; F. C. Hanker, East Pittsburgh, 
Pa.; E. B. Meyer, Newark, N. J.; National Secretary F. L. 
N. Y. Hutchinson, New York. 

The minutes of the Directors’ meeting of April 6, 1928, were 
approved. 

Approval was given to the report of the meeting of the Board of 
Examiners held May 16; and upon the recommendation of the 
Board of Examiners the following actions were taken: 164 
Students were enrolled; 131 applicants were elected to the grade 
of Associate; 11 applicants were elected to the grade of Member; 
two applicants were transferred to the grade of Member; one 
applicant was transferred to the grade of Fellow. 

The Board ratified approval by the Finance Committee for 
payment, of monthly bills amounting to $32,577.03. 

The Secretary reported 1594 members in arrears for dues for 
the fiscal vear ending April 30, 1928 (nine Fellows, 114 Members, 
1471 Associates), and was directed to remove the names of these 
members from the mailing list and place them upon a “‘sus- 
pended” list, and to employ the usual methods of collecting the 
dues and restoring the members to the active membership list. 

Upon application and in accordance with Section 22 of the 
constitution, the following members were made “Members for 
Life” by exemption from future payment of dues: Messrs. 
R. N. Baylis, F. Bourne, E. Caldwell, C. L. Cory, A. H. Cowles, 
O. G. Dodge, W. G. Ely, C. M. Goddard, W. E. Goldsborough, 
E. M. Hewlett, H. Howson, R. M. Hunter, H. Lemp, H. V. A. 
Parsell, F. A. Pattison, M. I. Pupin, J. Sachs, A. J. Wurts. j 

Upon the recommendations of the Sections Committee and the 
Committee on Student Branches, authorization was given for 
the organization of an Institute Section at Dallas, Texas, and a 
Student Branch at the University of Detroit. 

The annual report of the Board of Directors to the membership, 
as prepared under the direction of the National Secretary, was 
considered and approved for presentation at the Annual Meeting 
of the Institute, on June 26. 

The annual reports of the general standing committees of the 
Institute (exclusive of the reports of the technical committees, 
which will be presented at the Annual Summer Convention in 
June) were presented and ordered filed for future reference. 
Abstracts of these reports were incorporated in the Board of 
Directors’ annual report. 


June 1928 


In accordance with Section 37 of the constitution, the appoint- 
ment of a National Secretary for the administrative year beginning 
August 1, 1928, was considered, and National Secretary F. L. 
Hutchinson was reappointed. 

Upon the recommendation of the Standards Committee, 
Standards for Measurement of Test Voltages in Dielectric Tests 
(No. 4) were approved as A. I. E. E. Standard; and it was voted 
to request the discharge by the American Engineering Standards 
Committee of the Sectional Committee for Standards on Electrical 
Installations on Shipboard. The recommendation of the 
Standards Committee was also adopted to appoint Dr. A. E. 
Kennelly to represent the Institute at a proposed American 
conference on Electrical Units. 

Upon the recommendation of the Committee on Safety Codes, 
the Board adopted a resolution approving the Standard Rules for 
the application of the Prone Pressure Method of Resuscitation, 
which have been prepared for universal adoption in this country 
under the auspices of the United States Public Health Service, 
and which have been approved by various organizations. The 
Safety Codes Committee was authorized to keep in contact with 
the plans of the National Safety Council in connection with the 
Annual Safety Congress to be held in New York City next 
October, and the Secretary was authorized to arrange for publi- 
eation in the JoURNAL, of announcements of the Congress and 
information regarding its program. 

An invitation to the Institute to participate in the Tenth 
Annual Meeting of the Army Ordnance Association, at Aberdeen 
Proving Ground, October 4, 1928, was accepted, and the Secre- 
tary was authorized to publish information concerning the 
meeting in the Journal. 

An inseribed photograph of Sir Oliver Lodge, presented to the 
Institute by Sir Oliver through President Gherardi as a memorial 
to the joint transatlantie meeting of the British Institution of 
Electrical Engineers and the A. I. E. E., last February, was ac- 
cepted by the Board and a resolution of appreciation was 
adopted. 

Other matters of importance were discussed, reference to which 
may be found in this and future issues of the JoURNAL. 


Second National Fuels Meeting 


The Seeond National Fuels Meeting, under the auspiees of 
the Fuels Division of The American Society of Mechanical 
Engineers, will be held in Cleveland Sept. 17-20, 1928. 

For years, central station engineers have realized the impor- 
tance of fuel problems, studying them individually and collec- 
tively. <A very interesting and instructive technical program is 
being prepared to cover a wide variety of subjects, suchas solid, 
liquid, and gaseous fuels in all fields. A dinner, buffet luncheon. 
and smoker and other forms of entertainment, as well as a number 
of plant inspection trips, are being planned. Complete pro- 
gram will be available later. 


Lincoln Arc Welding Contest Prizes 
Awarded at Spring Meeting 
of A. S. M. E. 


Before formal award was made Mr. J. C. Lineoln briefly 
outlined the purpose of this contest. 

Seventeen thousand five hundred dollars, donated by The 
Lineoln Electric Company, Cleveland, Ohio, has been distributed 
inthe Lincoln Are Welding contest as follows: 

James W. Owens, director of welding for the Newport News 
Shipbuilding and Drydock Company at Newport News, Va., 
won the first prize of $10,000 awarded in the are welding con- 
test. Mr. Owens a Fellow of the Institute, is a past Vice 
President of the American Welding Society. He is also author 
of the text book “Fundamentals of Welding." 

Five thousand dollars, the award for the second best paper 
submitted was won by Henri Dustin, Professor in the Engi- 


INSTITUTE AND RELATED ACTIVITIES 


463 


neering School of the University of Brussels, Belgium and 
Director of the Laboratory for Material Testing. Third place 
award $2500 was given to Commander H. E. Rossell, Construe- 
tion Corps, United States Navy, instruetor of mathematies at 
the U. S. Naval Academy at Annapolis. Honorable mention 
was given to the papers submitted by Frank B. Walker, Win- 
throp, Mass. and B. K. Smith, President of the Big Three 
Welding and Equipment Company, Houston, Texas. 


Edison Receives Medal From Society of 
Arts and Sciences 


The Society of Arts and Sciences announces the award of its 
Gold Medal for Science to Thomas Alva Edison for distinctive 
achievement in science, the presentation ceremonies to take 
place at the Hotel Astor, on the evening of May 24. Dr. John 
C. Merriam, president of the Carnegie Institution of Washington 
and Dr. Elihu Thomson, direetor of the Thomson Laboratories 
of the General Electrie Co., will be the principal speakers. - 


Lamme Foundation Award Established 


At Ohio State University this spring & gold medal will be 
awarded for the first time by the Lamme Foundation, estab- 
lished by Benjamin Garver Lamme, an alumnus of the elass of 
'aa. The medal, which contains $100 worth of gold, is to be 
awarded every five years to a graduate in any branch of engineer- 
ing at Ohio State. 

On one side of the medal appears a male figure representing 
electric power in the act of reaching to the clouds for electrical 
energy with one arm and with the other supplying this energy 
to the world; on the other side is reproduced a bas-relief of 
Mr. Lamme, with the dates 1864 to 1924 and the quotation for 
which Mr. Lamme became noted: ‘‘The engineer views hopefully 
the hitherto unattainable.” 

Mr. Lamme, himself, received, the Edison medal and the Sulli- 
vant medal awarded five years ago for the first time at Ohio 
State University. 


The American Museum of Safety 


Medal Awards 


Arthur Williams, vice-president of the New York Edison Com- 
pany announced, as president of the American Museum of Safety, 
that the Anthony N. Brady Memorial Medals would be awarded 
to electric street railways for safety and sanitation work for the 
year ended December 31, 1927 and that definite decision on 
conditions eovering the contest for 1927 would be reached at 
an early date, probably early in June. The awards will be made 
jointly by the American Railway Association and the American : 
Museum of Safety. The winners for 1926, to which medals 
were presented at ceremonies in New York City last 
January, were the Louisville (Kentucky) Railway Company, 
The El Paso (Texas) Electric Company and The Tide Water 
Power Company of Wilmington, North Carolina, with the 
Pittsburgh Railways Company receiving honorable mention. 
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ENDOWMENT COMMITTEE SEEKS INCREASED FUNDS 


Engineering Foundation, organized 13 years ago through the 
generous initial gift of Ambrose Swasey of Cleveland and sus- 
tained and expanded by the subsequent gifts of Henry R. Towne, 
Edward Dean Adams and others through its Endowment 
Committee has announced its intention of securing a fund of 
five million dollars to expand its program better to meet the 
needs of industry. In its work, Engineering Foundation has 
not been unmindful of the human element in modern engineer- 
ing, aiding to establish the Personnel Research Federation, 
assisting the endeavors of the Society for the Promotion of Engi- 
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neering Education and the engineering profession and industry 
in general. Members of the Committee are Col. Edward A. 
Simmons, chairman, Hon. Herbert Hoover, R. V. Wright, 
E. B. Craft, L. B. Stillwell, C. F. Loweth, H. deB. Parsons, 
R. J. Reed, Thos. B. Stearns, J. V. N. Dorr, T. Robins, J. W. 
Lieb, W. Meredith, H. A. Lardner, E. W. Rice, Jr., Calvert 
Townley, E. G. Acheson, J. H. Hammond, H. H. Porter, W. L. 
Saunders, E. A. Sperry and Alfred D. Flinn. 
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1 
American Engineering Standards Committee | 
O—————ÉÓÉÓMC PRIME, 


WILLIAM J. SERRILL TO HEAD INDUSTRIAL STANDARD- 
IZATION MOVEMENT. 

Announcement is made of the election of W. J. Serrill, assistant 
general manager of the United Gas Improvement Company of 
Philadelphia to succeed C. E. Skinner as chairman of the Stand- 
ards Committee. Mr. Skinner has served the committee for 
the past three years, during which time the national standardiza- 
tion work has doubled in volume. The executive committee to 
serve under Mr. Serrill is a large one of broad representation, 
including the American Institute of Architects, the U. S. Depart- 
ment of Commerce, the American Railway Association, the 
American Mining Congress, the Panama Canal, U. S. Depart- 
ments of the Interior, Agriculture, Labor, War, the Navy 
Department, the American Society for Testing Materials, a 
Telephone Group, Fire Protection group, Safety group, Society 
of Automotive Engineers, several industrial interests, The Ameri- 
ean Institution of Mechanical Engineers and the four 
National Engineering Societies, Civil, Mechanical, Mining, and 
Electrical Engineers Societies. 


A. T. and T. and Western Electric Arrange 
for Talking Motion Pictures 


Contracts have been entered into by Paramount, Metro- 
Goldwyn and United Artists motion picture producers for the 
use of the Western Electric System for talking pictures. Simul- 
taneously the Electrical Research Products, Inc., entered a 
contract which grants the motion picture companies licenses 
under the patents of the American Telephone & Telegraph Co. 
and Western Electric Company for talking motion pictures. 

Years of experiment lie back of the talking pictures. In 
the last analysis, they are a by-product of the telephone, for it 
was through the continued study of Bell Laboratories experts 
of the ways in which speech is produced that they were ultimately 
developed. Successive steps in this development were the per- 
fection of the public address system for amplifying and dis- 
tributing sound; the development of electrical methods of 
recording sound on phonograph records as now successfully 
employed by the Victor and Columbia phonograph companies; 
and the recording and reproduction of sound in conjunction with 
motion picture film, now in use for more than a year in movietone 
and vitaphone productions. 

It is understood that more than 300 theaters are equipped now 
for the showing of vitaphone and movietone, while orders for 
300 additional theaters have recently been placed and eall for 
installation within the next three or four months. With the 
impetus which the signing of the new contracts will bring, it is 
conservatively estimated that by the end of 1928 at least 1000 
theaters will be so equipped. 


Louvain Carillion ‘*‘Christened’’ 


On the 18th May the memorial carillon of forty-eight bells, 
the gift of American Engineers to the Louvain Library, was 
plaved for the first time in the works of the makers, Gillett & 
Johnston, Croydon, England. Day and night the work has 
been pushed to have the bells ready for dedication in the library 
tower on the 4th of July. 
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For a working test and ‘‘christening’’, the carillon has been set 
up in the shops. Mr. Josef Denyn, the world-famous carilloneur 
of Malines, Belgium, who will play the carillon at the dedication 
of the library, was invited to Croydon to participate in the tests. 
On the 18th the bells were played for the first time by Mr. 
Denyn in the presence of the King and Queen of the Belgians, 
the Ambassadors to England from Belgium and the United 
States, the American Society in London, the Anglo-Belgian 
Union, and other notable guests. 

Shipment to Belgium and installation in the Louvain Library 
Tower of the carillon and the memorial clock, with its dial rep- 
resented by 48 stars instead of the customary numerals, will 
begin at once. A large group of members and friends of the 
engineering societies of the United States will be in Louvain on 
July 4th to assist in the dedication of their memorial to the 
engineers of our country who gave their lives in the World War. 
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AMERICAN ENGINEERING COUNCIL 


ACTIONS OF ADMINISTRATIVE BOARD 

At its recent meeting in Milwaukee, the Administrative 
Board of the American Engineering Council, endorsed the 
creation of a commission of engineers as proposed in the Douglas 
Bill to investigate the physical problems connected with flood 
control and development of the Colorado River. The program 
contemplated by the Douglas Bill was approved “‘subject to the 
report of the aforesaid commission of present expenditures on 
the Colorado River confined only to flood protection." 

The report of the Council’s Committee on Street Signs, 
Signals, and Markings was adopted, and the executive secretary 
was authorized to proceed with publication. The personne! of 
the Committee was enlarged to comply with the regulations 
necessary to qualify as a Sectional Committee of the American 
Engineering Standards Committee. 

Arthur W. Berresford, president of the Council, reported to 
the Board the Council’s activity in the Mississippi flood legisla- 
tion, and presented the report of the Committee on Boulder 
Dam, (headed by Francis Lee Stuart of New York), which 
unanimously decided against the engineering feasibility of the 
proposal outlined in the Swing-Johnson Bill. 

President Berresford told also of the progress of the movement 
to transfer to the Department of the Interior the publie works 
functions of the Government. The Council has been energeti- 
cally supporting the publie works measure known as the Wyant 
Bill. Hearings on this Bill were held before a subcommittee of 
the Committee on Expenditures in the Executive Departments 
of the House in April. Among those who appeared in behalf of 
the Council to urge the enactment of the measure into law were 
President Berresford, Gardner S. Williams, E. O. Griffenhagen, 
and Farley Osgood. 

‘Practically every Government Bureau and Department 
affected,’’ President Berresford stated, ‘‘is opposed to the passage 
of this legislation. the Engineer Corps bitterly fighting it, followed 
in almost the same degree, by the Bureau of Public Roads. Itis 
not expected that the Bill will be reported this session." 


The Council voted not to participate in the World Congress 
of Engineers on the ground that the Congress is beyond its scope. 
For the same reason the Council declined to take part in an effort 
to make the American Committee of the World Power Confer- 
ence a permanent organization. 


The Executive Committee endorsed the Browne Bill, introduced 
in the House, and providing for ‘‘the conduct of scientific inves- 
tigations by the Forest Service to discover economically practical 
methods of the disposal of the waste materials of pulp and paper 
mills without polluting streams.” 


The Executive Committee reaffirmed its oppositon to the 
Senate Bill providing for the extension of the time limitations 
under which patents were issued in the ease of persons who 
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served in the military or naval forces of the United States during 
the World War. | 

The Administrative Board approved the reports of the presi- 
dent, the executive secretary, and the treasurer of the Council. 

The president's Committee on Constitution, By-Laws and 
Activities of the American Engineering Council submitted several 
proposed changes to the constitution, by-laws, and standing rules 
which are to be presented to the Assembly of the Council. 

Resignation from the Administrative Board of E. S. Lanphier 
of New Oreleans, representative of the Louisiana Engineering 
Society, was announced. A.A. Krieger automatically becomes a 
member of the Board. 


Newton’s Principia 

Through the generosity of Dr. Edward Dean Adams, the 
Engineering Societies Library has acquired recently a copy of the 
first edition of Newton’s ‘“‘Principia.”” The volume, a large 
quarto in a contemporary English calf binding, is in unusually 
fine condition. 

First editions of this famous book are exceedingly rare. Only 
a small number of copies was printed and because of the impor- 
tance of the work, these were rapidly distributed. In 1691, four 
years after publication, a copy could scarcely be procured. 

The ‘‘Philosophiae Naturalis Principia Mathematica” was 
published in London in 1687. The Royal Society published it, 
but as the Society was financially embarrassed at the time, the 
expense of publication was actually borne by the astronomer, 
Edmund Halley, who had first brought it to the attention of the 
Society. It fell to the fate of Samuel Pepys, then president of 
the Royal Society, to give it the ‘‘Imprimature.” 

The *'Prineipia" is probably the most important book on 
exact science ever written, and certainly is one of the most 
consistently original. It formulated the fundamental laws of 
mechanics for the first time, and the mathematical ideas required 
in the arguments were invented by its author. It explained 
phenomena which had never before been explained satisfactorily, 
and initiated problems that still occupy the minds of our best 
thinkers. 

The Library has also an edition of the ‘‘Principia’’ published 
at Glasgow in 1822. This is a reissue of the so-called ''Jesuits' 
edition” and is valued for the copious commentary and notes. 

Of Newton's works, only one eomplete edition has appeared, 
published in 1779-1785 in five volumes. A copy of this is in the 
Library also. 


Summer School for Engineering Teachers 


The Society for the Promotion of Engineering Education has 
completed plans for the two sessions of the summer school for 
engineering teachers to be held during 1928, summarized as 
follows: One session for physies and the other electrical engi- 
neering: 

The electrical engineering session, to be held at Pittsburgh 
under the joint auspices of the University of Pittsburgh and the 
Westinghouse Eleetrie and Manufaeturing Company, will open 
on Thursday, July 5, and close on Wednesday, July 25; physics, 
at the Massachusetts Institute of Technology in Cambridge, 
to open Monday, July 9, and close on Saturday, July 28. 

A complete program of the electrical engineering session will 
be found in the April issue of the Journal of Engineering Educa- 
tion. About two-thirds of the meetings will be devoted to 
methods of teaching and will be held at the University of Pitts- 
burgh. Among the topies to be considered are: the learning 
process; the teaching process; the fundamentals of electrical 
engineering study and methods of teaching them; the analysis 
of various teaching processes; laboratory work; the history of 
electrical science and of electrical units; the methods of teaching 
various divisions of electrical engineering; application courses; 
communication courses; courses for students other than electrical 
engineers, etc. 
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The program is being arranged in cooperation with the Ameri- 
ean Physical Society, through an advisory committee consisting 
of W. L. Severinghaus, Columbia University, chairman; A. W. 
Duff, Worcester Polytechnic Institute; O. M. Stewart, Univer- 
sity of Missouri; P. I. Wold, Union College; and John Zeleny, 
Yale University. 

Tuition charges will be limited to a registration fee of $10, and . 
applieations for admission should be addressed to H. P. Hammond, 
Associate Director of Investigation, S. P. E. E., 33 West 39th 
Street, New York, N. Y. 


Society of American Military Engineers 
Extends Welcome 


The Society of American Military Engineers invites members 
of the Institute who may be in Washington at any time to make 
use of its national headquarters and to attend meetings of the 
Society. 


t 
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THEODORE BERAN, commercial vice-president of the General 
Electric, in charge of the New York District, has retired, effective 
May 1. Until his election as vice-president in 1926, Mr. Beran 
had been manager of the district since 1903. 


E. A. Sperry, chairman of the Board of Directors of the 
Sperry Gyroscope Co., Brooklyn, N. Y., has been chosen as 
presidential candidate by The American Society of Mechanical 
Engineers. 

O. R. BariLLv, has made a change from the Testing Depart- 
ment of the General Electric Company at Schenectady and 
Pittsfield Works to foreign work in South American properties of 
the Electric Bond & Share Company. 


. ELMER A. SMrTH was recently signally honored by the Acade- 
mies of Var and Nevers, France, the University of Durham, 
England and the Royal Society of Rumania in recognition of 
distinguished service rendered to electrical engineering and 
physies. 

C. W. SroNE, manager of the General Eleetrie Central Station 
Department, has been appointed to the position of consulting 
engineer, and M. O. Troy now becomes manager of the Central 
Station Department as announced by Gerard Swope president of 
that company. 


LoYALL A. OSBORNE, president of the Westinghouse Electric 
International Company, was reelected chairman of the National 
Industrial Conference Board at its twelfth annual meeting held 
May 18 at the Hotel Astor. In this work he will be closely 
associated with Magnus W. Alexander, president of the Board. 


C. P. Porrer, engineer in charge of the Large Motor and 
Transformer Divisions of the Wagner Electric Corporation, 
St. Louis, Mo., has been elected chairman of the St. Louis 
Section of the A. I. E. E., in recognition of his activity in the 
organization for many years. He has already served on many 
of its committees and last year was vice-chairman of the section. 


Joun Mourpny has been made president of the Ottawa Rotary 
Club, of which he was always, a very popular member. Mr. 
Murphy who has been & member of the Institute since 1900 
and & Fellow since 1913, is past president of Ottawa branch of 
the Engineering Institute and an officer of most of the Canadian 
and American electrical commissions and associations. 


A. L. JoNES, assistant district manager for the General Electrie 
Co. in the Rocky Mountain region, has been appointed to suc- 
ceed the late Robert Miller, as district manager. General 
Offices for the Rocky Mountain District, which includes parts 
of nine states, are at Denver, with sub-offices at Butte, Mont. and 
Salt Lake City. This is the territory in which the General 
Electric Co. operates KOA. 
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L. A. Zima has joined the staff of the Rome Wire Company, 
Division of General Cable Corporation, as distriet engineer in 
the New York office. Mr. Zima was formerly eable engineer 
with Brooklyn Edison Company in charge of design and specifi- 
cation of cables for power stations, substations, and transmission 
and distribution systems. During hi$ connection with Brooklyn 
Edison, he spent three months in Europe, visiting cable manu- 
facturers and utilities in England and the continent, studying 
cables and cable systems. Mr. Zima is a member of the Under- 
ground System Committees of the Metropolitan and National 
Sections of N. E. L. A. and also of the Empire State Gas & 
Electric Association. He joined the Institute in 1915. 

Proressor Franz A. Kartak, head of the department of 
electrical engineering at Marquette University, has recently been 
appointed dean of the College of Engineering at that university, 
and will take office after the close of the present semester. 
Professor Kartak was graduated from the University of Wis- 
consin with the degree of B. S. in electrical engineering in 1909, 
and was awarded the degree of E. E. in 1911. After four years 
in the Department of Electrical Engineering of the University of 
Wisconsin as research assistant and instructor, he was in 1913 
appointed director of the newly created standards laboratory, 
but continued teaching courses in electrical testing, illumination, 
and photometry. In addition to his university work, he was a 
member of the engineering department of the Railroad Com- 
mission of Wisconsin, beginning in 1913, and in 1916 became 
a member of the Wisconsin state staff of engineers. He went to 
the School of Engineering of Milwaukee as professor of Electrical 
Engineering in 1919,and remained until 1921, when he accepted 
the position he now holds. Professor Kartak joined the Insti- 
tute in 1910, and was transferred to the grade of Member in 1920. 


Obituary 


Charles Sumner Winston, of 9 Paddington Road, Scarsdale, 
N. Y., died March 20. Mr. Winston was a native of Forreston, 
Illinois. He was graduated from the University of Chicago in 
1896 with the degree of A. B., and took work in electrical engi- 
neering at the University of Illinois during the college year 
1897-1898. In June 1898 he entered the employ of the Western 
Electric Company at Chicago, and for six months worked in the 
Switchboard and Installation Departments of the company. 
He was then transferred to the Engineering Department, where 
he remained for the balance of his stay with the company, or 
until 1901, when he accepted a position with the Engineering 
Department of the Kellogg Switchboard & Supply Company, 
Chicago. On January 1, 1904, Mr. Winston was placed in 
charge of the entire work of the department, and shortly thereafter 
became chief engineer. He came to New York and was chosen 
president of the Cornell Utilities Co., which was his position at 
the time of his death. Mr. Winston joined the Institute in 1906. 

John Joseph Murphy, president and engineer of the Electric 
Construction & Machinery Company, Rock Island, Illinois, 
passed away April 4. Mr. Murphy was born March 27, 1869 at 
Rock Island, and his education was acquired in an academic 
course at St. Joseph’s School, supplemented by such practical 
information as came to him through thirty years of business and 
the development of technical papers. In July 1896 he joined 
the Iowa Bell Telephone Company as groundman and lineman, 
remaining with it until January 1897. From 1898 to 1912 he 
was in charge of all construction work in the plant as well as 
outside work for the Peoples Power Company's Illinois territory, 
after which he served the Electrical Construction and Machinery 
Company for many years as construction engineer manifesting 
no small ability to accomplish. Mr. Murphy was a member of 
the American Military Engineers and in June 1917 was com- 
missioned an officer in the Engineers Corps. In all of his work, 
Mr. Murphy was considered a man of ability and execution. 
He became an Associate of the Institute in 1910 and was trans- 
ferred to the grade of Member in 1925. 
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Paul T. Brady, associated with the Westinghouse Electrie & 
Manufacturing Company for 34 years, died of sudden heart fail- 
ure at the age of 71 at the home of his son, Portland, Oregon, 
May 3. He was born in Cooperstown, N. Y., attended the 
Exeter Academy, teaching school himself for several years 
after his graduation. In 1881 he joined the American Telephone 
and Telegraph Company and was instrumental in extending the 
telephone system through the southeastern portion of New York 
State, at the same time organizing and building some of the first 
electric light plants in this district. In 1890 he joined the 
Thomson-Houston organization, which later became a part of 
the General Electric Company; here he was manager of that 
company's affairs in New York State and the Middle West. In 
1894 he became New York State manager for the Westinghouse 
Electric & Manufacturing Company with headquarters in 
Syracuse. In 1907 he was transferred to the New York office as 
the Company’s special representative which was his position 
at the time of his death. Mr. Brady was one of the pioneers of 
the electric light and power industry, combining technical 
electrical knowledge with financial ability and insight. He has 
left behind him as a monument more than a score of successful 
electrical systems which he brought into being. He joined the 
Institute in 1887 and for the past year has been a Member 
for Life. 


Kyojiro Yosugi, electrical engineer to the Yokohama Electric 
Wire Works of the Furukawa Electrie Co., Ltd., Nishi-Hiranuma 
Yokohama, Japan, died February 17, 1928. Mr. Yosugi was a 
graduate from the Electrical Engineering Department of the 
Tokio Imperial University in 1919, and immediately thereafter 
entered the Testing Department of the Yokohama Electric 
Wire Works, where he advanced to manager. In 1921 he became 
production manager of the Rubber Insulated Wire and Cable 
Shop of the same company, then manager of the Electrical De- 
partment and ultimately manager of the design department. Mr. 
Yosugi was eleeted to membership in the Institute in 1924. 


V. Frank Buddeke, assistant engineer of the Publie Service 
Company of Northern Illinois, Chieago, died Mareh 4, 1925. 
Mr. Buddeke was born in Cineinnati, April 23, 1901, and there 
attended grammar and high school, following it with four years at 
the University of Illinois, where he went through the Sehool of 
Engineering. For one summer vaeation, he worked with the Com- 
monwealth Edison Company in station construction work and 
was graduated June 1924. After graduation, he returned to 
this eompany, entering the Engineering Distribution Dept. 
Thence he entered the Distribution and Transmission Engineer- 
ing Dept. of the Publie Serviee Company of Northern Illinois 
where he remained until his death. Mr. Buddeke had been an 
Assoeiate of the Institute for one year. 


District Prizes Awarded 


Prizes for papers presented during 1927 have been awarded by 
five Geographical Districts of the Institute. The winners of 
the prizes with the titles of their papers are shown below. A 
certificate of award has been given to each winner and a cash 
prize of $25 was given for each paper, the cash prize being divided 
equally among the authors of papers written jointly by two or 
more persons. 


These awards were made by the respective prize committees 
of the Distriets aecording to the Institute's rules on prizes. 


DISTRICT NO. 1. 


Best Paper Prize and Initial Paper Prizes | H. S. Litehfield, 
for his paper The Most Economical Power Factor, presented at the 
Pittsfield Regional Meeting, May 25-25, 1927. 

Branch Paper Prize: G. H. Rockwood, for his paper 
Calculation of Stray Load Losses, presented at the Student Session 
of the Pittsfield Regional Meeting, May 25-28, 1927. 


June 1928 


DISTRICT NO. 2. 

Best Paper Prize and Initial Paper Prize: S. K. Waldorf, 
for his paper An Amplifier to Adapt the Oscillograph to Low- 
Current Investigations, presented at the Meeting of the Baltimore 
section, April 22, 1927. 

DISTRICT NO. 5. 

Branch Paper Prize: John A. Sargent, for his paper The 
Location of Faults on Parkway Cable, presented at the Student 
Session of the Chieago Regional Meeting, November 28, 1927. 

DISTRICT NO. 9. 

Best Paper Prize and Initial Paper Prizes Ray Rader, 
for his paper A Discussion of Short-Circuit Problems and the 
Application of the Testing Board 1n Their Solution, presented at 
the meeting of the Seattle Section, May 17, 1927. 
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Future Section Meetings 


Sharon 
Banquet Meeting. The Psychology of Laughter, by Charles 
Milton Neweomb. June 5. 
Vancouver 
Annual Meeting and Dinner. June 5 


SECTION MEETINGS 
Akron 


Transatlantic Telephony, by Dr. Dirk Sehregardus, Ohio Bell 
Telephone Co. Illustrated with slides and motion pictures. 
Dinner preceded the meeting. October 7. Attendance 25. 


Electric Welding, by H. G. Bissel, Westinghouse Eleetrie & Mfg. 
Co., and D. H. Deyoe, General Eleetrie Co. Illustrated. 
Preceded by dinner. November ll. Attendance 46. 


Load Dispatching in a Large Interconnected System, by T. J. 
Williams, Ohio Power Co. Preceded by dinner. December 
9. Attendance 34. 

Automatic and Supervisory Control of Railway Substations, by 
L. Bale, Cleveland Railway Co. Inspection trip. 
January 14. Attendance 45. 

Vertical Transportation, by L. A. Petersen, The Otis Elevator 
Co. Illustrated by slides. Preceded by a dinner. Feb- 
ruary 10. Attendance 23. 

Necessary Characteristics of High-Voltage Insulators as Deter- 
mined by Line Conditions, by A. O. Austin, The Ohio 
Insulator Co. Illustrated. Preceded by a dinner. March 
23. Attendance 100. 

The Commercial Development of Lighter-Than-Air Air Craft, by 
Dr. Karl Arnstein, Goodyear Zeppelin Corp. Illustrated. 
Preceded by a dinner. April 6. Attendance 150. 


Baltimore 


Development of Transportation as T ypified in the 100 Years’ History 
of the Baltimore and Ohio Railroad, by O. C. Cromwell, 
B. & O. R. R. A dinner preceded the meeting. September 
28. Attendance 85. 

Some Problems of Telephony, by H. S. Osborne, Ameriean 
Tel. & Tel. Co. A dinner preceded the meeting. October 
8. Attendance 130. 

Aviation, by Dr. G. W. Lewis, National Advisory Committee for 
Aeronauties, and Major W. D. Tipton, Maryland National 
Guard. Dinner preceded the meeting. November 18. 
Attendance 85. 

The Modern Oscillograph—Analyst of the Unknown, by J. W. 
Legg, Westinghouse Electric & Mfg. Co. December 16. At- 
tendance 60. 

Symposium of European Engineering Practise, by Dr. J. B. 
Whitehead, Johns Hopkins University, and H. R. Cook, 
Consolidated Gas, Electric Light & Power Co. A dinner 
preceded the meeting. January 19. Attendance 85. 


Heating aud Uses of RM TE Office Buildings, Hotels, Stores, 


etc., by J. Posey and N. Oates, Consolidated Gas, 
Eleetrie Light & Power Co. Joint with A. S. M. E. Feb- 
ruary 23. Attendance 90. 


INSTITUTE AND RELATED ACTIVITIES 
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Branch Paper Prize: F. D. Crowther and R. L. Earnheart, 
for their paper Alternating-Current Transients in Incandescent 
Lamps, presented at the Joint Meeting of the Portland Sections, 
A. I. E. E. and N. E. L. A. and Oregon State College Branch, 
May 7, 1927. 


DISTRICT NO. 10. 


Best Paper Prizes W. P. Dobson, for his paper The Electric 
Strength of Solid Insulation, presented at the meeting of the 
Toronto Seetion, November 25, 1927. 


Initial Paper Prizes George D. Floyd, for his paper Techni- 
cal and Economic Analysis of Electric Power Transmission, 
presented at the meeting of the Toronto Section, January 14, 
1927. 
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Boston 

Desirable and Reasonable Traffic Regulations, by E. W. James, 
Bureau of Publie Roads. Joint meeting. April 18. 
Attendanee 150. 

Financial, Engineering and Construction Problems of a Laege 
Project, by H. A. Hageman and W. L. Locke, Stone and 
Webster, Inc., and R. H. Barclay and C. W. Kellogg, 
Publie Service Company. Joint meeting with Massachu- 
setts Institute of Technology Branch. April 27. At- 
tendance 260. 


Cincinnati 
Low-Voltage A-C. Network System in Cincinnati, by Lester Bosch 
and Charles Thomas, Union Gas and Electric Co. Illus- 
trated. April 12. Attendance 85. 
Mitigation of Acoustic Shock and Hazard in Telephone Communi- 
cation. Joint meeting with University of Cincinnati 
Branch. May10. Attendance 51. 


Cleveland 
Interconnection of Power Systems, by Philip Sporn, American 
Gas and Electric Co. Illustrated. April 19. Atten- 
dance 80. 


Columbus 
The Televor, by R. J. Wensley, Westinghouse Electric & Mfg. 
Co., Joint meeting with Affiliated Technical Societies of 
Columbus. March 16. Attendance 1000. 
Arc Welding—Present and Future, by R. P. Tarbell and H. T. 
Egan, Lincoln Eleetrie Co. A dinner preceded the meeting. 
March 23. Attendance 61. 


Connecticut 
Applied Electrochemistry, by Dr. C. G. Fink, Columbia Univer- 
sity, and 
System Planning, by L. W. W. Morrow, Managing Editor, 
Electrical World. January 24. Attendance 100. 
Aviation Today in Peace and War, by Lieut. B. G. Leighton, 
Commander, U.S. Navy. April 17. Attendance 40. 


Denver 

Industrial Development and Distribution, by F. E. Shepard, 
Superintendent, Denver Mint. October 4. Attendance 50. 

The Romance of Power, by C. M. Ripley, General Electric Co. 
Oetober 18. Attendanee 75. 

Some Phases of Utility Financing, by J. E. Loiseau, Secretary, 
Publie Serviee Co. of Colorado. January 17. Attendance 40. 

The Romance of Broadcasting, by F. H. Talbot, Director, KOA 
Broadeasting Station. April 3. Attendance 45. 

Dinner. April 10. Attendance 109. 

Methods of Construction at Conowingo, by G. P. Jessup, Stone and 
Webster, Ine. Illustrated. Preceded by a dinner. April 
20. Attendance 50. 

Present Status of Mercury Boiler and Turbine, by P. B. Coulson, 
General Electric Co. Illustrated. May 9. Attendance 55. 

Application of the Photoelectric Cell to Measurements of Light 
Intensity, by G. K. Baker, L. L. Booth and R. G. Havs, 
University of Denver; 
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Magnetic Properties of Iron, by Edwin Whitehead, University of 
Colorado; 

Electric Power in the Modern Cement Plant, by H. P. Groat, 
Colorado Agricultural College, and 

Phase curan ur Induction Motors, by R. A. Shields, University 
of Colorado. Annual College Branch Night. Preceded 
by & dinner. Mayll. Attendance 94. 


Detroit-Ann Arbor 


Precise Metering, by B. W. St. Clair, General Electric Co. 
Illustrated. A dinner preceded the meeting. April 17. 
Attendance 105. 


Erie 


Measurement of Surge Voltages on Transmission Lines, by C. M. 
Foust, General Electric Co. Illustrated. April 17. At- 
tendance 50. ' 


Fort Wayne 
The Finest Motive Power in the World, by Alan Rogers, Super- 


visor of Publie Relations, New York Central Lines. March 
29. Attendance 50. 


* Indinapolis-Lafayette 
Public Utilities and Their Relation to the Consumer, by C. F. 


Hirschfeld, Detroit Edison Co. Joint dinner meeting with 
A.S. M. E. April20. Attendance 68. 


Ithaca 
Ains and Activities of the American Engineering Council, by 
A. W. Berresford, President, American Engineering Council; 


The Economics of Power Distribution, by Alex Dow, President, 
A.S. M. E., and 


Transatlantic Radio Telephony, by Baneroft Gherardi, National 
President, A. I. E. E. Annual Engineering Banquet. March 
16. Attendance 250. 

Alternator Oscillograph Studies, by S. R. Knapp and J. R. Burnell; 

Water Levels of Cayuga Lake, by D. J. C. Werner; 

diei OR and Absorption in Dielectrics, by E. J. Atkins, Jr., 
an 

Electric Locomotive Construction, by D. W. Exner. 
meeting. April 13. Attendance 70. 

The Use of Pyrez Insulators on High-Voltage Transmission Lines, 
by Dr. J. T. Littleton, Corning Glass Works, and 

Oil Puncture Tests on Insulators, by W. W. Shaver, Corning 
Glass Works. An inspection trip to the Corning Glass 
Works preceded the talks. April 28. Attendance 102. 

Historical Development of A. I. E. E. Sections, by P. M. Lincoln, 
Cornell University, and 

A New Industrial Day, by Dean D. S. Kimball, Cornell Uni- 
versity. May 3. Attendance 135. 


Kansas City 


River Navigation and Terminal Facilities, by A. W. Mackie, 
Construction Equipment Co. Joint with A. S. M. E. 
March 26. Attendance 55. 


Research and the Public, by L. A. Hawkins, General Electric Co. 
April 17. Attendance 110. 


Lehigh Valley 


The Use of Electricity in an Automotive Vehicle, by L. C. Josephs 
and C. A. Froeseh, International Motor Co. Dinner 
preceded the meeting. February 18. Attendance 36. 


Cost Accounting for Engineers, by J. F. W. Heinbokel, C. P. A. 
and G. E. Dignan, Rust Engineering Co. Inspection trip to 
Seranton Lace Co. Dinner. Joint meeting with Engineer- 
ing Society of Northeastern Pennsylvania. Mareh 23. 
Attendance 144. 


Student 


Los Angeles 
Impressions of Science and Engineering in Europe, by Dr. Paul 
Epstein, California Institute of Technology, and 
Some Physical Aspects of Human Speech, by A. P. Hill, Southern 
California Telephone Co. Illustrated with motion picture. 
Preceded by a dinner. May 8. Attendance 78. 


Lynn 
Political Conditions in the Far East, by H. W. Bibber, Int. General 
Electric Co. April ll. Attendance 45. 


The Electrical Transmission of Personality, and the Latest Develop- 
ments in the Telephone Art and Television, by L. S. O’ Roark, 
Bell Telephone Laboratories. Illustrated. April 25. At- 
tendance 115. 
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Short-Circuit Phenomena in Synchronous Machines, by R. H. 
Park and I. H. Summers, General Electric Co. Illustrated. 
May2. Attendance 43. 


Mexico 


Continuity of Service, by L. N. Blagoveschensky, The Mexican 
Lt. & Pr. Co. April 1l. Attendance 16. 


Minnesota 


Chippewa Falls Hydroelectric Plant, by W. T. Walker, Northern 
States Power Co. Joint meeting with the Engineers Club 
of Minneapolis, preceded by a dinner. April 16. At- 
tendance 300. 


Social. February 1. Attendance 80. 


Nebraska 


Joint meeting with University of Nebraska and University of 
South Dakota Branches. During the day the students in- 
spected the City of Omaha Water Pumping and Filtration 
Plant, the Overland Trail and Rubber Company and 
Omaha Steel Works. In the evening, a dinner was given 
for the students and faculty, after which the students 
provided a program consisting of music and technical 
discussions. April26. Attendance 88. 


Niagara Frontier 
Inspection trip to Curtiss Aeroplane and Motor Company and 


the Consolidated Aircraft Corporation. December 8. 
Attendance 6. 
Safety, by oorge Hays, Niagara Lockport and Ontario Power 
0., an 


Making Sound Visible and Light Audible, by J. B. Taylor, 
General Electrice Co. A dinner preceded the meeting. 
March 23. Attendance 440. 

Characteristics of Output Transformers, by J. M. Thompson, 
Ferranti Meter and Transformer Co., and 

Shielding of Coils, Condensers, etc., by M. L. Levy, Stromberg- 
Carlson Telephone Mfg. Co. Joint meeting with Institute 
of Radio Engineers. April 11. Attendance 120. 

Inspection trip to Curtiss Aeroplane and Motor Corp. and 
Consolidated Aircraft Corp. Joint with Engg. Society of 
Buffalo, American Welding Society, Society of Automotive 
Engrs., and Engg. Institute of Canada. April 17. At- 
tendance 150. 

Developments of Airport Lighting, by H. C. Ritchie, General 
Electric Co.; 

Recent Progress in Aeronautics, by C. R. Keyes, Curtiss Aero- 
plane Corp., and 


Research in Aeronautics by High-Speed Motion Pictures, by 
Marsden Ware, A. S.M. E. A dinner preceded the meeting. 
April 17. Attendance 475. 

Insulation and Protection of Transmission Lines Against 
Lightning, by C. L. Fortescue, Westinghouse Electrie & 


Mfg. Co. Illustrated. The following officers were elected: 
Chairman: G. H. Calkins; Secretary-Treasurer, E. P. 
Harder. April20. Attendance 120. 


Philadelphia 


Household Utilization of Electricity, by E. W. Commery, National 
Electric Lamp Works; Miss Gertrude G. Shearer. Phila- 
delphia Eleetrie Co., and Stephen Bennis, United Electric 
Light & Power Co. Joint meeting with Illuminating 
Engineering Society. A dinner preceded the meeting. 
April 9. Attendance 100. 


Pittsburgh 
Arc Phenomena, by Joseph Slepian, Westinghouse Electric & 
Mfg.Co. Apmll0. Attendance 160. 
Pittsfield 
Calendar Reform, by F. W. Keough. Joint with Chamber of 
Commerce. April 27. Attendance 75. 
Portland 


Inspection trip to Portland’s new sea wall. 
tendance 300. 

A Program of Engineering Education and Service, by Dean H. S. 
Rodgers, Oregon State College. April 25. Attendance 65. 


Providence 


The Importance of Clear Fused Quarts in Science and Industry, by 
E. R. Berry, General Electric Co. The following officers 
were elected: Chairman, A. E. Watson; Vice-Chairman, 
A. K. MacNaughton; Seeretary-Treasurer, F. W. Smith; 


March 21. At- 
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Executive Committee, R. C. Patton, L. C. Eddy. A 
dinner preceded the meeting. Joint with Illuminating 
Engineering Society. May 8. Attendance 90. 


Rochester 
Carrier-Current Communication and Control, by C. A. Boddie, 
Westinghouse Electric & Mfg. Co. A dinner preceded the 
meeting. April 6. Attendance 43. 


St. Louis 
Arc Welding, by K. P. Hanson. "The following officers were 
elected: Chairman, C. P. Potter; Vice-Chairman, G. H. 
Quermann; Seeretary-Treasurer, E. G. MeLagan. April 18. 
Attendance 65. 
San Francisco 


Reflection of 1.5 Meter Radio Waves, by L. J. Black and W. G. 
Wagoner, University of California; 

Study of High-Voltage Flashovers, by J. T. Lusignan, Stanford 
University, and 

Power-Line Radio Interference, by R. A. MacIntyre and C. H. 
LeBorgne, University of California. Demonstration of 
high-voltage phenomena at Ryan High-Voltage Laboratory. 
Joint meeting with University of California and Stanford 
University Branches. April 13. Attendance 162. 

Inspeetion trip to Airplane Carrier U. S. S. Saratoga. Joint 
with A. S. N. E. and A. S. C. E. April 19. Attendance 500. 


Saskatchewan 


Joint meeting with Engineering Institute of Canada. 
Attendanee 50. 

Power Distribution, by E. W. Bull, Supt. of Light and Power, City 
of Regina. Annual meeting. he following officers were 
eleeted: Chairman, E. W. Bull; Secretary-Treasurer, W. P. 
Brattle. April 27. Attendance 36. 


Schenectady 
Substitutes for Experience, by Dr. Max Mason, President, 
University of Chicago: April 14. Attendance 400. 
Annual Meeting. The following officers were elected: Chairman, 
E. S. Lee; Vice-Chairmen, R. F. Franklin, E. S. Henningsen, 
and F. W. Grover; Seeretary E. E. Johnson; Treasurer, 
W. A. Sredensehek. April 27. Attendance 10. 


Seattle 


Introductory address by E. S. Goodwin, Chairman of the City 
Planning Commission; 

Activities of the City Planning Commission, by E. B. Hussey, 
Consulting Engr.; 

The Arterial Streets and Highways System, by W. C. Morse, 
City Engineer, and 

The Architectural Features of Seattle’s Ornamental Street TAA 
by C. F. Gould, Architect. Joint meeting with A. S. M. E., 
A.S. C. E. and A. I. M. E. March 23. Attendance 145. 

An Electrical Method of Igniting Stumps in  Land-Clearing 
Operations, by Erling Horn. (Presented by J. M. Rathbun, 
student); 

Some Applications in Elementary Transients, by R. W. Barker, 
student; 

The Dufour Cathode-Ray Oscillograph, by R. W. Joyce, student, 
and 

Characteristics of the Fynn-Weichsel Motor as a Self-Ezcited 
Generator, by Herman Reise, student. Joint meeting with 
University of Washington Branch. April 17. Atten- 
dance 77. 


March 25. 


Sharon 


The Place of the Utility in an Economic Structure, by C. S. 
MacCalla, Pennsylvania-Ohio Power and Light Co. A 
dinner preceded the meeting. In the afternoon an inspec- 
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STUDENT CONFERENCE AND CONVENTION HELD IN NORTH 
EASTERN DISTRICT 
Following extensive plans made by the District Committee 
on Student Activities, the programs given below were presented 
on Friday morning May 11 in connection with the Regional 
Meeting of District No. 1, held at New Haven, Connecticut, 
May 9-12, 1928. 


INSTITUTE AND RELATED ACTIVITIES 
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tion trip was made over the properties of the Pennsylvania- 
Ohio Power & Light Co. arch 10. Attendance 200. 
Developments in Power Generation and Transmission, by F. C. 
anker, Westinghouse Electric & Mfg. Co. April 3. 
Attendance 163. 
Spokane 

The Mechanical Analogy of the Problem of Transmission Stability, 
by V. B. Wilfley, Westinghouse Electric & Mfg. Co. Feb- 
ruary 10. Attendance 33. 

The Chelan Project of the Washington Water Power Company, 
by J. B. Fisken. Joint meeting with A. S. M. E., A. S. C. E. 
and A. I. M. E. February 28. Attendance 150. 

Lightning, by L. R. Gamble, The Washington Water Power Co. 
Illustrated by motion picture. April27. Attendance 20. 


Syracuse 


The Reproduction of Sound, by C. R. Hanna, Westinghouse 
Electric & Mfg. Co. April 16. Attendance 153. 


Toledo 


Electric Furnaces in the Production of Steel, by Joseph Tillman, 
Industrial Steel Castings Co. April 13. Attendance 30. 


Toronto 


Joint Luneheon meeting with E. I. C. and A. S. M. E. Speaker: 
Prof. Peter Gillespie, University of Toronto. December 1. 
Attendance 225. 

Modern Air-Circuit-Breaker Practise, by W. M. Scott, Jr., Cutter 
Electrical and Mfg. Co. January 13. Attendance 66. 

The Study of Transmission-Line Power Arcs, by Paul Ackerman, 
Consulting Engineer. March 23. Attendance 121. 

B-Battery Eliminators, by Prof. H. W. Price, University of 
Toronto. April 13. Attendance 162. 

Joint Banquet with Institute of Radio Engrs. April 19. 
tendance 150. 

General Industrial Power Applications, by G. E. Stoltz, Meme: 
house Electric & Mfg. Co. Joint meeting with E. I. C. 
April 27. Attendance 200. 


Urbana 


Advances in Electrical Transmission of Speech and Music, by 
Burke Smith, Illinois Bell Telephone Co. February 29. 
Attendance 116. 

The Trend of Power Development, by A. D. Bailey, Commonwealth 
Edison Co. April 17. Attendance 143. 

Utah 

Radio Interference, by J. J. Jakosky, Radiore Company. 
trated by slides. February 14. Attendance 200. 

Power Control with Particular Reference to rae aT Circuit 
Breakers, by H. E. Mendenhall, University of Utah. March 
27. Attendance 60. 

Aviation Progress and Lighting of Airways for Night p by 
re i Porter, General Electric Co. Illustrated with slides 

pril 25. 


At- 


Illus- 


Attendance 60. 
Vancouver 

Railway Motors, by H. M. Lloyd, B. C. E. R. Co. 

Attendance 21. 
Washington, D. C. 

Lightning Protection for Transmission Lines and Apparatus, by 
K. b. McEachron, General Electric Co. The following 
officers were elected: Chairman, L. D. Bliss; Vice-Chairman, 


W. A. E. Doying; Secretary-Treasurer, R. W. Cushing. 
May 8. Attendance 95. 


Worcester 


Selection and Efficiency of Electric Motors, by H. A. Maxfield, 
Worcester Polytechnic Institute. April 26. Attendance 40. 


May 1. 
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9:00 a. m. 
Student Branch Activities 
R. F. Scott, Chairman University of Maine Branch, presiding. 
The Institute and the Student Branches, Professor Harold B. 
Smith, Worcester Polytechnic Institute. 
What Branch Membership Can Do for the Students, T. B. 
Miner, Rhode Island State College. 
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What Services Can a Student Branch Render to the College? 
Reo Miles, Syracuse University. 

Planning and Publicity for Meetings, G. L. Rogers, Chairman 
Clarkson College of Technology Branch. 

General Discussion of Branch Activities. Summary of Sym- 
posium, Professor Charles F. Scott, Counselor Yale University 
Branch. 

10:30 a. m. 
Technical Session 

W. J. Brown, Chairman Yale University Branch, presiding. 

An Accuracy Test for Flux Plotting Methods, R. B. Wright and 
N. F. Tsang, Massachusetts Institute of Technology. (Pre- 
sented by R. B. Wright). 

Special Oscillograph Studies of Alternator Short-Circuits, 
J. R. Burnett, and S. R. Knapp, Cornell University. (Presented 
by J. R. Burnett). 

The Constant Impedance Circuit Applied to Wattmeter Cali- 
bration, Charles J. Augustine, Yale University. 

Some Characteristics of Photoelectric Cells, Wendall F. Hess, 
Rensselaer Polytechnic Institute. 

Servicing the Electric Consumer, Osborne W. Briden, Brown 
University. 

A Comparison of Methods of Crest Voltage Measurement, 
William J. Brown and Blair Foulds, Yale University, (Pre- 
sented by Blair Foulds). 

12:30 p. m. 


Luncheon Conference—Counselors and Incoming 
Branch Chairmen 

At the luncheon conference, held immediately after the ad- 
journment of the teehnical session, Professor F. M. Sebast, 
Counselor Rensselaer Polytechnie Institute Branch, was elected 
Chairman of the District Committee on Student Activities for 
the administrative year beginning August 1, 1928, and Professor 
W. H. Timbie, present Chairman of the Committee, was elected 
Counselor Delegate to represent the Committee at the Summer 
Convention in Denver. 

Tentative plans for holding a District student convention 
next year were discussed. 

After the adjournment of this session, the ineoming Branch 
Chairmen present elected the four named below as members of a 
student committee to cooperate with the District Committee 
on Student Activities: 

R. W. Miner, Yale University, Chairman. 

F. J. McGowan, Jr., Worcester Polytechnic Institute. 

E. A. Michelman, Massachusetts Institute of Technology. 
A. V. Smith, University of Maine. 

The attendance during the morning sessions was about 200, 
and the students showed keen interest in the papers and dis- 
cussion on Branch activities as well as in those on technical 
subjects. In addition to a considerable number of Yale Uni- 
versity students, there were present more than 100 students from 
twelve schools in the District. 


STUDENT BRANCH ORGANIZED AT UNIVERSITY OF VERMONT 


The establishment of a Student Braneh at the University of 
Vermont was authorized by the Board of Directors on April 6, 
1928. The Branch was organized on April 17, when By-laws 
were adopted and temporary officers were elected. Ata meeting 
held on May 8, the following officers were elected to take office 
immediately and serve for one vear: Chairman, Frank L. Sullo- 
way; Vice-Chairman, Kenneth H. MaeGibbon; Seeretary- 
Treasurer, Lawrence G. Cowles. Professor Leonard P. Dickin- 
son has been appointed Counselor. Meetings will be held on 
second and fourth Tuesdays. 


ANNUAL COLLEGE BRANCH NIGHT OF DENVER SECTION 
The annual student meeting of the Denver Section was held 
on May 11, 1928, and the following papers were presented: 
The Application of the Photoclectric Cell to Measurements of 
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Differences of Light Intensity, G. K. Baker, L. L. Booth, and 
R. G. Hays, University of Denver Seniors. 

Magnetic Properties of Iron, Edwin Whitehead, University of 
Colorado, '28. 

Electric Power in the Modern Cement Plant, Harold P. Groat, 
Colorado State Agricultural College, '28. 

Phase Advancer for Induction Motors, R. A. Shields, Univer- 
sity of Colorado, '28. 

All of the papers were well prepared and presented, and much 
enthusiasm was shown by both students and members of the 
Section. The attendance was 94. 


STUDENT PROGRAM AT SEATTLE SECTION MEETING 


The Seattle Se*tion and the University of Washington Branch 
held a joint meeting on April 17, 1928, at which the following 
student papers were presented: 

An Electrical Method of Igniting Stumps in Land Clearing 
Operations, Erling Horn. (Presented by J. M. Rathbun). 

Some Applications in Elementary Transients, Robert W. 
Barker. 

The Dufour Cathode Ray Oscillograph, R. W. Joyce. 

Characteristics of the Fynn-Weichsel Motor as a Sclf-Excited 
Generator, Herman Reise. 


JOINT MEETING OF SAN FRANCISCO SECTION 
AND NEIGHBORING BRANCHES 


The San Francisco Section and the Student Branches located 
at the University of California, University of Santa Clara, and 
Stanford University held a joint dinner meeting at Stanford 
University on April 12, 1925. Mr. W. L. Winter, Chairman of 
the San Franciseo Section, presided. 

After a brief informal talk by Dr. Harris J. Ryan, the follow- 
ing student papers were presented: 

Reflection of 14% Meter Radio Waves, L. J. Black and W.G. 
Wagner, University of California. (Presented by W. G. Wagner) 

A Study of High-Voltage Flashovers, J. T. Luagignan, Stanford 
University. 

Power Line Radio Interference, R. A. MacIntyre and C. H. 
Le Borgne, University of Santa Clara. (Presented by R. A. 
MacIntyre). 

Following the presentation of the papers, an interesting and 
instructive demonstration of high voltage phenomena was given 
in the Ryan High Voltage Laboratory. 

The attendance was about 100 at the dinner and about 160 
during the program. 


STUDENT MEETING HELD BY NEBRASKA SECTION 

The Nebraska Section entertained the members of the Uni- 
versity of Nebraska and University of South Dakota Bran»^hes 
with inspection trips and a dinner on April 26, 1925, and a student 
program was presented at a joint meeting in the evening. The 
complete program is given below. 

Inspection, Florence Water Works. 

Luncheon at Florence Water Works. 

Inspection, Overland Trail Rubber Co. 

Dinner at University Club. 

Factors Affecting the Adjustment of Railroqd Rates, F. J. 
Knights, University of Nebraska, '28. 

Remarks by Dr. B. B. Brackett, University of South Dakota 
and Dean O. J. Ferguson, University of Nebraska. 

The Vacuum Tube Oscillator, L. F. Leuck, University of 
Nebraska, '28. 

The South Dakota Student's Viewpoint, C. R. Cantonwine, 
University of South Dakota, '29. 

Several musieal numbers were rendered by the students during 
the evening program. 

The meeting was enjoyed very much by members of the 
Section and the students. "Twenty students of the University 
of South Dakota were present, and the attendance at the evening 
meeting was 88. 


Omaha Steel Works. 
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Alabama Polytechnic Institute 
The Engineer and the Community, by R. H. Boyd, student; 
The Life and Works of Hugh L. Cooper, by J. H. Gerber, student; 
Grinding and Testing of Concave Mirrors, by E. R. Hauser, 
student, and 
House Wiring, by Q.M. Ross, student. March22. Attendance 59. 


Following talks given by freshmen and ES ER The Life 
and Works of Joseph Henry, by D Baird; Industrial 
Lighting, by O. T. Allen; Warrior Unit Pulverizer, by W. M. 
Shaup, an Electric Refrigeration, by J. A. Willman. April 
5. Attendance 31. 


Design of Steam Boilers, Su ME and Economizers, by C. A. 
Weston, Babcock and Wileox Co. Motion pieture, entitled 
"Steam," was shown. April 12. Attendance 48. 


Life of Alexander Graham Bell, by E. Walters; 


idees of Early Train Control on Railroads, by L. C. Yancey; 
an 


The Road to Success, by H. Hiekman. April 19. Attendance 58. 


Business Meeting. The following officers were elected: Chair- 
man, W. P. Smith; Viee-Chairman, C. D. Bradley; Seere- 
tary-Treasurer, C. W. Meyer; Auburn Engineer Reporter, 
E. R. Jones; and Plainsman Reporter, H. Hickman. April 
26. Attendance 50. 


University of Arizona 
Business Meeting. February 13. Attendance 11. 
Michael Faraday, by Jack Hopper, and 


Thomas A. Edison, by Ray Humbert. 
tendance 10. 


Joseph Henry, by George Blount, and 
Lord Kelvin, by George Harding. February 27. Attendance 11. 


Motion picture, entitled “The Life of Edison," was shown. 
March 5. Attendance 12. 


George Westinghouse, by George Lynn, and 
Benjamin G. Lamme, by Gene Magee. March 12. Attendance 10. 
Charles P. Steinmetz, by Joe Sigler. Motion picture, entitled 


“The Manufacture of Telephones.” March 19. At- 
tendance 11. 


Michael I. Pupin, by George Blount, and 


The Work of the Institute, by George Harding. March 26. 
Attendance 10. 


The History of Incandescent Lamps, by Jack Hopper, and 


The Story of the Telephone, by Ray Humbert. , Motion picture, 
entitled “The Making of Mazda Lamps." April 2. At- 
tendance 12. 


The Historical Development of the Transformer, by George Lynn. 
April 9. Attendance 11. 

Motion picture, entitled '"The "Transformer," 
April 16. Attendance 13. 


Experience as Engineer and Executive, by Max Pooler. 
April 20. Attendance 17. 


Armour Institute of Technology 


Vacuum Tube Characteristics, by J. H. Miller, Jewell Electrical 
Instrument Co. March 29. Attendance 50. 


Bucknell University 
Business Meeting. April 16. Attendance 20. 


California Institute of Technology 


Distribution Problems, by E. L. Bettanier, Pasadena Municipal 
Light and Power Co. April 17. Attendance 14. 


A motion picture, entitled "Portable Electricity,” was shown. 
April 26. Attendance 10. 

A motion picture, entitled ‘‘The Single Ridge," 
May 3. Attendance 10. 


University of California 


Joint meeting. April 13. (See report elsewhere in Student 
Activities department). 

The Transmission of Radio Programs over Telephone Circuits, 
by R. M. Elliott, Pacific Tel. & Tel. Co. Joint meeting 
with A. S. M. E. and A. E. & M. E. Business session. 
Nomination of officers. The following elected on April 
20th: Chairman, H. H. Hyde; Vice-Chairman, C. W. 
Mors; Secretary, H. K. Morgan; Treasurer, J. B. Gillham; 
Exeeutive Committee; L. G. Levoy and W. G. Wagener. 
April 18. Attendance 55. 


February 20. At- 


was shown. 


Smoker. 


was shown. 
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Catholic University of America 
Business Meeting. Election of officers. April 16. Attendance 20. 


Clarkson College of Technology 
Experiences with the Philadelphia Electric Company, by L. B. 
Dyke, student, and 
G. E. Test Course, by Mr. Powell, St. Lawrence Valley Power Co. 
Refreshments were served. April 12. Attendance 22. 
Business Meeting. Election of officers. May 2. Attendance 65. 


Clemson College 


Salesmanship Competition (Papers on Circuit Breakers), by 
M. A. Jones and H. E. Stoppelbein, and 


Current Events, by L. F. Sander. April12. Attendance 18. 
Conductivily of Crystals, by Dr. H. M. Brown, and 


Report of Student Activities Conference at Atlanta, by A. P. Wylie, 
Chairman. April 26. Attendance 29. 


Colorado Agricultural College 


Business Meeting. Discussion of the inspection trip planned for 
May 10 and 11. Plans announced for participation of the 
Branch in ''College Night” program of Denver Section on 
May 11. April 16. Attendance 15. 


University of Colorado 


The New Turbine Unit Installed in Plant of Gates Rubber Com- 
pany, by C. R. Ahlquist, Chief Engr. Refreshments were 
served. April 4. Attendance 35. 

Economic and Commercial Aspects of the Natural Gas Line from 
Texas to Denver, by F. T. Parks, Mgr., Natural Gas Divi- 
sion, Public Service Co. April 18. Attendance 29. 


University of Denver 


Business Meeting. Announcement of plans for participation in 
the ‘‘College Night” meeting of the Denver Section on May 
llth. Discussion of plans for Electrical Show to be held 
on May 17. May 3. Attendance 28. 


Drexel Institute 


Business Meeting. Election of officers for next year: Chair- 
man, D. M. Way; Vice-Chairman, G. L. Oddy; Secretary, 
C. W. Kenyon; Treasurer, R. M. Heckman. April 18. 
Attendance 15. 


University of Florida 


Television: Photo-Telegraphy, and Transoceanic Telegraphy, by 
Col. R. L. Boyd, Southern Bell Tel. & Tel. Co. Slides. 
April 9. Attendance 25. 

Business Meeting. The following officers were elected for 1928- 
29: Chairman, A. W. Payne; Vice-Chairman, L. C. Moore; 
Secretary-Treasurer, N. J. Rogers. Refreshments were 
served. May 7. Attendance 25. | 


Georgia School of Technology 
Business Meeting. May 1. Attendance 64. 
University of Idaho x 


Business Meeting. Discussion and reports concerning Engi- 
neers Day.. April 26. Attendance 34. 


Kansas State College 


Trip Through a Wire Drawing Plant, by J. L. Potter. 
entitled “Electrical Measuring Instruments.” 
Attendance 78. 


Patents and Inventions, by Prof. R. G. Kloeffler, Counselor. 
Film, entitled ‘‘Erecting Outdoor Substation.” April 10. 
Attendance 79. 


Film, 
April 2. 


University of Kansas 


The New Gas Compressor Station of Cities Service Company at 
Ottawa, by Ralph Vinson, student. Refreshments were 
served. April12. Attendance 47. 


J. M. Gonzalez and Shadrach Paul gave illustrated talks on their 
native countries, Mexico and India, respectively. Three 
reels on the making of insulated wire and cables were shown. 
April 26. Attendance 49. 


Business Meeting. Election of officers. May 10. Attendance 52. 
Lafayette College 

Business Meeting. May 5. Attendance 22. 
Lehigh University 

Fire Alarm Systems, by W. W. Hocke, student, and 


Electrical Maintenance in an Industrial Plant, by A. J. Standing, 
Supt. of Electrical Dept., Saucon Division, Bethlehem 
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Steel Co. Short talks by L. K. Somers and R. S. Taylor 
on the regional meeting at Baltimore. The following 
officers were elected: Chairman, S. R. Van Blarcom; Vice- 
Chairman, J. E. Wightman; Secretary, R. S. Taylor; 
Treasurer, L. K. Savers. Presentation of award for best 
student paper delivered this year to W. W. Hocke by C. E. 
Krause, Chairman of Prize Award Committee. Refresh- 
Attendance 41. 


Lewis Institute 


Application of Electricity to Railways, by W. D. Bearce, General 
Eleetrie Co. Joint meeting with Armour Institute of 
May 4. Attendance 135. 


Technology Branch. 
Louisiana State University 


The Production Side of the Electrical Business, by Mr. Davies, 
Baton Rouge Electric Co. April 19. Attendance 18. 


University of Maine 


Switchboards and Protective Devices, by Prof. W. E. Barrows, Jr., 
Counselor. Film, entitled ‘Switchboard Travelogue.” 
The following officers for 1928-29 were elected: Chairman, 
A. V. Smith; Vice-Chairman, E. G. Horton; and Seeretary- 
Treasurer, G. A. Whittier. April 18. Attendance 21. 


ments served. May 1l. 


Marquette University 


H ydroelectric Development in California, by Mr. Fowler, Hydraulie 
Engr., Allis-Chalmers Mfg. Co. Joint meeting Marquette 
Branches A. S. M. E. and A. I. E. E., and Student Chapter, 
A.S.C. E. April 10. Attendance 117. 

Reyrolle Switchgear, by Donald Greensward, Allis-Chalmers 
Mfg. Co. Slides. April 26. Attendance 17. 


Massachusetts Institute of Technology 


Theory of Public Utility Rate Forms and Their Application to 
Different Territories, bv L. R. Nash, Vice-President, Operat- 
ing Division, Stone & Webster, Inc. April 5. Atten- 
dance 150. 


Michigan Stage College 


Application of Electricity to Railroads, by W. D. Bearce, General 
Electrice Co. Amendments to Constitution and By-laws 
adopted. May 7. Attendance 43. 


University of Michigan 
The Application of Electricity to Railway Operation, by W. D. 
Bearee, General Electric Co. Slides. April 30. At- 
tendance 22. 


University of Minnesota 


Relationship of the Student Engineer to the A. I. E. E. and to the 
Profession Itself, by Mr. Bellows of Radio Station WCCO 
and Mr. Parks, Western Union Tel. Co. Demonstraton 
of a demand metering system. March 29. Attendance 58. 

Inspection trip to Main and Atlantic Exchanges of the North- 
western Bell Tel. Co. in Minneapolis. Illustrated lecture, 
entitled “Voices Across the Sea." April 25. Attendance 60. 


Mississippi A. & M. College 
Electric Switching Equipment, by L. H. Calloway, student, 
Two-reel moving picture ‘‘The Wizardry of Wireless." 
Appointment of nominating committee and discussion ef 
plans for annual banquet. April 19. Attendance 40. 


University of Missouri 


The Manufacture of Insulators, by D. C. Carroway, Locke Insu- 
lator Corp. April 27. Attendance 28. 


Montana State College 
The Earth’s Electric Charge, by W. E. Howe. 
tendance 96. 
Derana Problems in Line Telephony, by C. F. Seamore, 
ountain States Tel. & Tel. Co., Helena, Mont. Luncheon. 
April 19. Attendance 251. | 


University of Nebraska 


Business Meeting. The following officers were elected: Chair- 
man, G. W. Cowley; Vice-Chairman, K. T. Davis; Secre- 
tary-Treasurer, L. T. Anderson. Refreshments. April 
18. Attendance 26. 


University of Nevada 


Business Meeting. "Suggested By-laws for Student Branches” 
adopted. April 25. Attendance 18. 


April 5. At- 
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Journal A. I. E. E. 


Newark College of Engineering 

Automatic Railway Substations and Engineering Characteristics 
of a Three-Thousand Volt Locomotive, by Prof. J. C. Peet, 
Counselor. Illustrated. The paper to he presented by the 
Branch at the New York Student Convention was pre- 
sented. April 2. Attendance 25. 

Design, Construction and Application of A-C. and D-C. Motors, 
by M. L. Parker, Industrial Motor Specialist, General 
Electric Co. April 16. Attendance 35. 


University of New Hampshire 

Motion pictures, entitled respectively ‘Telephone Inventors of 
Today," and ‘Modern Telephone Workshop,” were shown. 
February 6. Attendance 36. 

Film, entitled ‘‘Power,’’ was shown. April 7. Attendance 35. 

Radio Communication on Trains, by Messrs. Sumner and Colby; 

The Earth’s Electric Charge, by G. Vatcher, and 

Lightning Protection of Isolated Areas, by Messrs. Wendell and 
Whitten. The following officers were elected: President, 
N. J. Pierce; Secretary, M. W. Cummings. April 14. 
Attendance 36. 

Fuses, by F. E. Beede and H. E. Fuller; 

East River Station of the New York Edison, by S. S. Appleton and 
M. Cummings, and 

Atomic Hydrogen Welding, by G. P. Balch and T. Elliot. 
April 21. Attendance 26. 


College of the City of New York 
Industrial Control, by I. C. Diefenderfer, General Electric Co. 
Slides. April26. Attendance 38. 


Subway Construction in New York City, by R. Ridgeway.  Illus- 
trated. Joint meeting CCNY Branch, A. I. E. E., and 
Student Chapter, A. S. C. E. May3. Attendance 37. 


New York University 

The Shield Grid Radio Tube, by J. F. Torpie, student, and 

Band Pass Filters, by Zolman Benin, student. April 12. At- 
tendance 40. 

Radio Receiver Performance and How to Measure It, by H. W. 
Appel, student, and 

An Investigation of Audio Frequency 
Apparatus, by M. A. Forrest, student. 
dance 32. 


Amplification Test 
lay 3. Atten- 


North Carolina State College 

Business Meeting. "The following officers were eleeted: Presi- 
dent, O. M. Carpenter; Vice-President, C. H. Harshaw; 
Seeretary-Treasurer, W. E. Moseley; and Reporter, J. À. 
Taylor. April24. Attendance 16. 

Inspection trip to Raleigh Office of the Western Union Telegraph 
Co. Mayl. Attendances. 

Business Meeting. May 8. Attendance 11. 


University of North Dakota 
The Construction of Transmission Lines, by C. H. Billingley, 
General Supt., Red River Power Co., Grand Forks, N. D. 
A still film on ‘‘The Eleetrie Car Dumper," was shown. 
May3. Attendance 22. 


Northeastern University 
Inspection trip to River Works, General Electric Co., Lynn, 
Mass. April20. Attendance 27. 
Conowingo Hydroelectric Power Development, by Carl Burrough, 
ieee and Webster, Inc. Two films. April 24. Atten- 
ance 95. 


Business Meeting. The following officers were elected: Chair- 
man, R. W. Cleveland; Vice-Chairman, C. P. Goeller; 
Secretary, H. F. Wilder; and Treasurer, O. E. Hartford. 
May 5. 

Ohio State University 

The Application of Electricity to Mining, by J. S. Beltz, Jeffrey 

Mfg. Co. Apmnl6. Attendance 50. 


Past, Present, and Future of Engineering Education, by Dean 
T A. Hitchcock, College of Engineering. April 19. Atten- 
ance 40. 


Oklahoma A. & M. College 
Importance of Safety, by Prof. Edwin Kurtz, Counselor, and 


Our First-Aid Team, by Mr. Fisher, Oklahoma City. Demon- 
strations of resuscitation. April 25. Attendance 61. 
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Oregon State College 


Application of Electricity to the M i helt of Pulp and Paper, 
by C. W. Fick, Northwestern Engineer, General Electric 
Co. Motion pietures. Henry Moreland elected to repre- 
sent the Branch on the Executive Board of the Associated 
Engineers of the Oregon State College. Refreshments. 
Aprilll. Attendance 45. 

Business Meeting. Nomination of officers for next year. 
Discussion of plans for attending joint meeting with Port- 
land Section on May 25 at which the Branch will supply 
the program. May3. Attendance 32. 


Pennsylvania State College 


Application of Magnetic Field Studies to Electrical Engineering, 
by E. E. Johnson, General Electrice Co. Illustrated. 
March 15. Attendance 58. 


University of Pittsburgh 


Some of the Problems in Public Utility Work, by R. L. Kirk, 
Asst. to Manager, Planning Division, Duquesne Light Co. 
Aprill3. Attendance 43. 

Joint Meeting with Engineering Association. April 20. Atten- 
dance 150. 

Subway Construction, by R. P. Snyder, student, and 


Manufacture of Automobile Tires and Tubes, by J. J. Pfeiffer, 
student. April27. Attendance 37. 


Purdue University 
Constant Frequency Control, by P. O. Penn, student, and 


High-Frequency Oil-I nsulated Oscillator, by W. E. Brown, student. 
April 17. Attendance 30. 

Application of Electricity to Railway Operation, by W. D. Bearce, 
General Eleetrie Co. "The following offieers were elected: 
Chairman, J. F. Nuner; Vice-Chairman, W. H. C. Higgins; 
Secretary, P. C. Sandretto; Treasurer, P. D. Deckard. 
May2. Attendance 40. 


Rensselaer Polytechnic Institute 


Recent Developments in Long Toll Telephone Cables and Associated 
Equipment, by H. S. Sheppard, Executive Asst., Dept. of 
Research and Development, American Tel. & Tel. Co. 
Illustrated by slides and one-reel motion picture. April 10. 
Attendance 140. 


Rhode Island State College 


L. F. McCluskey, student, gave a demonstration of spot welding 
with a short talk on its uses. February 24. Attendance 20. 

Whistling and Talking Arcs, by Prof. W. A. Anderson, Counselor. 
Arthur Z. Smith, student, gave an exhibition of the whistling 
arc and an explanation of the phenomena. March 2. 
Attendance 21. 

Manufacture of Precision Electrical Instruments, by A. F. Corby, 
Weston Electrical Instrument Corp. Motion pictures. 
March9. Attendance 41. 

Standards of Deafness, by W. H. Gannon, student, and 

Arc Welding and Its Uses, by Eugene Rodrick, student. March 
16. Attendance 20. 

Motion picture, entitled ‘‘From Coal to Electricity," was shown. 
March 23. Attendance 43. 

Life of B. G. Lamme, by L. A. Bloomer, student, and 

Life of Charles P. Steinmetz, by W. F. Smith, student. Prof. 
W. A. Anderson, Counselor, announced the Regional 
Meeting at New Haven. March 30. Attendance 22. 

Prof. W. A. Anderson, Counselor, gave an outline of the Regional 
Meeting at New Haven and asked the members to cooperate 
by sending a paper to the meeting. April 13. Attendance 19. 


Salvage Operations on the Sunken Submarine S-4, by Thomas — 


Eadie. Mr. Eadie demonstrated his diving suit and diving 
apparatus. Aprill9. Attendance 111. 


The Life of Professor Michael Pupin, by T. B. Miner, student. 
April 20. Attendance 22. 


Two motion pietures, entitled respectively "Anthracite" and 
"An Electrified Travelogue,’ were shown. April 27. 
Attendance 50. 

Rutgers University 

Low-Voltage Network Relay, by E. C. Siddons. Slides on 

Westinghouse Plant. April16. Attendance 12. 
University of Santa Clara 


Motion picture on “Electrical Measuring Instruments" was 
shown. April 17. Attendance 84. 


University of South Dakota 
Business Meeting. April18. Attendance 14. 


Joint meeting. April 26-27. (See report elsewhere in Student 
Activities department.) | 


Stanford University 

The Practical Side of Engineering, by P. M. Downing, Vice- 
President, Pacific Gas and Eleetrie Co. Music, refresh- 
ments and smokes. Joint smoker of Stanford University 
Branches of A. I. E. E., A. S. C. E., and the Geological and 
Mining Society of American Universities. April 11. 
Attendance 90. 

Joint meeting. April 13. (See report elsewhere in Student 
Acitivites depart ment.) 


Stevens Institute of Technalogy 
Smoker. Lecture by Mr. Davis, Mechanical Engineer. Joint, 
with A. S. M. E. Branch. February 15. Attendance 108. 


Inspeetion trip to 44 West 27th Street Station of New York 
Edison Co. May2. Attendance 17. 


Swarthmore College 
Banquet. Andrew Simpson, College Engr., spoke on some of the 
problems he had to solve in installing the 250-hp. Babcock 
and Wilcox boiler in the College power plant. Prof. Tryon, 
Massachusetts Institute of Technology spoke on the value 
of eontinuing engineering edueation at M. I. T. April 19. 
Attendance 45. 


University of Tennessee 
Lecture and moving pictures on Electrical Instruments. March 
26. Attendance 10. 
Business Meeting. March29. Attendance 54. 


University of Texas 

J. B. Robuck, President, gave a report of the Regional Meeting 
of District No. 7 at St. Louis. March 13. Attendance 14. 

Summer Experiences, by M. R. Chamberlain, student. G. E. 
Schmitt was elected Secretary. Plans for a Power Show 
were discussed and L. L. Antes and M. R. Chamberlain 
were appointed directors. April 12. Attendance 14. 

Installing Protective Devices for Electric Machinery in a Cement 
Plant, by J. F. Hinton, student, and l 

Equipment in a Modern Substation, by H. A. Tankersley, student. 
April 26. Attendance 12. 

Methods of Starting Induction Motors, by B. D. Bedford, student. 
Mayll. Attendance 12. 


University of Utah 
Business Meeting. Plans were made for a joint meeting with 
the Utah Section, program to be furnished by Branch 
members. April 10. Attendance 16. 


Business Meeting. The following officers were elected: Chair- 


man, N. M. Chapman; Vice-Chairman, J. B. Hunter; 
Secretary, Garnett Littlefield. April 17. Attendance 20. 

Inspection trip to Open-Cut Mine of Utah Copper Company, 
Bingham Canyon, Utah, and the Concentration Plant of the 
Utah Copper Company, Magna, Utah. April 18. Atten- 
dance 23. 

University of Vermont 

Organization of Branch and adoption of by-laws. Temporary 
officers elected to hold office until second Tuesday in May. 
Regular meetings to be held on second and fourth Tuesdays. 
Illustrated lecture on ‘‘Electrical Progress During 1926 and 
1927," by Professor Leonard P. Dickinson, H of Dept. 
of Elec. Engg. April 17. Attendance 18. 

The Uses of Vacuum Tubes, by Prof. H. I. Williams, Dept. of 
Elec. Engg. Short business session. April 24. Atten- 
dance 18. 

Business Meeting. Election of officers to take office immediately. 
May 8. Attendance 15. 

The History and Development of the Electric Transformer, by 
Prof. R. O. Buchanan. Motion picture, entitled ‘‘Power 
Transformers.” May 10. Attendance 32. 


Virginia Military Institute 
Purposes and Organization of A. I. E. E. as Learned from Atlanta 
Student Convention, by L. Gwathmey; 
Japan from'an Electrical Engineer's Viewpoint, by G. J. Hales, 
and i 


— —— 
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The Steel Tank Mercury-Arc Rectifier, by W. J. Halstead. April 9. 
Attendance 37. 


Installation of New Third Rails, by R. C. Hanna; 

Electric Power in the Army, by W. E. Hobbs; 

Railway Electrification, by H. K. Moss, and 

Electrical Advertising, by Mr. Green. April 23. Attendance 42. 


Business Meeting. The following officers were elected for next 
ear: Vice-Chairman, J. K. Davis; Secretary, R. A. Wright; 
xecutive Committee, Jay Smith, Jr. April 25. Atten- 

dance 33. 


Washington State College 


Neon Signs, by Emmet Kuntze. Harold Low, E. Kuntze, and 
Dennis appointed to prepare for the Electrical Show. 
March 14. Attendance 40. 


The Cathode Oscillograph, by Henry Kahl, student. March 28. 
Attendance 20. 

Aluminum, by O. H. Wahl, student, and 

Photoelectric Cell, by Raymond Dennis, student. April 11. 


Attendance 15. 


Safety Work in Public Utilities, by J. B. Fisken, Consulting 
‘ngineer, Washington Water Power Co. April 26. Atten- 
dance 36. 
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Journal A. I. E. E. 


Film, entitled ‘‘Telephone Manufacturing,” April 25. Atten- 
dance 40. 


Film, entitled “Electrified Travelogue.” May 3. Attendance 18. 


University of Washington 

Forecasting in Engineering, by G. H. Smith, City of Seattle, 
Dept. of Lighting. April 12. Attendance 19. 

Joint meeting with Seattle Seetion. April 17. Attendance 75. 
(See account elsewhere in Student Activities dept.) 

Piezo-Crystal Phenomena, by Kermit Olson, student. It was 
announced that the E. E.'s had won the bi-annual Engineers 
Open House. April 26. Attendance 21. 

Kress ' B" Battery Eliminator, by Carl Radin, student. Business 
session. May3. Attendance 11. 


University of Wisconsin 
Power Transformer Development, by R. D. Jordan, General 
Eleetrie Co. Picture. March 12. Attendance 54. 


Public Utility Rates, by J. C..Neff, Wisconsin Light and Power 
Co. Joint meeting with Madison Section. March 30. 
Attendance 50. 


Worcester Polytechnic Institute 


Theory of the Rocket, by Dr. R. H. Goddard, Clark University. 
Election of officers. April9. Attendance 50. | 
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Engineering Societies Library 
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The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 


most of the important periodicals in its field. Itis housed in the Engineering Societies Building, 29 West Thirty- 


ninth St., New York. 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year ezcept during 


July and August when the hours are 9 a. m. to 6 p. m. 
BOOK NOTICES APRIL 1-30, 1928 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. "The Society does not assume responsi- 
bility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be eonsulted in the Engineering Societies 
Library. 


AIRCRAFT HANDBOOK. 

By Fred H. and Henry F. Colvin. 3rd edition. N. Y., 
McGraw-Hill Book Co., 1928. 464 pp., illus., diagrs., 8 x 5 in., 
fabrikoid. $4.00. 


This handbook is intended primarily for the airplane mechanic. 
It contains practical information upon the operation and main- 
tenance of the standard aircraft engines of the day, upon the 
rigging and assembling of aircraft, upon aireraft instruments, 
and upon flying regulations and airport construction. 

AIRCRAFT YEAR Book, 1928. N. Y. Aeronautical Chamber of 
Commerce of America. Inc. 1928. 551 pp., illus., ports., maps, 
9x 6in., cloth. $5.25. 

Like the volumes for preceding vears, this book affords a good 
summary of the epochal flights of 1927, of the development of 
civil and governmental aviation in the United States, and of 
technical and commercial developments in the industry. For- 
eign events are reviewed, an aeronautical chronology for the 
year is given, and there are numerous tabulations of information 
frequently needed by those engaged in this field. 

Avs Dem Rerc Derer TECHNIK, v. 2. 

By Max Maria von Weber. Berlin, V. D. I. Verlag, 1928. 
336 pp., port., 5x 6in., cloth. 5.-r. m. 

The success attained by the volume of stories by this famous 
engineer novelist, which Dr. Weihe published two years ago, 
has encouraged him to prepare a second volume of selections 


from Weber's writings. The stories in it are chiefly of a histori- 


eal nature. 

Car BUILDERS’ CYCLOPEDIA OF AMERICAN Practise. Ed. 12, 
1928. Comp. & edited for American Railway Association. Me- 
chanical Division. N. Y., Simmons-Boardman Publ. Co., 1925. 
1288 pp., illus., diagrs., 12 x 9 in., fabrikoid. $5.00. 

In this edition the eyclopedia arrangement introduced in the 
tenth edition has been elaborated with good results. Each 
section now contains all the information on its subject, specitica- 
tions, drawings, illustrations and manufacturers’ data, so that 
reference is most convenient. 

The book is indispensable to anyone interested in the design 

or construction of railroad ears of any type. It brings together 
the standards and practises of the American Railway Association, 
and illustrations and drawings of cars made by the leading rail- 
road and car builders. 
CENTURY oF InpustriAL PnocnEss. Edited by Frederie 
William Wile. Garden City, N. Y., Doubleday, Doran & Co., 
for the American Institute of the City of New York, 1928. 381 
pp., 10x 7 in., cloth. $5.00. 

In commemoration of its centennial, the American Institute 
of the City of New York has issued this volume of essays upon 
the industrial progress of the last century. Thirty authorities 
contribute accounts of the evolution of our industry and com- 
merce along various major lines, such as agriculture, lumber, 
shipping, mining, steel, machinery, textiles, paper, printing, 
petroleum, merchandising, building and aviation. The book 
gives an excellent historical review of the period. 


CHEMICAL EFFECTS OF ALPHA PARTICLES AND ELECTRONS. 

By Samuel C. Lind. 2d edition. N. Y., Chemical Catalog 
Co., 1928. (Amer. Chemical Soc., Monograph series). 252 
pp., diagrs., tables, 9 x 6 in., cloth. $5.00. 

After six years, the author has found it necessary to revise 
this monograph completely and to add seven chapters. As 
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revised, the book again gives an up-to-date summary of the 
work that has been done in investigating the chemical effects 
of corpuscular radiation. 


Der Erinrtuss Der MirTrTLEREN HauPTrSPANNUNG AUF Das 
FLIESSEN DER METALLE. 
By Walter Lode. Forschungsarbeiten auf dem Gebiete des 
Ingenieurwesens, heft 303. 15 pp., illus., diagrs., 12 x 9 in., 
paper. 2,50 r. m. 


. In order to ealeulate the safe load on structural members 
subjected to complicated stresses, the designer must know what, 
under usual conditions when stresses act in all directions, limits 
the beginning of any permanent change of shape. 

Dr. Lode has investigated the so-called flow stresses, under 
which a metal of given strength undergoes permanent de- 
formation, and compared their values at various combinations 
of tension in two directions at right angles to each other. He 
has tested the various hypotheses advanced by comparing them 
with the voluminous numerical data available in the literature, 
and by new, exact experiments. Asa result, he is able to select 
a hypothesis that agrees to within 3 per cent with experimental 
determinations of the flow stresses. 

The author also discusses the question of the manner in which 
a metal undergoes permanent extension or reduetion when 
subjected to three stresses at right angles to each other. 
DRANG UND ZWANG, v, 2. 2d edition. 

By Ang. & Ludwig Foppl. Mun. u. Ber., R. Oldenbourg, 
1928. 382 pp., diagrs., tables, 10 x 7 in., cloth. 17,50 r. m. 

"Stress and strain" is written for the engineer who is already 
familiar with investigations of the resistance of materials and 
with the simpler theory as given in the ordinary texts. It is 
intended as a eontinuation of Dr. Foppl’s "Vorlesungen über 
technische Mechanik” and offers a deeper insight into the 
subject by discussion and investigation of more diflieult questions 
and more advaneed problems. 

The new edition of volume two has been extensively revised, 
especially in the seetions devoted to shells and to the torsional 
strength of bars. 

ENERGIFSPEICHERUNG. 

By W. Pauer. (Warmelehre und warmewirtschaft in ein- 
zeldarstellungen, band VI). Dresden u. Lpz., Theodor Stein- 
kopff, 1928. 179 pp., diagrs., 9 x 6 in., paper. 12,-r. m. 

A general diseussion of the methods of storing energy available 
for use in power plants. Flywheels and methods of storing 
water-power, the storage of heat in liquids and solids, and steam 
accumulators are all discussed, their properties set forth and 
their uses pointed out. The determination of maximum demands 
on power plants is considered. The book is a useful review of 
the various methods by which energy is stored, either purposely 
or as a more or less accidental byproduct. 


HavsHALT-KALTEMASCHINEN. 
By R. Plank. Berlin, Julius Springer, 1928. 96 pp., illus., 
diagrs.. 9 x 6 in., paper. 7,50r. m. 


During a tour of observation in America in 1927, Dr. Plank 
paid particular attention to household refrigeration. The 
results of his visit, together with those of his investigations of 
European apparatus, are given in this book. He points out the 
eharaeteristies of eompression and absorption maehines, de- 
seribes most of the machines on the market and eompares eriti- 
cally the two types. 

HANDBOOK OF MECHANICAL REFRIGERATION. 

By H. J. Macintire. N. Y., John Wiley & Sons, 1928. 724 
pp., illus., diagrs., tables, 9 x 6 in., fabrikoid. $7.50. 

This book aims to include all the information upon mechanical 
refrigeration which the engineer is likely to need. It presents 
some theory as a basis for the fundamental formulas as well as 
all the information required for understanding the design and 
operation of various systems. 

Starting with the compressor, the author deals with absorption 
machines, fittings, condensers, automatie machines, refrigerants, 
brine systems, water supply, erection, operation and testing. He 
then considers ice making, cold storage, air cooling and eondition- 
ing, hotel and apartment refrigeration and refrigeration in the 
chemieal industries, safety devices, fire protection, costs, spec- 
ifications, motors and engines are also discussed. 

HitrsBucH For Dik ELEKTROTECHNIK; SCHWACHSTROMAUSGABE. 

Edited by Karl Strecker. 10th edition. Berlin. Julius 
Springer, 1928. 1137 pp., diagrs., tables, 8 x 5 in., cloth. 42.- 
r. m. 


This well-known handbook, having outgrown the limits of 
a single volume, has been divided into two, covering 


INSTITUTE AND RELATED ACTIVITIES 475 


respectively heavy-eurrent engineering and weak-eurrent engi- 
neering. 

The present volume, on weak currents, contains first the 
general mathematical and electrical data common to both 
fields. Following this, the book presents a great mass of in 
formation upon wired and wireless telegraphy and telephony. 
The book is the joint effort of numerous specialists. 


INpucTIOoN Moror PRACTICE. 
By A. M. Dudley. N. Y., McGraw-Hill Book Co., 1928. 
236 pp., illus., diagrs., 9 x 6 in., cloth. $2.50. 


A discussion by a designer of induction motors, on the rota- 
ting magnetic field, the mechanical, electrical, and operating 
eharaeteristies, the control, and the cirele diagram. The 
answers to practical questions published in the Electric Journal 
are also ineluded. The book supplements the author's earlier 
work on induction motors, in which windings were considered, by 
considering matters of operation and performance. Mathemati- 
eal formulas are avoided in favor of simple language. 


LaurAL Ats Baustorr Fur FLUGZEUGE. 

By Paul Brenner. (Luftfahrtforschung, bd. 1, heft 2, 15 
Feb. 1928). München, R. Oldenbourg, 1928. 60 pp., illus., 
lixSin.,paper. 11,25r. m. 


This pamphlet gives the results of extensive tests of a new 
aluminum-eopper-silieon alloy, '*lautal." The tests undertaken 
to determine the suitability of lautal for use in aireraft eonstrue- 
tion, investigated its meehanieal properties in the ordinary 
state, the effect of various heat treatments, its resistance to 
corrosion, ete. Comparisons with duralumin are made through- 
out. The tests were made at the German Aeronautical Testing 
Laboratory in Berlin. 


MavvEL Du Mecanicien ÉLECTRICIEN. 

By H. de Graffigny. Paris, Gauthier-Villars et cie., 1928. 
27 pp., illus., 7 x 5in., boards. 15 fr. 

A manual of practical information for linesmen and power- 


house attendants. Treats of dynamo testing and operating, a-c. 
and d-e. motors, mechanical transmissions, wiring, etc. 


PHYSICS FOR COLLEGE STUDENTS. 

By A. A. Knowlton. N. Y., MeGraw-Hill Book Co., 1928. 
641 pp., illus., diagrs., tables, 9 x 6 in., cloth. $3.75. 

Dr. Knowlton has written a very interesting texthook. His 
problem has been to present the subject in a way that will 
attract and hold the attention of students of college grade who 
are not interested in physies as a basis for engineering, but as part 
of a liberal education. 

.To meet their requirements he has reseleeted and rearranged 
his materials. The traditional divisions of mechanics, sound, 
ete. have been abandoned and physies treated as a unit, with 
energy the central theme. The fundamentals of all fields are 
introdueed rapidly, and various subjeets reappear again and 
again as the student progresses. Much space is given to the 
"new physics.” 

Rise or MopEnN Puysics. 

By Henry Crew. Baltimore, Williams & Wilkins Co., 1928. 

356 pp., illus., ports., 8 x 5 in., cloth. $85.00. 


A brief, readable history of the development of physics from 
its beginnings to present times. The book is intended for readers 
who have had little previous knowledge of the subjeet; to them 
it offers an informal introduction to the science and to the men 
who have guided its development. 


THE GREAT PHYSICISTS. 

By Ivor B. Hart. Lond., Methuen & Co., 1928. 138 pp., 
diagrs., 7 x 4 in., cloth. 3/6. 

Dr. Hart’s little book is a brief, readable outline of the develop- 
ment of phvsies, told through the lives and achievements of the 
greatest physicists from antiquity to the present day. It is 
admirably adapted to the needs of the intelligent reader who 
wishes to review the main features of its evolution. 


TRANSMISSION LINE ENGINEERING. 
By W. W. Lewis. N. Y., MeGraw-Hill Book Co., 1928. 
361 pp., diagrs., tables, 9 x 6 in., cloth. $4.00. 


Discusses from both theoretical and practical points of view, 
the more important electrical problems in the calculation and 
design of transmission lines. Ineludes what is necessary for 
finding or calculating the resistance, inductance and capacity 
of transmission lines, the losses in them and their regulation and 
efficiency. Directions for calculating short-circuit currents are 
given, and connections and disturbances are discussed. Power 
limits and grounding systems are considered. 
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Engineering Societies Employment Service 
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FTETTETETLLTLETIETEITIITI 


Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 


ing with the Western Society of Engineers. 


T he serviceis available only to their membership, and is maintained as a coop- 


erative bureau by contributions from the societies and their individual members who are directly benefited. 
O ffices:—31 West 39th St., New York, N. Y.,—W. V. Brown, Manager. 
1216 Engineering Bldg., 208 W. Wacker Drive, Chicago, Ill., A. K. Krauser, Manager. 27 

67 Post St., San Francisco, Calif., N. D. Cook, Manager. 

MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 
eriod of three months and are renewable upon request. 


Names and records will remain 1n the active files of the bureau for a 
Notices for this Department should be addressed to 


MPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 16th day 


of the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available 1s published weekly and is available to 


members of the Societies concerned at a subscription of $3 per quarter, or $10 per annum, payable in advance. 
romptly as a result of publication in the Bulletin may be announced herein, as formerly. | 
CONTRIBUTIONS.— Members obtaining positions through the medium of this service are 


tions not filled 


VOLUNTAR 


Posi- 


invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year's salary; temporary positions (of one month or less) 
three per cent of total salary received. The income contributed by the members, together with the finances appropriated 
by the four societies named above will it i8 hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 


CABLE ENGINEER, to work in large middle- 
western utility on speciflcations, tests and re- 
search on underground power cable and allied 
problems. Graduate of electrical engineering 
course with one to three years' experience, not 
necessarily on cable work. Apply by letter. 
X-4927-C. 

MEN AVAILABLE 


ASSISTANT ELECTRICAL ENGINEER, 
32, married. University graduate; seven years’ 
experience, testing, construction, design of sub- 
stations, design of tower and pole lines, electrical 
calculations, estimates, studies. Now employed, 
desires connection with utility or manufacturer. 
Location, New York City or Chicago. B-8043. 

ASSISTANT PROFESSOR OF ELECTRI- 
CAL ENGINEERING, 38, married. B. S. in 
E. E. and E. E. degrees, General Electric Test 
and nine years' experience in state universities; 
desires position as head of department or professor 
of electrical engineering in a first class university 
or engineering school. Location preferred, West. 
C-4403. 

ELECTRICAL ENGINEER, graduate, 20, 
married. 1!4 years on General Electric Test in 
Schenectady. 114 years as Power Engineer and 
1] year as Distribution Engineer with public 
utility company, now occupied as Distribution 
Engineer. Desires position where there is chance 
for advancement. C-4171. 

ELECTRICAL ENGINEER, 30, married, 
desires position with public utility, consulting 
firm, where there is opportunity for advancement. 
11$ years General Electric Test; 3 years’ experience 
in design of industrial control apparatus. Wide 
knowledge of application of control. Excellent 
references. Location, New York, New Jersey. 
Southern New England. C-4263. 

ELECTRICAL ENGINEER, graduate of 
London University, with 10 years' practical 
experience here and in England, at the Westing- 
house Lamp Company, N. J., Hazeltine Corpora- 
tion, N. J., and Vickers, Ltd., England. on pro- 
duction and development work; desires a per- 
manent connection with a large corporation or 
opportunity to connect with some technical 
publication. C-846. 

APPRAISAL-ELECTRICAL ENGINEER, 
29, single. Graduate, three years' experience 
teaching electrical machinery; six summers in 
tests, design analysis, transmission, railway shop 
electrician. Electrician and electrical draftsman 
fifteen and thirteen months, respectively, in steel 
mill. Desires work in valuation with a corpora- 
tion or public service commission. Location, 
United States. C-4248-1745-Chicago. 


GRADUATE ELECTRICAL ENGINEER, 
28, single. Experience: one year motor repairing 
and house wiring, two years layout, estimate and 
drawing for electrical heating and cooking equip- 
ment, one year with large Edison company in 
New York. Preferssmall company where econom- 
ical estimate, common sense and technical judg- 
ment is required in one person. C-4397. 

ELECTRICAL ENGINEER, American born, 
technical graduate, desires position with public 
utility or industrial concern in middle west. 
] 14 years construction and maintenance; 1 \ years 
industrial control paper mill; 8 months power 
plant drafting. C-4428. 

SENIOR ELECTRICAL ENGINEER, at 
Penn State, graduating this June desires a posi- 
tion of opportunity in any commercial or lighting 
field. Location, immaterial. C-4471. 

ENGINEER, to manage. administer, and 
develop foreign utility properties. 25, graduate 
Massachusetts Institute of Technology: 4% 
years with large central station company: con- 
struction, inspection, design of stations: general 
engineering: operating and construction budgets, 
cost analyses, interconnection, rates. Location, 


Europe, North, Central, South America. Salary 
$3600, with opportunity for advancement. 
C-4411. 

ELECTRICAL ENGINEER. 28. married. 


Graduate E. E.: on year on specifications of engi- 
neering materials; one year testing and develop- 
ment of electrical instruments. Desires perman- 
ent position in the Pacific northwest. C-4431. 

SENIOR, in Eastern College, taking the elec- 
trical engineering course with cooperative training 
in engineering practice and management, would 
like position as assistant to chief engineer of small 
manufacturing concern in the metropolitan area. 
C-4457. 

EXECUTIVE ENGINEER OR MANAGER, 
39, married. Lifetime of general utility ex- 
perience with above average responsibilities. 
Last five years executive with staff 300 in three- 
quarter million meter prop ~rty, developing seven 
million doilars construction annually. Familiar 
with all types of problems. Prefer industrial 
connection affording opportunity of later buying 
interest, C-3963. 


STUDENT, graduating from college with the 
degree of electrical engineer, and who speaks 
Spanish and Italian fluently, desires a position 
with a company doing engineering work in the 
vicinity of New York City. C-4479. 

GRADUATE ELECTRICAL ENGINEER, 
22, single, of engineering department of recog- 
nized technical college, with year's experience in 
training course of large utility. Reliable, ener- 


getic. ‘good personality. Desires permanent 
position in maintenance or service department 
of industrial concern. Location, Philadelphia. 
C-4480. 

TECHNICAL GRADUATE. 23, single. In- 
dustrial electrical engineer. Four and a half 
years’ practical experience in substation and 
generating station operation and maintenance 
work. Desires connection with public utility or 
manufacturing concern. Location, east or mid- 
dle west. C-3909. 

ENGINEER, 30, married. Technical grad- 
uate In electrical engineering; 3 years' experience 
with public utility in transmission and distribu- 
tion department. comprising design as well as 
intimate public relations; also considerable radio 
engineering experience.  Desires position afford- 
ing opportunity of more extensive use of training. 
as well as substantial advancement, dependent 
upon ability. Location. east. C-1723. 

ELECTRICAL ENGINEER, technical grad- 
uate, 30. Five years with engineering depart- 
ment of large manufacturer of electric controllers: 
two years varied selling experience; one year 
drafting. central station design. Available on 
reasonable notice. B-6274. 

SENIOR STUDENT at the Cooper Union 
Institute of Technology; has had a sound training 
in electrical engineering and three months sales 
experience and about two years work at radio 
receivers, testing and assembling department. 
Would like position in sales department.  C-4153. 

DEVELOPMENT ENGINEER. B.S. degree 
electrical engineering: M. S. degree engineering 
physics. Ten years’ experience journeyman 
electrician, mechanic with large manufacturers 
and contractors. Past year with very large 
makers communicating equipment of all kinds 
as development engineer on magnetic materials. 
Desires similar position in development of electri- 
cal powerequipment. Availablee rasonable notice. 
C-2077. 


ELECTRICAL ENGINEER, single 25, B. S., 
desires permanent connection with opportunity for 
advancement. Experience: three and one-half 
years with large rapid transit company, electrical 
testing, power house and substation operation 
maintenance. Now engaged, available on short 
notice. C-4420. 


GRADUATE ELECTRICAL ENGINEER, 
now completing the design of an important power 
station isavailable for a new position. Experience 
includes testing, drafting, construction and super- 
vision of design. Will take responsible charge of 
electrical plans for steam or hydroelectric project. 
including estimates, speciflcations and reports. 
B-4022. 
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EXECUTIVE REGISTERED MECHANI- 
CAL ELECTRICAL ENGINEER, N. J. and 
Penn. Massachusetts Institute of Technology, 
Protestant, American. Engineering statistics. 
cost reduction and reorganization of industrial 
factories and power plants: Design; construction: 
maintenance; steam and water power: fire pro- 
tection; heating; ventilating: lighting; electric 
power. Operating costs reduced and factories 
enlarged without stopping operation. B-5714. 

SENIOR in electrical engineering of the grad- 
uating class of an eastern college. Desires con- 
nection leading to executive or managerial duties. 
Experience: one-half year Crocker Wheeler motor 
test and assembly, one year General Electric Test. 
C-4393. 

ELECTRICAL ENGINEER single, 34, desires 
position with engineering concern or public utility 
requiring executive ability. Ten years’ experience 
covering engineering, design, and valuation of 


power plants, substations, transmission, and 
distribution lines. Location preferred, East. 
B-389. 


ASSISTANT TO OPERATING SUPERIN- 
TENDENT, married, 28. Technical graduate, 
15 months Westinghouse course on power and 
railway work. 24 years’ computer on new elec- 
trification at Cleveland, Ohio. 15 months 
appraisal engineer on utility in Tennessee. De- 
sires permanent position with future. Location 
preferred, East or Middle West. C-3997-1659- 
Chicago. 

MECHANICAL ELECTRICAL ENGINEER, 
married, 48. 25 years’ all-round experience as 
superintendent, production, experimental and 
designing engineer, and chief draftsman in the 
manufacturing of small and medium weight 
electrical and mechanical apparatus and machin- 
ery. Last five years with large public utility 
on powr plant and substation design. Training 
would qualify for other industrial connection. 
B-2334. 

ELECTRICAL ENGINEER, married, 26. 
Technical graduate, with flve years' experience in 
switchboard and substation design and construc- 
tion.  C-4504. 

ELECTRICAL AND MECHANICAL ENGI- 
NEER, 25 years’ experience in power plant man- 
agement, steam engines and Diesel engines; 
construction and upkeep of wire nets and under- 
ground cables; test and repair of electric meters; 
building and management of power plant bat- 
teries; outlaying of interior wiring for large 
buildings. Location preferred, southwest. Avall- 
able on short notice. C-4503. 

POWER PRODUCTION MAN, married, 32. 
A successful director of personnel with executive 
training and a diversified experience of fifteen 
years in utility operation, including the super- 
vision of interconnected systems, seeks a position 
as chief operator or assistant to operating manager. 
C-4501. 

ELECTRICAL ENGINEER, 26, single, 1924 
graduate. Four years' experience in insulation 
research in a laboratory of a large concern. 
Desires a position with a public utility in which 
there is opportunity for advancement and broad 
experience. Location, United States preferred. 
C-4386. 

MANUFACTURING EXECUTIVE, Ameri- 
can, Christian. Technical graduate experienced 
in production, development, design and applica- 
tion of small electrical apparatus and instruments. 
Thoroughly familiar with all manufacturing 
features in this fleld such as planning, tool equip- 
ment, costs, wage systems, standardization 
materials and parts, methods and processes for 
low cost quality products. Sixteen years' ex- 
perience. B-2721. 

ELECTRICAL SUPERINTENDENT, 45, 
married. Electrical engineering graduate with 
15 years’ practical experience in construction 
maintenance and operation of distribution over- 
head systems; desires position as general superin- 
tendent in charge of electrical operation. Loca- 
tion preferred, Northwest. C-4513-85-C-1-San 
Francisco. 


INSTITUTE AND RELATED ACTIVITIES 


TECHNICAL GRADUATE, 32, married 
Varied experience including testing, electrical 
laboratory, substation operation. Five years 
meter and test engineer large industrial plant. 
Three years design, calibration and repair with 
manufacturer electrical instruments. Salary 
secondary to opportunity. Location, east of 
Mississippi river. C-4307. 

ELECTRICAL AND MECHANICAL ENGI- 
NEER, 33, married. S. M, M.I. T. Electrical 
and mechanical engineering experience manu- 
facturing and consulting work. Six years’ 
teaching electrical and mechanicel engineering. 
Now head departments of mechanical and electri- 
cal engineering in Southern engineering college. 
Desires position with consulting flrm or university, 


preferably north or east. C-4511. 
ELECTRICAL AND MECHANICAL 
DRAFTSMAN, 28, single, technical graduate 


with eight years’ experience covering design of 
automotive equipment, fire alarm systems, 
electric power stations and sales. Desires 
position with manufacturing, engineering or 
public utility. Location preferred, United Staves. 
C-4510. 

ELECTRICAL DESIGNER. Technically 
trained engineer and draftsman with eleven years' 
experience on design and checking of electrical 
layouts for power plants, substations and indus- 
trial power and lighting systems. 33. Married. 
C-292. 

RADIO TEST AND DEVELOPMENT de- 
sired by electrical engineer, 1928 graduate. 
Major elective in senior year, Radio Engineering. 
Prior to entering college had flve years' radio 
operating and maintenance experience. First 
class government license.  Desires connection 
with well established radio company. Salary 
secondary to opportunity for advancement. Lo- 
cation immaterial. C-4425. 

ELECTRICAL ENGINEER, Hindu, 26, 
single. Technical graduate of American State 
university; broad, varied experience through 
graduate student-engineering course, American, 
big public utility. Two years operation, main- 
tenance, construction steam, hydro power plants. 
Well acquainted American and Indian languages, 
customs, politics. Desires position in India with 
utility or manufacturing company. Indian and 
American references. C-4355. 

SALES MANAGER, 30, married, with M. E. 
in E. E. degree, available on or before September 
1st on thirty days’ notice. Eight years’ executive 
engineering experience in public utility, several 
years’ consulting engineering experience and six 
years sales experience. Now sales manager of 
large organization. Central or Ohio preferred. 
B-850. 


CHIEF ELECTRICIAN, 28, single, desires 
position as chief electrican; four years’ experience 
in operation, maintenance and new construction 
work around industrial plant; also experienced in 
remote control work; some telephone work, 
parkway and lead cables and potheads.  Ref- 
erences as to character and ability to get things 
done availabie. Location, immaterial. C-2101. 


ELECTRICAL ENGINEER, 34, single. 
Thoroughly familiar with electrical apparatus for 
central station and industrial installations. 
Experienced on connections and wiring for relay 
protection, metering, etc. Location preferred, 
New York City. A-5513. 


ELECTRICAL ENGINEER, 27, marricd, 
E. E. degree, desires position in connection with 
development of radio recciving and transmitting 
apparatus. Has had three years' experience in 
engineering department of large electrical concern 
with development of transmitting tubes up to 
largest power. Speaks and writes four languages 
fluently. Location, immaterial. HB-8230.. 


ELECTRICAL ENGINEER, 29. Four years 
iron and steel works electrical installation and 
maintenance; 1 year central station operation; 
three years oil fields electrical installation and 
maintenance; 214 years electrical design of central 
and substations: three years switchgear and 
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switchboard erection. 
or foreign. C-625. l 

ELECTRICAL ENGINEER, with eleven 
years’ broad experience in teaching and practical 
engineering work in manufacturing and public 
utility companies wishes a professorship in elec- 
trical engineering. Holds a master’s degree 
from a recognized eastern university, has been an 
associate professor for four years and seeks 
greater opportunities. B-7892. 

GRADUATE ELECTRICAL ENGINEER: 
extensive utility, construction, maintenance 
and operating experience; design and construction 
of automatic switching equipment and application 
to systems. Now with large electrical manufac- 
turing company requiring 30 days' notice, though 
shorter time may be arranged. Permanent 
connection with  middlewest utility desired. 
Range of salary, $225-$275 a month.  B-3056. 

GRADUATE ELECTRICAL ENGINEER, 
experienced on switching and associated problems. 
Design and layout of outtdoor and indoor bus and 
relaying experience. Will go anywhere on thirty 
days' notice. Utility or manufacturing connection 
preferred. Salary dependent on possibilities for 
advancement; $200-$250 per month. C-4519. 

GRADUATE ELECTRICAL ENGINEER 
having eight years' practical experience on trans- 
mission, distribution, testing and sales work is 
desirous of a connection with progressive concern. 
Willing to accept position abroad. B-7412. 

GRADUATE, B. S. in electrical engineering, 
New Hampshire University. 1925. Honor stu- 
dent; age, 22, single. Some shop experience. 
Active work preferred. Cannot do heavy lifting. 
Available, July 1st. Location, United States. 
C-4517. 

ELECTRICAL ENGINEER, 30, married, 
no children, desires work on hydroelectric con- 
struction or operation. Experience: 2 years 
hydro and 1% years steam plant operation: 
1% years substation construction: 4 years high 
head hydro-electric construction. Now chief 
electrician hydro-electric construction. Expert 
switchboard wireman. Location, immaterial; 
Japan or India preferred. C-4482. 

TECHNICAL GRADUATE, 29, single, with 
two years’ test floor and four vears' Service engi- 
neering experience with Westinghouse Electric 
and Manufacturing Company: desires position 


Location, United States 


with industrial firm or public utility. Best of 
references. B-8985. 
EXECUTIVE, electrical engineer, extensive 


experience in all departments of utility operation, 
particularly as property manager, supervisor of 
power and industrial electric heating sales, diffi- 
cult negotiations, rates and appraisals, successful 
record: has good health, personality and ap- 
pearance; desires position with utility company or 
consulting engineer. C-3061. 

ESTIMATING, ACCOUNTING, AP- 
PRAISAL ENGINEER, 27, married. Two years 
construction work, one year valuation work, 
Westinghouse graduate course. Well trained in 
public utility economics and estimating. Prefer 
engineering economic work in connection with 
public utility expansion or railway electrification. 
Location, immaterial. C-3082. 

TRANSMISSION LINES: field engineer 
experienced on all phases of transmission line 
layout, design and construction. Chief engineer 
and assistant superintendent. Reading Overbuild. 
C-4505. 

RECENT GRADUATE. B. S. in E. E., 24, 
single, desires position in research or test labora- 
tory. Two years’ experience in radio receiving 
circuits. Industrious, good personality and has 
inventiveability. Location, immaterial. C-3213. 

EXECUTIVE OR ASSISTANT ELECTRI- 
CAL ENGINEER, 44, married. Eight years’ 
power plant and substation design, public utilities; 
twelve years with consulting engineer, industrial 
plants, design, specifications, construction super- 
vision, tests, surveys, reports; desires position 
with consulting engineer, architect, or large in- 
dustry with number of plants. Location pre- 
ferred, eastern Pennsylvania. C-4045. 


478 


ELECTRICAL ENGINEER, recent technical 
graduate, desires position with public utility or 
industrial firm. Has had some practical expe- 
rience in electrical work. Reliable, industrious, 
pleasing personality, willing to learn. Does not 
expect large salary, but desires work that affords 
good chances for advancement. Location pre- 
ferred, middle west. C-4534. 

GRADUATE ELECTRICAL ENGINEER, 
varied experience: utility operating; application 
of circuit breakers, meters and relays; system 
analysis; layout and design of switching and pro- 
tection of distribution and transmission systems. 
Now desires to re-enter operating field with large 
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RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its meetings held 
May 16 and 24, 1928, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the National 
Secretary. 


To Grade of Fellow 


BARCLAY, ROBERT HAMILTON, Electrical 
Engineer, Stone & Webster, Inc., Boston, 
Mass. 

BROOKS, HENRY W., Consulting Engineer, 
1300 McPherson Bldg., Fremont, Ohio. 
ERIKSON, P. E. Assistant European Chief 
Engineer, International Standard Electric 

Corp., London, England. 

FREDERICK, HALSEY A., Engr. in charge of 
"Transmission Instruments, Bell Telephone 
Laboratories, New York, N. Y. 

GLASSCO, JOHN G., General Manager, Winni- 
peg Hydro Electric System, Winnipeg, 
Canada. 

LAWRENCE, RALPH R., Prof. of Electrical 
Machinery, Mass. Inst. of Tech., Cambridge, 
Mass. 

MERRILL, BARRETT M., Supt. of Light and 
Power, Washington Water Power Co., 
Spokane, Washington. 

MOSSAY, PAUL A, Consulting Electrical 
Engineer, 200 High Holborn, London, Eng. 

RODMAN. WALTER S, Prof. of Electrical 
Engineering, University of Virginia, Uni- 
versity, Va. 


To Grade of Member 


ALLEN, ASA A., District Engineer, General 
Electric Co., Dallas, Texas. 

BEANE, HARRY E. District Manager, The 
Bristol Company, Birmingham, Ala. 

BORCH. FREDERIK, Engr. in charge of 
High-Tension Lines and Station Design, 
Cleveland Electric Illuminating Co., Cleve- 
land, Ohio. 

BRAGG, GEORGE H., Engincer of Maintenance, 
Pacific Gas & Elec. Co., San Francisco, Cal. 

BRENTON, WALTER, Assistant Engineer, 
Portland Electric Power Co., Portland, 
Oregon. 

CHILDERHOSE, ERWIN A., Electrical Engi- 
neer, Stone & Webster, Inc., Boston, Mass. 

CONLON, WILLARD $S., Electrical Engineer, 
Jackson & Moreland, Boston, Mass. 

CONNETTE, THOMAS W., Vice President and 
General Manager, Lockport Light, Heat & 
Power Co., Lockport, N. Y. 

CURTNER, DAVID L., Assistant Professor of 
Elec. Engg., Purdue University, Lafayette, 
Indiana. 

DUETSCHER, HARRY O., Electrical Supt.. 
Union Elec. Lt. & Pr. Co., St. Louis, Mo. 


EYSTER, JAMES A., Engineer, American Tel. 
& Tel. Co., New York, N. Y. 

FOULKROD, R., Trans. and Protection Engr., 
Michigan Bell Tel. Co., Detroit, Michigan. 


INSTITUTE AND RELATED ACTIVITIES 


or medium size utility in the East. Available 
reasonable notice. Salary required, $250-$300 per 
month, dependent upon opportunities. C-4533. 

ENGINEER, 41. Seventeen years' broad and 
varied electrical and mechanical trade experience; 
powerful personality used to obtain results, 
splendid profit and sales record, strong assets; 
wishes to be permanently entrusted with the 
Interests of a United States manufacturing con- 
cern in Europe. B-8609. 

ELECTRICAL ENGINEER 30. married, 
technical graduate. Eight years' experience as 
fleld engineer with large anthracite coal mining 
company. Experienced in design. construction 


GEORGE, B. JAMES, Industrial Engineer, 
Kansas City Power & Light Co., Kansas 
City, Mo. 


HELLMAN, MAXWELL P., President, Engert- 
Hellman, Inc., New York, N. Y. 

HEMPHILL, WILLIAM, Asst. Supt. of Distri- 
bution, Buffalo General Elec. Co., Buffaio, 
N. Y. 

HERRING, THOMAS F., Sales Engineer, The 
Bristol Co., Chicago, III. 

HICKS, LESLIE R., Electrical Engineer, Chas. 
H. Tenney & Co., Boston, Mass. 

HOSAESON, DONALD B., Engr. in charge of 
Motor Development, Metropolitan Vickers 
Elec. Co., Manchester, England. 

JOHNSON, J. HUGO, Prof. of Elec. Engg., 
University of Idaho, Moscow, Idaho. 

LUFT, OLIVER L., Chief Operator of Substa- 
tions, Union Elec. Lt. & Pr. Co., St. Louis, 
Mo. 

MALINOWSKI, C. A., Elec. and Mech. Engr., 
Utah Idaho Central Railroad Co., Ogden, 
Utah. 

McCHESNEY, ROBERT W., Vice-Pres. and 
Dist. Mgr., Harry Alexander, Inc., Washing- 
ton, D. C. 

MONTGOMERY, WALLACE, Consulting Engi- 
neer, Betteravia, Calif. 

MORTON, WAL'TER B., Engineer in charge 
Electric Design Division, Alabama Power 
Co.. Birmingham, Ala. 

NEWELL, HOBART H., Instructor in Elec. 
Engg., Worcester Polytechnic Institute, 
Worcester, Mass. 

O'BRIEN, BRIAN, Research Physicist, J. N. 
Adam Hospital, Perrysburg, N. Y. 

PEASE, EDGAR R., Wire Chief, N. Y. Telephone 
Co., New York, N. Y. 

QUASS, RALPH L., Telephone Circuit Engineer, 
Bell Telephone Labs.. New York, N. Y. 
RING, SAMUEL, Asst. to Engr., N. Y. Edison 

Co., New York, N. Y. 

ROGERS, FRED A., Prof. of Physics and Elec. 
Engg., Lewis Institute, Chicago, Ill. 
SMITH, LYLE W., Elec. Engr., Sargent & 

Lundy, Chicago, Ill. 

STEINKE. JOHN J., Elec. Engr., 
Kent & Co., Rutherford, N. J. 

SUMMERS, IVAN H., Elec. Engr., 
Elec. Co., Lynn, Mass. 

TUCKER, CARLTON E., Asst. Prof. of Elec. 
Engg., Mass. Inst. of Tech., Cambridge, 
Mass. 

YOUNG, WALTER F., Lapp Insulator Co., 
LeRoy, N. Y. 


Henry R. 


General 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a higher grade than Asso- 
ciate. the grade follows immediately after the 


Journal A. I. E. E. 


and maintenance of electrical equipment. Seeks 
position with consulting engineering firm or as an 
electrical engineer with company forming an elec- 
trical department. Sales engineering may be 
considered. Locations preferred, New York or 
Philadelphia.  B-6350. 

GRADUATE ELECTRICAL ENGINEER. 
Desires position with public utility or industrial 
firm. Two years Westinghouse test; five years 
electric design of power plants and substations: 
three years assistant to electrical engineer of 
industrial firm: five years assistant to superin- 
tendent of by-product coke and water gas plant. 
B-8379. 
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name. Any member objecting to the election 

of any of these candidates should so inform the 

Secretary before June 30, 1928. 

Armitage, J. W., Hotel Traymore, Atlantic City. 
N. J. 

Ash, N. L., Pennsylvania Pr. & Lt. Oo., Allentown. 
Pa. 

Bader, H., Electrical Engineer, 14 Ivy St., Boston. 
Mass. 

Bammes, P. T., Nevada Con. Copper Co., Ruth, 
Nev. 
(Applicant for re-election.) 

Beal, J. F., Underwriters Laboratories, Inc.. 
Chicago, Ill. 

Benson, F. S., Pacific Gas & Electric Co.. San 
Francisco, Calif. 

Benson, W. W. Philadelphia Electric 
Philadelphia, Pa. 

Blair, M. L.. Washington Water Power Co. 
Spokane, Wash. 

Blum, M. M., Eastern Offices, Inc., New York, 
N. Y. 

Booze, R. W, Colorado Central Power Co. 
Golden, Colo. 

Bose, C. H., 1230 Union St., Brooklyn. N. Y. 

Brown, E. M., Electrical Contractor, Heller- 
town, Pa. 

Browne, R. C., (Fellow, Inventor, Elec. Engr. & 
Roentgenologist. Salem. Mass. 

Burr, H. C., Christian Science Publishing Society, 
New York. N. Y. 

Chafee, C. L., American District Telegraph Co.. 
Columbus, Ohio 

Chen, H., 27 East 23rd Street, New York, N. Y. 

Clayton, W. B., (Member), General Electric Co.. 
Dallas, Texas 

Cornell, E. S., Delta Star Electric Co., 
Ill. 

Cutter, C. H., Pacific Electric Mfg. Corp., San 
Francisco, Calif. 

Daniel, 'T. W., Westinghouse Elec. & Mfg. Co.. 
East Pittsburgh, Pa. 

Day, J. E., Stromberg Electric Co., Toronto, Ont., 
Can. 

Deederly, J. E., Michigan Bell Telephone Co., 
Grand Rapids, Mich. 

Dellert, J. G., Locke Insulator Corp., Philadelphia. 
Pa. 
(Applicant for re-election.) 

Drake, O. L., South Penn Colleries Co., Scranton. 
Pa. 

Du Bois, N. W., Northern Light & Power Co., Ltd.. 
Indian Head, Sask., Can. 
Duff, C. K., School of Engg., 
Toronto, Toronto, Ont., Cau. 

(Applicant for re-election.) 


Co.. 


Chicago. 


University of 


Edstrom, N. H.. Pennsylvania Power & Light 
Co., Hazelton, Pa. : 
Fetzer, J. E.. Radio Station WEMOC, Berrien 

Springs, Mich. 
Fife, S. T., Speed Scientific School, Univ. of Louis- 
ville, Louisville, Ky. 


Finley. J. G., Washington Water Power Co., 
Spokane, Wash. 


June 1928 


Fryer, J. J., Century Electric Co., Los Angeles, 
Calif. 

Geddes, G. H., Ohio Brass Co., Mansfield, Ohio 

Godfrey, C. M., Chesapeake & Potomac Tele: 
phone Co., Washington, D. C. 

Gray, A. W., Dielectric Products, Inc., Newport, 
Del. 

Grybek, J., 1575 Alice St., Oakland, Calif. 

Hal, F. W., Montreal, Light Heat & Power 
Cons., Montreal, P. Q., Can. 
Hall. R. G., American Tel. & Tel. Co., Chicago, 
1l. ` i 
Hamrick, G. R., Texas Power & Light Co., 
Dallas, Texas 

Hartley, T. K., American Tel. & Tel. Co., New 
York, N. Y. 

Heafield. G. N., Department of Telephones, 
Regina, Sask., Can. 

Heath, L. W., (Member), Pennsylvania Power & 
Light Co., Williamsport, Pa. 

Hedges, L. B., Bureau of Power & Light, City of 
Los Angeles. Los Angeles, Calif. 

Higgins, L., General Electric Co., Cleveland, Ohio 

Hodgkins, W. C., Pacific Gas & Elec. Co., Drum 
Pr. House, Alta, Calif. 

Hodgson, G. O., Edison Lamp Works, G. E. Co., 
Denver, Colo. 
(Applicant for re-election.) 

Hopper, A. J., Jr., Connecticut Light & Power Co., 
Waterbury, Conn. 

Howland, W. E., Illinois Power & Light Corp., 
Hillsboro, Ill. 

James, E. A, Pennsylvania Power House & 
Light Co., Allentown, Pa. 

Johnson, A. W., Roller-Smith Co., Bethlehem, Pa. 

Judson, C. B., Los Angeles Gas & Electric Corp., 
Los Angeles, Calif. 
(Applicant for re-election.) 

Jutson, R. P., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Kaku. J., Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. 

Kennedy, G. F., (Member), Hercules Powder Co., 
Wilmington, Del. 

Risch, J. P., Public Service Electric & Gas Co., 
Irvington, N. J. 

Langdon, G. G., General Electric Co., Schenec- 
tady, N. Y. 

Looney, W. C., (Member), Westinghouse Elec. 
& Mfg. Co., Dallas, Texas 

Lueck. I. B.. University of Wisconsin, Madison, 
Wis. 

Lupold, J. M. 
Lykens, Pa. 

McClung, J. C., Los Angeles Gas & Electric Corp., 
Los Angeles, Calif. 

Mills, C. G., Montreal Light, Heat & Power Cons., 
Montreal, P. Q., Can. 

Morrill, L. B.. General Electric Co., Boston, Mass. 
(Applicant for re-election.) 

Moses, J. V., Northwestern Bell Telephone Co.: 
Omaha. Nebr. 

Newhard, C. E., Pennsylvania Power & Light Co., 
Allentown, Pa. 

Nicholson, B. J., Westinghouse Elec. & Mfg. Co., 
Wilkes-Barre, Pa. 

Noyes, A. H., California-Oregon Power Co., 
Grants Pass, Ore. 
(Applicant for re-election.) 

Nye, I. W.,(Member), Pennsylvania Power & 
Light Co., Allentown, Pa. 

O'Bar, A. S., Dallas Power & Light Co., Dallas, 
Texas 

Osheroff, I., Chas. Mead & Co., New York, N. Y. 

Patterson, E. B., (Member), Copperweld Steel 
Co., Dallas, Texas 

Pearson. W. H., (Member), Contractor, Grande 
Prairie, Alberta, Can. 

Reber, J. F., New York Edison Co., New York, 
N. Y. 


Richardson, M. W., Mohawk Carpet Mills, Inc., 
Amsterdam, N. Y. 


Richter, H. G., (Member), Electrad, Inc., New 
York, N. Y. 


Susquehanna  Colleries Co., 


INSTITUTE AND RELATED ACTIVITIES 


Rittershofer, W., Chesapeake & Potomac Tele- 
phone Co., Baltimore, Md. 

Robinson, R. M., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 
(Applicant for re-election.) 

Robnett, V. P., Cia Cubana de Electricidad, 
Havana, Cuba 

Roos, W., Mexican Light & Power Co., Mexico, 
D. F., Mex. 

Ross, H. LaF., Otis Elevator Co., Omaha, Nebr. 

Rowan, B. J., General Electric Co., Denver, Colo. 

Santsizen, C., (Member), General Electric Co., 
Schenectady, N. Y. 

Sasscer, W. H., Philadelphia & Reading Coal & 
Iron Co., Pottsville, Pa. 

Schimmel, H. C., Hammond, La. 

Scholz, A. E., Electrical Engineer, Elizabeth, N. J. 

Scott, L. J., Consolidated Coal Co., Fairmont, 
West Va. 

Seastone, J. B., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Senn, N. E., Great Western Power Co., 
Francisco, Calif. 

Silvus, W. E., General Electric Co., Dallas, Texas 

Stamm, J. J., Pennsylvania Railroad, Altoona, Pa. 

Stanford, A. G., (Member), Robert & Co., Inc., 


San 


Atlanta, Ga. 
Stewart, W.C., General Electric Co., Schenectady, 
N. Y. 


Sullivan, R. J., Westinghouse Elec. & Mfg. Co., 
Springfield, Mass. 

Tate, V. R., Milwaukee Engineering & Mfg. Co., 
Milwaukee, Wis. 

Thomas, C. C., United Gas & Electric Co., 
New York, N. Y. 

Tiffany. A. N., Jr., Borough of Groton Water & 
Elec. Dept., Groton, Conn. 

Tobyn, J. A., Washington Water Power Co., 
Spokane, Wash. 
(Applicant for re-election.) 

Vaage, E. F., American Tel. & Tel. Co., New York, 
N. Y. 

Van Guilder, W., (Member), Stewart Warner 
Speedameter Corp., Chicago, Ill. 

Wear, W. J., I. I. E., Circuit Breaker Co., Phila- 
delphia, Pa. 

Weaver, C. J., (Member). Consulting Engineer, 
Waterford, N. Y. 

Witherow, H. M., General Electric Co., 
Lynn, Mass. 

Yanuzzi, C. A. J.. Pennsylvania Power & Light 
Co., Allentown, Pa. 

Zobrist, J. H., American Brown Boveri Electric 
Corp., Camden, N: J. 

Total 102, 


West 


Foreign 

Bhatnagar, R. D., Simla Imperial West Div., 
Public Works Dept., Simla, India 

Cangucu, A., Paulista Railway, Sao Paulo, 
Brazil, S. A. 

Cuthbert, G. T., Public Works Dept., New Zea- 
land Gov't.. Tuai, Waikaremoana, Hawkes 
Bay, N. Z. 

Eichberg, F. (Fellow), A. E. G., Berlin, Germany 
(Applicant for re-election.) 

Gunn, G. J. T., Metropolitan-Vickers Electric 
Co., Ltd., Trafford Park, Manchester, Eng. 

Kotomin. A., (Member). United States Elec. & Pr- 
Stations of Leningrad, Leningrad, Russia 

Newman, F., Shire of Hornsby, Council Cham- 
bers, Hornsby, N. S. W., Aust. 

Rangachari, T. S., Indian Intitute of 
Bangalore, India 

Simpson, A. V., 28 West Gate, Burnley, Lan- 
cashire, Eng. 

Stephanus, A. D., (Member), Westinghouse Elec. 
Int. Co., Oslo, Norway. 

Wilkinson, C. D., (Member), Mansfield Colliery, 
Mansfield, Eng. 

Wiliams, F., British Broadcasting Corp., Cardiff, 
Eng. 

Total 12. 


Science, 
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STUDENTS ENROLLED 

Amitay, Aaron, Brooklyn Polytechnic Institute 

Anderson, Elof, Oregon State College 

Andrews, Roy E., Union College 

Anthony, Raymond J., University of Pittsburgh 

Baker, Leighton S., University of Nebraska 

Bassett, Clarence E., University of Maine 

Bassett, James C., University of Arkansas 

Beasley, R. G., University of Florida 

Bector, Nauhria R., University of Iowa 

Bedard, Gabriel O., Worcester Polytechnic Inst. 

Benesovitz, Abe, University of Minnesota 

Benseler, William, The Municipal University of 
Akron 

Bowman, Cornelius P., Virginia Military Institute 

Brilmayer, Eugene W., University of Cincinnati 

Brotz, Albert J., University of Detroit 

Brower, Theron E., Lehigh University 

Bruening, John S., Johns Hopkins University 

Buchanan, Edward T., McGill University 

Burckes, Chandler H., Mass. Institute of Tech. 

Chapman, Ned M., University of Utah 

Charles, Mario C., Rensselaer Polytechnic Inst. 

Christopherson, Arnold J., University of Minn. 

Clark, C. Frederick, Iowa State College 

Cole, V. Ford, Oklahoma A. & M. College 

Cooper, George M., Carnegie Institute of Tech. 

Couch. Harvey C., Virginia Military Institute 

Coulter, Robert I., California Institute of Tech. 

Crandall, Russell K., Stanford University 

Cummings, Frederick R., Pennsylvania State 
College 

Cummings, Harold B., Jr., Georgia School of Tech. 

Datshkovsky, Joseph, Lewis Institute 

Davis, John K., Virginia Military Institute 

Decker, Murray T., Virginia Military Institute 

Dehus, John E., Engineering School of Milwaukee 

DeTata, Charles, University of Colorado 

Detwiler, Wilbur F., Engg. School of Milwaukee 

Don, David, Oregon State College 

Driscoll, John E., Worcester Polytechnic Institute 

Ely, F. Winthrop, University of Vermont 

Ermish, Lawrence D., South Dakota State School 
of Mines 

Fink, Philip F., University of Nebraska 

Fisher, Addison, University of Minnesota 

Forbes, Harold E., Georgia School of Technology 

Franklin, Samuel H., Jr., Virginia Military Inst. 

Freeman, Raymond C., University of Minnesota 

Friis, Robert, University of Minnesota 

Frutehally, Nazar, Engg. School of Milwaukee 

Gardner. Joseph B.. University of Cincinnati 

Genal, George N., Jr., Engineering School of 
Milwaukee 

Gill. Roscoe L., University of Minnesota 

Goode, Louis C., Virginia Military Institute 

Goodwin, John S., California Institute of Tech. 

Green, Duff, Jr., Virginia Military Institute 

Grierson, Cyrus A. W., Mass. Institute of Tech. 

Griffin, T., University of North Carolina 

Groebli, Robert O., University of Utah 

Gwathmey, Lomax, Virginia Military Institute 

Hales, George J., Virginia Military Institute 

Hallenstein, Nathan A., Rensselaer Polytechnic 
Institute 

Halverson, Vernon E., University of Minnesota 

Hanks, Elmer C., Virginia Military Institute 

Hanna, Robert C., Virginia Military Institute 

Haselwood, Willis E., University of Illinois 

Hertel, George M., Engg. School of Milwaukee 

Hiltner, Edward B., University of Nebraska 

Hite. Glenn O., The Municipal University of 
Akron 

Hobbs, William E., Virginia Military Institute 

Hoop, John G., University of Pittsburgh 

Horne, John W., Georgia School of Technology 

Horton, Elmer G., University of Maine 

Hubbard, Cullen P., University of Nebraska 

Hurd, Charles P., Newark College of Engineering 

Irwin, W. P., Georgia School of Technology 

Jamison, Byron C., Purdue University 

Jenkins, William F., Rice Institute 

Khanna, Mokand Lal, Engg. School of Milwaukee 

Knight, Frederick H., Worcester Polytechnic Inst. 

Krueger, Walter R., University of Minnesota 

Lang, C. Stuart, Iowa State College 

Langford, Joseph W., Univ. of New Hampshire 
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Larson, Maurice C., University of Minnesota 


Learned, Robert C., University of New Hampshire 


Levy, John L., Clarkson College of Technology 
Liu, Maoling, University of Minnesota 
Locklin, Robert B., University of Minnesota 
Lott, Arwyne O., Georgia School of Technology 
Lyons, Walter, McGill University 


MacGibbon, Kenneth H., University of Vermont 
Mandlebaum, Daniel, Rensselaer Poly. Institute 
B., University of North 


Massenburg, Walter 
Carolina 


Mayer, Francis L., University of Minnesota 


McClanahan, William H., Virginia Military Inst. 


McCluskey, Emmet J., University of Arkansas 
McFall, H. T., Virginia Military Institute 
Mellvaine William D., Jr., University of Minn. 
Metcalf, Ralph H., University of Wisconsin 
Miller, Thomas G., Pennsylvania State College 
Mills, Walter T., Stanford University 


Mitchell, Wesley L., Rensselaer Polytechnic Inst. 


Moore. Leonidas C., University of Florida 
Moss, Howard, Virginia Military Institute 
Muench, Eugene J., Washington University 
Muench, Willard H., Washington University 


Novella, Stuart A., Georgia School of Technology 


Orrick, Ernest F., Stanford University 


Perrenoud, Ernest C., South Dakota State Scliool 


of Mines 
Peterson, Randall J., University of Minnesota 


INSTITUTE AND RELATED ACTIVITIES 


Pettigrew, Albert J., Georgia School of Tech. 


Pierce, Norman J., University of New Hampshire 


Poschinger, Alfred, Engg. School of Milwaukee 
Pratt, Kenneth D., Virginia Military Institute 
Pugh, James F., Jr., Virginia Military Institute 
Raney, Donald G., University of Minnesota 


Relyea, Wilmer D., Stevens Institute of Tech. 


Reynolds, Cedric E., Jr., University of Vermont 
Rodwell, Charles R., Jr., Virginia Military Inst. 
Ross, Lauren C., Purdue University 
Rothschild, Henry, University of Kansas 
Ruling, F. Charles, Stanford University 
Sandretto, Peter C., Purdue University 
Savage, Charles F., Jr., Oregon State College 
Saxhaug, Erling B., University of Minnesota 
Schuetz, Robert F., Cornell University 
Seibold, Myron J., Carnegie Institute of Tech. 
Seto, Joe N., Harvard University 

Shimek, E. Joe, Rice Institute 


Shreeve, H. Prescott, Worcester Polytechnic Inst. 


Singer, Karl E., State College of Washington 
Skinner, Clifton R., Stanford University 

Smith, James C.. Jr., Virginia Military Institute 
Smith, Jay, Jr., Virginia Military Institute 
Smith, Levi B., Georgia School of Technology 
Specht, James E., University of Minnesota 
Spring, Arthur L., Harvard University 

Stark, John X., University of Minnesota 


Steinberg, Jacob, Brooklyn Polytechnic Institute 


Journal A. I. E. E. 


Stewart, John P., University of Minnesota 
Sulloway, Frank L., University of Vermont 
Tidmore, William E., Georgia School of Tech, 
Trammell, Robert D., Georgia School of Tech. 
Van Blarcom, Robert, Lehigh University 
Vatcher, George I., University of New Hampshire 
Wagner, Adolph W., Virginia Military Institute 
Walczak, Michael J., Rensselaer Polytechnic Inst. 
Walker, Charles M., Northeastern University 
Waller, Thornton O., Washington University 
Weinshank, Leo, Lewis Institute 
Wengen, Henry R., Mass. Institute of Technology 
Wesson, Holmes C., Jr., Virginia Military Inst. 
Whatley, Render L., Georgia School of Tech. 
Whitman, John A., lowa State College 
Wightman, John E., Jr., Lehigh University 
Wilenzick, Joseph, Georgia School of Technology 
Williams, W. Glenn, University of Minnesota 
Wilson, Robert E., Jr., Mass. Institute of Tech. 
Wilson, William M., Jr., Virginia Military Inst. 
Wodicka, Frank, College of the City of New York 
Wood, Clyde H., State College of Washington 
Wright, Robert A., Virginia Military Institute 
Wyse, Lyell S., McGill University 
Young, Arden A.. Pennsylvania State College 
Young, John William, Virginia Military Institute 
Youngblood, William C., Jr., Virginia Military 
Institute 
Zaverschnik, Max, University of Illinois 
Total 164. 


June 1928 


Officers A. I. E. E. 1927-1928 


PRESIDENT 
(Term expires July 31, 1928) 
BANCROFT GHERARDI 


JUNIOR PAST PRESIDENTS 
(Term expires July 31, 1928) (Term expires July 31, 1920) 
M. I. PUPIN C. C. CHESNEY 

VICE-PRESIDENTS 

(Terms expire July 31, 1929) 
H. M. HOBART (District No. 1) O. J. FERGUSON (District No. 6) 
B. G. JAMIESON (District No. 5) E. R. NORTHMORE (District No. 8) 
GEORGE L. KNIGH T(District No. 3) J. L. BEAVER (District No. 2) 
H. H. SCHOOLFIELD(District No. 9) A. B. COOPER (District No. 10) 
A. E. BETTIS (District No. 7) C. O. BICKELHAUPT (District No. 4) 


MANAGERS 
(Terms expire July 31, 1930) 
I. E. MOULTROP 
H. C. DON CARLOS 
F. J. CHESTERMAN 
(Terms expire July 31, 1931) 
F. C. HANKER 
E. B. MEYER 


(Terms expire July 31, 1928) 


(Terms expire July 31, 1928) 
JOHN B. WHITEHEAD 
J. M. BRYANT 
E. B. MERRIAM 


(Terms expire July 31, 1029) 
M. M. FOWLER 
H. A. KIDDER 
E. C. STONE H. P. LIVERSIDGE 


NATIONAL TREASURER NATIONAL SECRETARY 
(Terms expire July 31, 1028) 

GEORGE A. HAMILTON F. L. HUTCHINSON 
HONORARY SECRETARY GENERAL COUNSEL 

RALPH W. POPE PARKER & AARON 

30 Broad Street, New York 
PAST PRESIDENTS—1884-1927 

*NORVIN GREEN, 1884-5-6. *Henry G. Stott, 1907-8. 
*FRANKLIN L. Pope, 1886-7. Louis A. FERGUSON, 1908-9. 
*T. COMMERFORD MARTIN, 1887-8. Lewis B. STILLWELL, 1909-10. 
EDWARD WESTON, 1888-9. Ducan C. Jackson, 1910-11. 
E.inu THOMSON, 1889-90. Gano Dunn, 1911-12. 
* WILLIAM A. ANTHONY, 1890-91. RALPH D. MERSHON, 1912-13. 
*ALEXANDER GRAHAM BELL, 1891-2. C. O. MairLoux, 1913-14. 
FRANK JULIAN SPRAGUE, 1892-3. PauL M. LINCOLN, 1914-15. 
*EpwiN J. Houston, 1893-4-5. Joun J. Carty, 1915-16. 
*Louis DUNCAN, 1895-6-7. H. W. Buck, 1916-17. 
*FRANCIS BACON CROCKER, 1897-8. E. W. RICE, JR., 1917-18. 
A. B. KENNELLY, 1898-1900. COMFORT A. ADAMS, 1918-19. 
*CARL HERING, 1900-1. CALVERT TOWNLEY, 1919-20. 
*CHARLES P. STEINMETZ, 1901-2. A. W. BERRESFORD, 1920-21. 
CHARLES F. Scorr, 1902-3. WiLLIAM MCCLELLAN, 1921-22. 
Bion J. ARNOLD, 1903-4. FRANK B. JEWETT, 1922-23. 
Joun W. Lies, 1904-5. Harris J. Ryan, 1923-4. 
*SCHUYLER SKAATS WHEELER, 1905-6. FARLEY OsGoop, 1924-25. 
*SAMUEL SHELDON, 1906-7. M.I. Pupin, 1925-26. 
* Deceased. C. C. CHESNEY, 1926-27. 


LOCAL HONORARY SECRETARIES 
T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 


H. W. Flashman, Aus. a eee Elec. Co. Ltd., Cathcart House, 
11 Castlereagh St., Sydney, , Australia. 


Frederick M. Servos, Rio de Janeiro Trniways Lt. & Pr. Co., 
Rio de Janeiro, Brazil, S. A. 


Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 

A. S. Garfield, 45 Bd. Beausejour, Paris 16 E., France. 

P. W. Willis, Tata Power Companies, Bombay House, Bombay, India. 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

P. H. Powell, Canterbury College, Christchurch, New Zealand. 

Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I. E. E. Committees 


GENERAL STANDING COMMITTEES 
EXECUTIVE COMMITTEE 
. Gherardi, Chairman, 195 Broadway, New York, N. Y. 
. C. Chesney, H. A. Kidder, I. E. Moultrop, 
. A. Hamilton, G. L. Knight, E. C. Stone. 


FINANCE COMMITTEE 


. A. Kidder, Ghairm, 600 W. 59th Street, New York, N. Y. 
. Knight, . Meyer. 


MEETINGS AND PAPERS COMMITTEE 

P. Charlesworth, Chairman, 195 Broadway, New York, N. Y. 
H. Hubert, Secretary, 33 W. 39th St., New York, N. Y. 
E. Knowlton, E. B. Meyer, H. S. Osborne, 
M. MacCutcheon, L. W. W. Morrow, C. E. Skinner. 
E. Macdonald, T. A. Worcester, 
Chairman of Committee on Coordination of Institute Activities, ex-officio. 
Chairmen of technical committees, ex-officio. 

PUBLICATION COMMITTEE 
E. B. Meyer, Chairman, 80 Park Place, Newark, N. J. 
H. P. Charlesworth, F. L. Hutchinson, L. F. Morehouse. 

Donald McNicol, 
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COMMITTEE ON COORDINATION OF INSTITUTE ACTIVITIES 
G. L. Knight, Chairman, Pearl & Willoughby Sts., Brooklyn, N. Y. 
C. O. Bickelhaupt, F. L. Hutchinson, W. B. Kouwenhoven, 
H. P. Charlesworth, H. A. Kidder, E. B. Meyer. 


BOARD OF EXAMINERS 
E. H. Everit. Chairman, Southern New England Telephone Co., 
New Haven, Conn. 


H. C. Don Carlos, S. P. Grace, Charles D. Knight, 
H. W. Drake, Erich Hausmann, F. V. Magalhaes, 
F. M. Farmer, A. H. Kehoe L. W. W. Morrow, 


W. I. Slichter. 


SECTIONS COMMITTEE 
W. B. Kouwenhoven, Chairman, Johns Hopkins University, Baltimore, Md. 
J. L. Beaver, H. H. Schoolfield, Harold B. Smith. 
D. M. Simons, 
Chairmen of Sections, ex-officio. 


COMMITTEE ON STUDENT BRANCHES 
J. L. Beaver, Chairman, Lehigh University, Bethlehem, Pa. 
C. B. Magnusson, Charles F. Scott, W. H. Timbie. 
R. W. Sorensen, 
Student Branch Couselorns, ex-oficio. 


MEMBERSHIP COMMITTEE 


Harold Goodwin, 


E. B. Merriam, Chairman, General Electric Co., Schenectady, N. Y. 
R. B. Bonney, J. J. Frank, S. H. Mortensen, 
G. O. Brown, F. R. George, L. J. Stacy, 

E. S. Code, M. B. Hastings, George J. Yundt. 


George M. Keenan, 
Chairmen of Section membership committees, ex-officio. 


HEADQUARTERS COMMITTEE 
G. L. Knight, Chairman, Pearl & Willoughby Sts., Brooklyn, N. Y. 
F. L. Hutchinson, H. A. Kidder. 


LAW COMMITTEE 
C. O. Bickelhaupt, Chairman, Southern Bell Telephone & 
Telegraph Co., Atlanta, Ga. 
H. H. Barnes, Jr., E. B. Merriam, 
R. F. Schuchardt, 


i PUBLIC POLICY COMMITTEE 
H. W. Buck, Chairman, 49 Wall Street, New York, N. Y. 
Gano Dunn, John W. Lieb, M. I. Pupin. 
F. B. Jewett, Wiliam McClellan, Harris J. Ryan. 


STANDARDS COMMITTEE 
J. F. Meyer, Chairman, Bureau of Standards, Washington, D. C. 
H. E. Farrer, Secretary, 33 W. 39th St., New York. 
H. 


W. I. Slichter. 


A. Kidder, H. S. Osborne, C. E. Skinner, 
A. M. MacCutcheon, F. L. Rhodes, W. I. Slichter, 
F. D. Newbury, L. T. Robinson, R. H. Tapscott, 

Ex-O ficio 


Chairmen of Working Committees. 
Chairmen of delegations on other standardizing bodies. 
President of U. S. National Committee of I. E. C. 


EDISON MEDAL COMMITTEE 
Appointed by the President for term of five years. 
(Terms expire July 31, 1928) 


C. C. Chesney, Robert A. Millikan, M. I. Pupin, Chairman, 
(Terms expire July 31, 1929) 
N. A. Carle, Charles L. Edgar, John W. Lieb. 


(Terms expire July 31, 1930) 
Samuel Insull, 

(Terms expire July 31, 1931) 
L. F. Morehouse, 

(Terms expire July 31, 1932) 

E. B. Craft, Paul M. Lincoln, C. E. Skinner. 


Elected by the Board of Directors from its own membership for term of two years. 
(Terms expire July 31, 1928) 


George Gibbs, Ralph D. Mershon. 


John W. Howell, David B. Rushmore. 


B. G. Jamieson, H. A. Kidder, G. L. Knight. 
(Terms expire July 31, 1929) 
H. P. Liversidge, E. B. Meyer, I. E. Moultrop. 
Ex-O ficio 


Bancroft Gherardi, President, George A. Hamilton, National Treasurer, 
F. L. Hutchinson, National Secretary. 
COMMITTEE ON CODE OF PRINCIPLES OF PROFESSIONAL CONDUCT 
John W. Lieb, Chairman, 124 E. 15th Street, New York, N. Y. 
A. H. Babcock, R. D. Mershon, C. E. Skinner, 
G. Faccioli, L. F. Morehouse, John B. Whitehead. 
COMMITTEE ON AWARD OF INSTITUTE ,PRIZES 
H. P. Charlesworth, Chairman, 195 Broadway, New York, N. Y. 
E. B. Meyer, F. W. Peek, Jr. 
COMMITTEE ON COLUMBIA UNIVERSITY SCHOLARSHIPS 


W. I. Slichter, Chairman, Columbia Universitv, New York, N. Y. 
Francis Blossom, H. C. Carpenter. 
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INSTRUMENTS AND MEASUREMENTS 
Everett S. Lee, Chairman, General Electric Co., Schenectady, N. Y. 


COMMITTEE ON SAFETY CODES 
J. P. Jackson, Chairman, 130 E. 15th St., New York, N. Y. 


Philander Betts, H. B. Gear, W. T. Morrison. H. Koenig, Secretary, E. T. L., 80th St. & East End Ave., New York, N. Y. 
J. E. Brobst, F. C. Hanker, R. H. Nexsen, O. J. Bliss, F. C. Holtz, Wm. J. Mowbray, 
W. J. Canada, H. W. Leitch, Farley Osgood, P. A. Borden, I. F. Kinnard, T. E. Penard, 
J. V. B. Duer, M. G. Lloyd, H. R. Sargent, W. M. Bradshaw, A. E. Knowlton, R. T. Pierce, 
L. L. Elden, Wills Maclachlan, W. H. Sawyer, H. B. Brooks, H. C. Koenig, E. J. Rutan. 
J. C. Forsyth, R. W. E. Moore, H. S. Warren. A. L. Cook, W. B. Kouwenhoven, G. A. Sawin, 
Melville Eastham, E. B. Merriam, R. W. Sorensen, 
SPECIAL COMMITTEES W. N. Goodwin, Jr. H. M. Turner. 


LICENSING OF ENGINEERS APPLICATIONS TO IRON AND STEEL PRODUCTION 


Francis Blossom, Chairman, 52 William Street, New York, N. Y. A. G. Pierce, Chairman, 1905 Guarantee Title Building, Cleve':nd, Ohio. 
H. W. Buck, Gano Dunn, E. W. Rice, Jr. A. C. Bunker, S. L. Henderson, F.O Schnure, 
L. E. Imlay, F. B. Crosby, O. Needham, J. W. Speer, 
ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ARTS A. C. Cummins, A. G. Place, G. E. Stoltz, 
M. M. Fowler, T. S. Towle. 


J. P. Jackson, Chairman, 130 E. 15th Street, New York, N. Y. 
Randolph H. Nexsen, George K. Thompson. 
TECHNICAL COMMITTEES 


AUTOMATIC STATIONS 
Chester Lichtenberg, Chairman, 6901 Elmwood Ave., Philadelphia, Pa. 


P. H. Adams P. E. Hart, O. Naef, 
Caesar Antoniono, Joseph Hellenthal, E. W. Seeger, 
C. A. Butcher, S. J. Lisberger, E. C. Stone, 
M. S. Coover, G. H. Middlemiss, L. J. Turley, 
W. P. Hammond, W. H. Millan, F. Zogbaum. 
COMMUNICATION 


H. W. Drake, Chairman, Western Union Telegraph Co., 195 Broadway, 
New York, N. Y. 


G. R. Benjamin, S. P. Grace, F. A. Raymond, 
H. P. Charlesworth, Erich Hausmann Chester W. Rice, 
F. J. Chesterman, P. J. Howe, C. A. Robinson, 
L. W. Chubb, F. H. Kroger, J. K. Roosevelt, 
J. L. Clarke, R. H. Manson, H. A. Shepard, 
C. E. Davies, R. D. Parker, J. P. Skirrow, 
R. D. Evans, S. R. Parker, H. M. Turner, 
E. H. Everit, H. S. Pheips, K. L. Wilkinson, 
D. H. Gage, F. A. Wolff. 
EDUCATION 
P. M. Lincoln, Chairman, Franklin Hall, Cornell University, Ithaca, N. Y. 
C. A. Adams, W. C. L. Eglin, Harold Pender, 
. Loring Arnold, D. C. Jackson, Jr. W. L. Robb, 
dward Bennett, J. P. Jackson, R. W. Sorensen, 
Louis D. Bliss, Charles L. Kinsloe, J. B. Whitehead, 
C. V. Christie, John Mills, W. R. Whitney, 
Nelson J. Darling, H. H. Norris, W. E. Wickenden. 
R. E. Doherty, 


ELECTRICAL MACHINERY 
F. D. Newbury, Chairman, Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 
W. W. Spratt, Secretary, Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 


C. A. Adams, W. J. Foster, H. C. Louis 
P. L. Alger, C. M. Gilt, A. M. MacCutcheon, 
B. F. Bailey, H. M. Hobart, V. M. Montsinger, 
B. L. Barns, B. G. Jamieson, E. C. Stone, 
W. M. Dann, A. H. Kehoe, R. B. Williamson. 

C. W. Kincaid 


ELECTRIC WELDING 
J. C. Lincoln, Chairman, Lincoln Electric Co., Coit Road & Kirby Ave., 
Cleveland, Ohio. 


C. A. Adams, Alex. Churchward, Ernest Lunn, 

P. P. Alexander, O. H. Eschholz, J. W. Owens, 

C. W. Bates, F. M. Farmer, William Spraragen, 

Ernest Bauer, H. M. Hobart, H. W. Tobey, 

A. M. Candy, C. J. Holslag, Ernest Wanamaker. 
C. L. Ipsen, 


ELECTROCHEMISTRY AND ELECTROMETALLURGY 
G. W. Vinal. Chairman, Bureau of Standards, Washington, D. C. 


Lawrence Addicks, E. B. Dawson, J. A. Seede, 

A. N. Anderson, F. A. J. Fitzgerald, Magnus Unger, 

T. C. Atchison, W. E. Holland, John B. Whitehead, 

Farley G. Clark, F. A. Lidbury, J. L. Woodbridge, 

Safford K. Colby, C. G. Schluederberg, J. L. Yardley. 
ELECTROPHYSICS 


V. Karapetoff, Chairman, Cornell University, Ithaca, N. Y. 
O. E. Buckley, Vice-Chairman. 
Carl Kinsley, Secretary, 22 Lynwood Road, Scarsdale, N. Y. 


V. Bush, J. F. H. Douglas, R. A. Millikan, 
F. M. Clark, C. L. Fortescue, C. A. Nickle, 
W. D. Coolidge, A. Hund, J. Slepian, 


W. F. Davidson, W. B. Kouwenhoven, Irving B. Smith, 


K. B. McEachron, J. B. Whitehead. 


Liaison Representatives of American Physical Society 
W. F. G. Swann, A. P. Wills. 


PRODUCTION AND APPLICATION OF LIGHT 
P. S. Millar, Chairman, Electrical Testing Laboratories, 80th St. 
& East End Ave., New York, N. Y. 


W. T. Blackwell, G. C. Hall, F. H. Murphy, 

J. M. Bryant, L. A. Hawkins, F. A. Rogers. 

J. R. Cravath, H. H. Higbie, B. E. Shackelford, 
W. T. Dempsey, C. L. Kinsloe, C. J. Stahl, 


A. S. McAllister, 
George S. Merrill, 


APPLICATIONS TO MARINE WORK 
W. E. Thau, Chairman, Westinghouse E. &. M. Co., 150 Broadway, 
New York, N. Y. 
R. A Beekman, Vice-Chairman. ‘ 


William Esty, G. H. Stickney. 


J. L. Wilson, Secretary, American Bureau of Shipping, 24 Old Slip, New York, 


N. Y. 
Edgar C. Alger, J. S. Jones, Wm. H. Reed, 
H. C. Coleman, A. Kennedy, Jr., Edgar P. Slack, 
E. M. Glasgow, J. B. Lunsford, H. M. Southgate, 
H. Franklin Harvey, Jr.. E. B. Merriam, C. P. Turner, 
C. J. Henschel, I. H. Osborne, Oscar A. Wilde, 
Wm. Hetherington, Jr. G. A. Pierce, R. L. Witham. 
H. L. Hibbard, 


APPLICATIONS TO MINING WORK 
W. H. Lesser, Chairman, Madeira Hill & Co., Frackville, Pa. 


F. N. Bosson, A. B. Kiser, W. F. Schwedes, 
Graham Bright, Carl Lee, E. D. Stewart, 
M. M. Fowler, John A. Malady, F. L. Stone, 

E. J. Gealy, C. H. Matthews, W. A. Thomas, 
L. C. Ilsley, F. C. Nicholson, E. B. Wagner, 


J. F. Wiggert, 
C. D. Woodward. 


G. M. Kennedy, 
R. L. Kingsland, 


H. F. Pigg, 
L. L. Quigley, 
Herbert S. Sands, 


GENERAL POWER APPLICATIONS 
A. M. MacCutcheon, Chairman, 1088 Ivanhoe Road, Cleveland. Ohio. 
E. W. Henderson, Secretary, 1088 Ivanhoe Road, Cleveland, Ohio. 
D. 


H. Braymer, P. C. Jones, D. M. Petty. 
C. W. Drake, G. A. Kositzky, H. W. Price, 
J. F. Gaskill, A. C. Lanier, H. L. Smith, 
Harry L. Grant, Austin M. Lloyd, A. H. Stebbins, 
Clyde D. Gray, W. S. Maddocks, E. C. Stone, 
C. Francis Harding, N. L. Mortensen, W. H. Timbie, 
E. W. Henderson, K. A. Pauly, F. M. Weller, 
H. D. James, W. C. Yates. 


POWER GENERATION 
W. S. Gorsuch, Chairman, 600 W. 59th Street, New York, N. Y. 
N. E. Funk, Vice-Chairman. 


Vern E. Alden, H. A. Kidder, I. E. Moultrop, 
F. A. Allner, G. L. Knight, Marion Penn, 
Robert Baker, W. H. Lawrence, F. A. Schetter, 
E. T. J. Brandon, W. S. Lee, W. F. Sims. 

Paul M. Downing, F. T. Leilich, M. L. Sindeband, 
James H. Ferry, James Lyman, A. R. Smith, 

C. F. Hirshfeld, Wiliam McClellan, T. H. Soren, 


Francis Hodgkinson, W. E. Mitchell, William M. White. 


POWER TRANSMISSION AND DISTRIBUTION 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 


Insulators.—Catalog 4, 96 pp. Describes a complete line 
of high tension porcelain insulators, including the new Lapp fog 
type pin and suspension insulators. Design data curves are also 
included. Lapp Insulator Co., Inc., LeRoy, N. Y. 

Motors.— Bulletin, 20 pp. Describes a line of two- and three- 
phase induction motors, 114 to 200 hp. These motors are of 
totally or nearly all enclosed types. American Electric Motor 
Company, Cedarburg, Wis. 

Disconnecting Switches.—A 16-page rotogravure bulletin 
describes the Matthews line of fuse switches and disconnecting 
switehes for use on lines up to and including 15,000 volts. 
Numerous applieations are pietured. The W. N. Matthews 
Corporation, 3700 Forst Park Boulevard, St. Louis, Mo. 

Switchboard Devices.— Bulletin GEA-924, 36 pp., deseribcs 
bus supports for indoor service; bulletin GEA-938, 20 pp. de- 
scribes accessories for switchboards; bulletin GEA-942, 56 pp. 
on miscellaneous air break switches, plugs and receptacles. 
General Electric Company, Schenectady, N. Y. 

Controllers.— Bulletin 110, 20 pp., entitled ‘‘Speeding Up 
Production with Automatie Control." Describes the Monitor 
lever and push button type motor controllers, and illustrates 
typical applications in various industries. The Monitor Con- 
troller Company, Baltimore, Md. 

Motor Maintenance Equipment.—Catalog 10, 36 pp. 
Describes the Martindale line of motor maintenance equipment, 
including commutator slotting devices, commutator stones and 
grinding tools, armature repair tools, ete. New and improved 
products are included. The Martindale Electric Company, 
1254 West 4th Street, Cleveland, Ohio. 

Electric Railway Devices.—Supplement to Catalog 20, 
34 pp. Describes twenty-eight new and useful mining and 
electric railway devices such as wire splicers, rail bonds, trolley 
frogs, wire clamps, trolley shoes, headlights for mines, ete. 
The Ohio Brass Company, Mansfield, Ohio. - 

Diesel Electric Drives.— Diesel Electric Drive for Tugboats, 
Bulletin GEA-447B, 12 pp.; Diesel Electric Drive for Ferry- 
boats, GEA-868, 8 pp; Diesel Electric Drive for Passenger 
and Cargo vessels, GEA-870, 8 pp.; Diesel Electric Drive for 
Tankers, GEA-871, 8 pp.; Diesel Electric Drive, GEA-867, 16 
pp.; Electrice Motor and Control Equipment for Deck Auxil- 
iaries, GEA-886, 12 pp.; Electric Motor and Control Equip- 
ment for Under-deck Auxiliaries, GEA-946, 16 pp. General 
Electrice Company, Schenectady, N. Y. 

Street Lighting Equipment.—''Ornamental Street Light- 
ing" and "Overhead Street Lighting Equipment". These cat- 
alogues give complete information on all street lighting equip- 
ment and appliances manufactured by the Westinghouse Com- 
pany, and in addition describes and illustrates the equipment 
with photographs, dimensioned line drawings, charts, and line 
drawings with each part labled. The ''Overhead" equipment 
catalogue can be distinguished from the ‘‘Ornamental” catalogue 
because it is applied strictly to utilitarian street lighting systems 
in which the current is carried to the lighting units by overhead 
wiring. Westinghouse Electric and Manufacturing Company, 
East Pittsburgh, Pa. 

Electrical Measuring Instruments.—Catalog 16, 112 pp. 
A comprehensive, illustrated brochure descriptive of Jewell 
switchboard, portable and special radio instruments. A circular 
enclosed with the catalog features the new line of Jewell “Master” 
portable and 7-inch switchboard instruments. These have 
extra large scale openings, making it easy to take readings. 
They are available as a. c. and d.e. single, double and triple 
range voltmeters, ammeters, millivoltmeters, milliammeters, and 


microammeters, and as double range d. c. and single-phase watt- 
meters. Standard scale combinations of these ‘‘Master’’ instru- 
ments are extensive and range from 25 millivolts to 750 volts, 
from 200 microamperes to 500 amperes, and from 75 watts to 
6 kw. Jewell Electrical Instrument Company, 1650 Walnut 
Street, Chicago, Ill. 
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The Kuhlman Electric Company, Bay City, Mich., 
manufacturers of power, distribution and street lighting trans- 
formers, announces the appointment of the Enterprise Electric 
Company, 1425 M Street, Lincoln, Nebraska, as representatives. 
This company will carry a stock of Kuhlman transformers for 
distribution in their territory. 

The Wagner Electric Corporation, St. Louis, has ap- 
pointed E. D. Pike as manager of the San Francisco branch 
sales office. Mr. Pike, who was formerly in charge of the Wag- 
ner Pacific: Coast service operation, has been connected with 
the company for twenty-six years. 

The Celeron Company (division of the Diamond State 
Fibre Company,) Bridgeport, Pa., in conjunction with the 
opening of its new lahoratory, and the introduction to the elec- 
trical, radio and automotive fields of Celeron molding compounds, 
announces the appointment of R. W. Wales as factory represen- 
tative on molding powders and resins. Mr. Wales previously 
had been connected with one of the largest manufacturers of 
molding compounds for fifteen years. 

The Western Red Cedar Association has appointed John 
P. Wentling as director of its research division. Mr. Wentling, 
an authority on wood technology, was previously associated with 
the Division of Forestry of the University of Minnesota. The 
research division of the association has established permanent 
headquarters at Minneapolis. Mr. Wentling’s wide experience 
and extensive training will be available to all users of wood poles. 

Cahokia Station to be Remodeled.—The Union Electric 
Light and Power Company, of St. Louis, has made plans to 
remodel the Cahokia Station. These plans include the installa- 
tion of a General Electric turbine generator of 75,000 kilowatts. 
Instead of making an addition to the present station building, 
space for the 75,000 kw. turbine will be provided by removal of a 
30,000 kw. machine. The latter unit will be removed to the 
Venice Station of the company. 

Large Westinghouse Generators for Riverbend Steam 
Station.—The Westinghouse Electric & Manufacturing Com- 
pany has under construction two steam turbo-generators, each 
of 55,000 kw. capacity for the recently announced Riverbend 
steam station of the Duke Power Company in Gaston County, 
N. C. This plant will have an ultimate capacity of probably 
600,000 hp. The Westinghouse turbines will be placed in 
operation during the summer of 1929. 

G-E Welding Two More Factory Buildings.—Two new 
factory buildings, all the structural work of which will be are- 
welded instead of riveted, are now being erected by the General 
Electric Company. One of these will be an addition to the 
General Electric plant in Bridgeport, Connecticut, and the other 
will be located at the company’s Pittsfield, Massachusetts, 
plant. These mark a second step in the General Electric 
program, recently announced, of utilizing welding in the con- 
struction of its new buildings. The first General Electric welded 
building was erected in Philadelphia, Pennsylvania, as an addi- 
tion to the switchgear manufacturing plant there. This struc- 
ture, approximately 140 feet wide, 600 feet long and 50 feet 
high, contains about 1000 tons of welded structural work, and 
is chiefly notable because of the large number of welded trusses 
used in the roof structure, and the fact that it is the heaviest 
and largest steel structure thus far welded. 
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Storage Battery Locomotives 
for Mine Safety 


The advantage of the storage-battery locomotive 
with respect to safe haulage in gassy coal mines is 
emphasized in a paper by L. C. Ilsley issued by the 
United States Bureau of Mines. In coal mining, the 
application of the storage-battery locomotive is chiefly 
in gathering service in competition with animal or 
cable-reel locomotives. The locomotive delivers empty 
cars to the rooms or working places where the coal is 
being mined and hauls the loaded cars from the rooms. 
The length of haul depends upon the distance of the 
junction point from the active workings of the mine. 
As a rule, the haulage from the junction point to the 
foot of the shaft or bottom of the slope is done by 
trolley locomotives, but in some instances, where the 
grades permit, the main-line haulage work is performed 
by storage-battery locomotives. 

Those who originally designed storage-battery loco- 
motives had no thought of safety in mind, as these 
early types of storage-battery locomotives, with open 
controller, open motor, open rheostats, flimsy head- 
lights, and crude wiring, were very dangerous electri- 
cally and not at all suitable for use in a gassy mine, says 
Mr. Ilsley. These locomotives, however, were placed 
in mines in which open lights were permitted and they 
replaced considerable animal haulage. Later, they were 
gradually introduced in mines where closed lights were 
used, but in most cases these mines were not extremely 
Sassy. 

Safety engineers gradually began to consider the 
possibilities of so changing the design of storage- 
battery locomotives, which were becoming a standard- 
ized product, that they might be used with reasonable 
safety in gassy mines. Representatives of locomotive 
manufacturers and engineers of the Bureau of Mines 
cooperated in preparing tentative standards for such 
equipment, and in November, 1919, a formal standard 
was issued. Permissible storage-battery locomotives 
have since been developed by nearly every electrical 
locomotive manufacturer and are now readily available 
to mine operators. The permissible storage-battery 
locomotive offers a high degree of safety, and has cer- 
tain inherent safety advantages not common to any 
other type of equipment. 

The simplicity and safety of this kind of equipment 
have improved continuously. Battery-box covers, 
which were weak, have been materially strengthened 


and mechanical means adopted for handling these 
heavier covers. The wiring between accessories has 
been simplified and better schemes adopted for its 
mechanical protection. Improved design of battery 
jars and battery plates has resulted in much longer 
battery life and in more reliable service. A better 
understanding of battery installation has resulted in less 
breakage of jars. 

From the first, the Bureau of Mines has looked upon 
the permissible type storage-battery locomotive with 
favor because of its inherent safety advantages. That 
its energy is self-contained and limited to the immediate 
zone of the locomotive is a safety factor of great im- 
portance. In the trolley type of equipment one neces- 
sarily uses the track return, and the danger zone from 
the return current may extend throughout the mine. 
Poor bonding or no bonding may force the return 
current back toward the face. A storage-battery loco- 
motive does not use, or need, the overhead trolley with 
its constant shock menace and fire hazard, and with the 
possibility of trolley or feeder circuits becoming a 
factor in ignition of gas or coal dust. The trolley is an 
alleged cause of some very serious disasters. A storage- 
battery locomotive does not depend upon a trailing 
cable,—a fact again very much in its favor. Although 
trailing cables have been allowed on permissible equip- 
ment, they are a constant source of worry and are the 
weakest link in the Bureau’s approval system. Loco- 
motives that depend upon a trailing cable use a trolley 
pole after they leave the immediate zone covered by the 
short length of cable. The permissible type storage- 
battery locomotive can operate in any part of a mine 
with the same factor of safety, and at night, or any time 
when not in operation, it can be brought to a point of 
absolute safety, whereas, with a wired system, the wire 
must be left behind and exposed to all the hazards of 
roof and timber falls. 


Frequency 
Standardization 

In a paper which appeared in the May, 1928 
Proceedings of the Institute of Radio Engineers, p. 579, 
under this title, J. H. Dellinger, chief of the radio sec- 
tion of the Bureau of Standards, shows that frequency 
standardization of hitherto laboratory character only 
has become of first-rank importance in reducing radio 
interference. The recent International Radio Con- 
ference recognized frequency as the cornerstone in the 
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radio structure by devoting its major attention to a 
frequency allocation to provide for the orderly develop- 
ment of all radio services. 

Because of increasing use of all available radio 
channels, particularly those for broadcasting and 
very high frequencies, the requirements of frequency 
measurements are a hundred times more rigorous than 
they were five years ago. The perfection of standards 
and measurements to the necessary accuracy requires 
the most intensive work by the Government and by 
various large organizations to produce standards and 
instruments that can be used to keep each radio station 
operating on its own channel. This development 
has been facilitated by a special cooperative plan or- 
ganized by the Bureau of Standards a year ago and 
involving the Commerce, Navy, and War Departments, 
the General Electric Co., the Westinghouse Co., 
American Telephone & Telegraph Co., Radio Corpora- 
tion of America, and the General Radio Co. 

Piezo oscillators are now available to hold radio 
station frequencies extremely constant. For instru- 
ments of this type equipped with temperature control, 
national and international comparisons have shown 
that they are reliable to a few parts in 100,000. 

This brings in sight the possibility of the use of 
special piezo oscillators in broadcasting stations, which 
will hold the frequency so close that several such sta- 
tions can operate simultaneously without heterodyne 
interference on the same frequency. This is the only 
practical scheme developed so far for solving the prob- 
lem of too many broadcasting stations. 


The use of frequency standards of this high accuracy 
is also vital to all users of very high frequencies. Many 
more high-frequency channels will become available 
when all stations use with great accuracy the best 
available frequency standards and keep the stations on 
their frequencies.—Technical News Bulletin. 


Some Leaders 
of the A. I. E. E. 


Frank G. Baum, Vice-President of the Institute 
1906-1908, pioneer in hydroelectric and transmission 
developments of the Pacific Coast, inventor, and now 
consulting hydroelectric engineer, was born at Ste. 
Genevieve, Missouri. He was graduated from Stanford 
University in 1898 with the degree of A. B. and the 
following year obtained his degree in Electrical Engi- 
neering from that same school. 


To bring the consumer and producer together is a 
most interesting economic problem of any age, and this 
was the work which Mr. Baum made the keynote of his 
remarkable career, in which he has achieved more than 
national distinction. With unusual insight, he recognized 
the fact that the greatest lossin efficiency rested with the 
intermediary between the consumer and the producer; 
he saw that if it were possible to produce, distribute, and 
consume all other products as efficiently and as simply 
as electricity, this loss would be reduced 90 per cent, and 
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upon this basis, he decided for himself that electrical 
methods would always be the ideal. To use his own 
words, he believed that “sometime in the future, a 
nation’s civilization will be measured in terms of kilo- 
watt-hours consumed per human being per year, be- 
cause as the kilowatt-hours consumed are large, so the 
non-productive inefficient labor will be small. 'There- 
fore a nation having large natural water-power need 
never fear decay." This scientific vizualizing of what 
the harnessing of water-power will do incited Mr. 
Baum's earliest work. After his graduation from Stan- 
ford University, where with true American spirit he made 
his own way, he entered the employ of the Standard 
Electric Company of California, where he determined 
line-charging currents and their reaction for three-phase 
transmission. On the basis of this and other work the 
frequency of 60 cycles and the grounded system—now 
recognized as standard—were adopted. From 1900 to 
1902 he was instructor in electrical engineering at 
Stanford University, at the same time doing special 
work in the transmission of electrical energy for the 
Bay Counties Power Company and others. In March 
1902 he became electrical engineer of the California 
Gas & Electric Corporation. Since 1907 Mr. Baum 
has practised consulting engineering with special refer- 
ence to hydroelectric power developments. 

The conception and much of the engineering outline 
of the Pit River power development of the Pacific Gas 
& Electric Company are due to Mr. Baum’s fore- 
sight and appreciation of hydroelectric possibilities. 
It was he who designed Hat Creek No. 1, Hat Creek 
No. 2 and Pit River No. 1, the 220,000-volt Pit trans- 
mission line and the great Vaca substation at the receiv- 
ingend. His work during the past two years in devel- 
oping insulators and regulation systems is outlined in 
his paper Voltage Regulation and Insulation of a Large- 
Power, Long-Distance Transmission System, for which 
the Institute in 1921 awarded its yearly transmission 
prize. 

Mr. Baum has grasped the importance of linking 
business enterprise with scientific thinking for the 
betterment of social conditions. As he himself says: 
“The best control of a utility is that which develops 
an eagerness and ability on the part of the company to 
furnish the service and an equal eagerness and ability 
on the part of the consumer to purchase the service.”’ 

He is the author of many electrical articles on the 
subject of transmission, one book entitled Alternating- 
Current Transformer and another, Atlas of U. S. A. 
Electric Power Industry. He invented the constant 
potential transmission system, by which the economic 
range of power transmission was increased to double its 
previous state, and large power transmission capacity 
was increased 50 per cent. For the past two years 
Mr. Baum has studied European electrical power in- 
dustry, and recently completed a voluminous report on 
the enlargement and extension of one of Germany’s 
largest electric utilities. 


Lightning Investigation on New England 


Power Company System 
BY E. W. DILLARD: 


Associate, A. I. E. E. 


Synopsis.—An analysis of the surges recorded during 1927 ona 
76-mi. 110-kv. double-circuit transmission line of the New England 
Power System ts presented in this paper. The surges are classified 


INTRODUCTION 


N long overhead transmission systems lightning 
disturbances constitute the greatest hazard to ser- 
vice. Perfect relay operation, even if it could 

be maintained, does not accomplish a complete cure, for 
usually system surges cause difficulties to a large number 
of users. Increasing standards of service emphasize 
the necessity of studies of lightning phenomena. 

In making such studies on the New England Power 


Fic. 1—Part or New ENGLAND SYSTEM SHOWING HARRIMAN- 
MirLBuRY LINE 


System, we have considered that three general classes of 
information should be obtained. 

1. Magnitude, extent, and character of lightning 
disturbances. 

2. Protection afforded by ground wires. 

3. Relative magnitude of surges of other than light- 
ning origin. 

DESCRIPTION OF LINE 

In an effort to get information of this nature records 
have been made of the surges occurring on the 110-kv. 
line of this company extending from Harriman, 
Vermont, to Millbury, Mass., a distance of 74.6 mi. 
A map of part of the system showing the Harriman- 
Millbury line is given in Fig. 1. 

This line was chosen for investigation because of its 

1. Electrical Engineer, New England Power Company. 


Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25-29, 1928. 


according to cause of surge-voltage damping, extent, etc. General 
conclusions are drawn regarding the nature of surges and protection 
afforded by ground wires. 


unusual construction features. The general type of 
construction is shown by Fig. 2. Horizontal arrange- 
ment was used to give better performance under sleet 
conditions, lessen the chances of ares blowing from phase 
to phase, and to give a lower height of conductors above 
ground. A ground wire was installed over one circuit 
only. The characteristics of the line are: 


Circuits................ Two three-phase 

Length... ous 14.6 mi. 

Operating voltage.. .... ..110 kv 
Frequency............... 60 cycles 
Insulator—suspension..... 8 disks 
Insulators—strain........9 disks 
Conductors.............. 4/0 copper 

Ground wires............ One 7 /16-in. crucible steel 
Transpositions........... Nine (three complete rolls) 
Conductor spacing........ 12 and 13 ft. 


Average height of conduc- 
tors above ground (entire 


-IIne)a i sese pe EROS 42.15 ft. 
Maximum elevation above 
sea level............... 2100 ft 


SURGE-VOLTAGE RECORDER INSTALLATION 
Through cooperation with the General Electric 


Fic. 2—Tower on HaRRIMAN-MiLLBunRnY 110-Kv. LINE 


Company, surge-voltage recorders were installed and 
operated during the summers of 1926 and 1927. There 
was very little lightning in 1926 after the recorders were 
installed. During 1927 unusually severe lightning 
conditions were experienced and only 1927 surge-voltage 
records are discussed in this paper. Surge-voltage 
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records are supplemented by operating data of this 
and other years. 

A total cf twenty surge recorders was installed. 
Fig. 3 shows the location of the instruments. Three 
were installed on the north line at Harriman, six at the 
first intermediate station, two at the second interme- 
diate station, six at the third intermediate station, and 
three on the south line at the Millbury station. Fig. 4 
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Fic. 4—SurGE-VoLTAGE RECORDER INSTALLATION 


is a photograph of the installation at an intermediate 
station. Fig. 5 shows a typical record obtained. 
RESULTS 


A total of 155 surge voltages was recorded between 
June 6, 1927, and October 10, 1927. These may be 
classified according to origin and maximum recorded 


voltage as follows: 
Lightning 104 maximum 900 kv. 
Switching 29 maximum 360 kv. 
Unknown 22 maximum 270 kv. 


Fig. 6 shows the number of surges recorded at various 
voltages. Only about 20 per cent of the recorded 
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lightning surges were above 450 kv. No surge-voltage 
recorder indicated a high enough voltage to cause an 
insulator flashover, but during this period 47 trip-outs 
were experienced on the line. It is believed this obser- 
vation indicates high decrement of lightning voltages 
rather than any inaccuracy of measurement. 

Fig. 7 shows the number of surges at various voltages 
segregated according to amount of damping. The 104 


Fia. 5—SURGE-VOLTAGE RECORDER FIELD RECORD 


At left, large highly-damped figure from lightning, small slightly-damped 
figure superimposed. At right small highly damped figure from lightning. 


lightning surges can be classified according to nature as 
follows: 
Highly damped TL, 
Slightly damped 
Highly damped and 
slightly damped, mixed 14, Maximum 900 kv. 


Maximum 900 kv. 
19, Maximum 670 kv. 


---- Surges of Unknown Origin 
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Fic. 6—NUMBER OF SuRGES OF DIFFERENT ORIGINS WHICH 
ExceepD Various Times NORMAL VOLTAGE VALUES 


No. highly 
damped 
No. highly No. slightly and slightly 
Cause of surge damped damped damped 
EG ig cusan ausa 71 19 14 
gL he an oe are 247 2 
COW oie eit char wees 10 12 


July 1928 


These results indicate a preponderance of highly 
damped surges both in regard to magnitude and to 
number. The inference to be drawn from this fact is 
that the surges most likely to cause flashovers are uni- 
directional. The origin of the slightly damped surges 
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Fic. 7—N UMBER OF SURGES AT Various TIMES NORMAL 
VOLTAGE 


is not definitely known. There are indications that 
they are produced locally in the instrument by the 
potentiometer arrangement used. It is not felt that 
these records should be interpreted as indicating slightly 
damped surges on the line. 


PROTECTION OF GROUND WIRE 


It is not felt that the surge-voltage-recorder data in 
regard to ground-wire protection are particularly 
conclusive. Other operating data, particularly the 
record of flashovers, give a more conclusive indication 
of the value of ground wires. During the operation 
of the line, since 1924, there have been 57 flashovers in 
which only one line was involved. Forty-four of these 
flashovers have beén on the unprotected line and 13 on 
the protected line. This would indicate a protective 
ratio for the ground wire of 3.4 to 1. 

It is probable that the surge-recorder tests would 
have been more conclusive on this point if they had been 
more comprehensive. The information obtained in 
these tests is also confused by the fact that the lines 
are transposed. 

Data from one of the intermediate stations, Barre, 
at which recorders were installed on all six conductors 
are shown in the following table. In order to eliminate 
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the effect of transposition as much as possible, only 
those surges having their highest voltage at Barre are 
included as these surges probably originated near Barre 


SuncE VorLrTíAGES Havinc THEIR HIGHEST VALUE AT BARRE 
Ground Wire is Above Conduetors 2 and 3. 
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Times Normal Voltage 


113 
114 
Average 
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and therefore their records were least affected by trans- 
position. The ground wire at this point is above and 
between conductors 2 and 3. 


It is seen that no definite conclusions as to the value 
of the ground wire can be drawn from these results. 


CONCLUSIONS 


1. Onthis system during the period of the investiga- 
tions practically all surge voltages of appreciable magni- 
tude due to lightning were unidirectional or highly 
damped and of negative polarity. 


2. No switching surge of greater than four times 
normal was found. 


3. The maximum voltage of a lightning disturbance 
does not seem to be impressed over more than a very 
limited portion of the line. More study should be 
given to this point. 


4. The data collected by the surge-voltage recorder 
do not allow definite conclusions to be drawn relative 
to ground-wire protection. Other data from operating 
records indicate worth-while protection. 


AUSTRIAN HYDROELECTRIC POWER 
DEVELOPMENT 


Official statistics recently published show that during 
1927 seven comparatively large hydroelectric-power 
stations with a mean annual capacity of at least 500 
hp. each and a total mean annual capacity of 36,000 hp. 
were constructed. The total number of large hydro- 
electric-power stations constructed in Austria since 
1919 has been increased by these activities to 78 with a 
total mean annual capacity of 178,955 hp., a turbine 
capacity of 367,937 hp., and a maximum annual output 
of 963,100,000 kw-hr. 


An average of about 20,000 hp. has thus been added 
annually for the last nine years, and developments 
during 1927 were well above the average. It is 
reliably estimated that about $7,000,000 was invested 
in water-power plants and about $700,000 in high- 
tension transmission lines during the past year.—June 
11, 1928, Commerce Report. 


Abridgment of 
Improvements in Insulation for High-Voltage 
A-C. Generators 


BY C. F. HILL 


Non-member 


Synopsis.—A discussion is given of the insulation problem in 
relation to increased size, rating, and voltages of turbo alternators, 
and some results of experimental studies are given showing the pos- 
sibilities of improving the insulation to take care of such increases. 


T. present type of turbo alternator is the result 
of but little more than 20 years’ development; 
yet the changes in such machines have been fre- 
quent and striking. The result is that machines are 
being built so much larger in size and power output 
that we hesitate to predict a limit in their sizes. But 
indefinite increase in mere bulk or mechanical size is 
undesirable, transportation being already a problem. 
We are confronted, therefore, with the desirability, 
if not the necessity, of improvements in electrical 
features which will permit increased concentration of 
energy and of the various electrical features the 
insulation problem is discussed in the present paper. 


GENERAL DISCUSSION 


While increase in voltage determines the more serious 
phase of the insulation problem, the insulation engineer 
must consider also the mechanical problem of building 
and winding the coil, as well as the effects of heat, 
temperature, and heat dissipation. The insulation 
problem is of course intimately related to the machine 
temperatures that may be used, and I? K losses must 
be conducted through the insulation. Only a radical 
increase in insulation design will permit a decided rise 
in machine temperatures, a change which would be 
very desirable at present. 

The use of hydrogen as a ventilating Medium promises 
to be a distinct advance in the control of temperatures 
by allowing approximately 25 per cent increase in 
rating at the same temperature. This change, however, 
does not affect the insulation to any extent, except in 
so far as corona action is decreased over that ex- 
perienced in the presence of oxygen.? 


Mica FOLIUM 


As insulation, the present arrangement of mica, 
paper, and bond has worked out very well in turbo 
generators, and it may be said that this combination 
made the modern generator possible. The particular 
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Mention is made of the effects of high-voltage testing and the use of 
hydrogen on the insulation problem, and finally, an explanation of a 


device for the elimination of corona formed around armature coils. 
*—k * 


type of insulation combining these three, and which is 
considered here, is mica folium. Large sheets of paper 
to which the flakes of mica adhere are built with over- 
lapping mica flakes of four or five square inches in 
area, sealed on with a bond. Until recently, the bond 
used was shellac, but lately, experimental studies have 
made it evident that a bond of recent development 
promises to be better in many respects, and has been 
adopted. The folium sheets are being built and baked 
to the desired point and are wound on the stator bar 
and ironed on with heat and pressure forming a solid 
insulation. The resultant coils are then wound into 
the stator slots. So far, the shellae bond has given 
dependable service, and has its advantages; but other 
properties of the new bond seem to give it an advantage 
for higher voltage service. 


One of the undesirable features of mica folium has 
been the tendency to swell in the slot. The defect has 
its good point, in that the coil is kept tight in the slot; 
but it has not been expected that this property was 
associated with the best electrical properties. During 
the present study, the cause of this swelling has been 
definitely associated with the high volatile content 
from the shellae and the impervious nature of the 
insulation. By making a porous insulation, these 
vapors could escape more readily, but electrical strength 
would necessarily be sacrificed to do this and it is 
therefore desirable that the defect be eliminated by some 
other means. Further studies of the internal gases 
show that very small gas pockets exist in all laminated 
insulation in which internal corona? can take place, but 
although several coils from service have been examined, 
no effects of internal corona have been found. <Any 
small amount of oxygen present would soon be con- 
sumed, and the effect of corona has been too small to 
detect. One possibility of preventing this swelling 
action suggests itself by removing all of the solvent and 
volatile content before winding the coil; dry shellac 
having excellent properties after once in the coil, but 
involves difficulties in processing. The work has been 
directed therefore more towards a new bond, which lends 
itself more readily to obtaining the desired properties. 


3. J. B. Whitehead, Gaseous Ionization, Trans. A. I. E. E., 
Vol. XLIII, 1921, p. 116. 
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POWER LOSSES 

In all high-voltage apparatus, an important property 
of the insulation is that of power losses. By this, we 
have reference to the losses produced by the oscillation 
of charges within the dielectric itself, and manifesting 
themselves as heat. These have little effect upon the 
total efficiency of the machine, but although the actual 
watts lost is not so great, they are concentrated in the 
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dielectric, raising its temperature somewhat. Con- 
tinued curing by heating tends to lower these losses by 
removal of more or less volatile material. Solvents 
would therefore be expected to play an important part 
in the production of these losses, and two possibilities 
suggest themselves in solving the problem; either to 
reduce the solvent to a minimum, or to use a solvent 
which has better dielectric properties in itself, or both. 
The ideal bond would be one which could be melted and 


applied at temperatures well above operating tempera- 
tures, using no solvent whatever. So far, the ideal bond 
has not been found, but results show that a large 
reduction in losses is possible by a choice of bond having 
low losses in itself and being soluble in a solvent of low 
loss, with a reduction of this solvent to a negligible 
quantity in the finished insulation. 

The curves of Fig. 1 show comparative data on 
standard mica folium with shellac bond, and with a 
bond recently developed along the lines mentioned 
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above. Since the actual loss in watts is of little im- 
portance, and the temperature rise of greater impor- 
tance, values of the latter are used as ordinates in the 
data. The abscissa is the time in hours that the voltage 
of 20 kv. is applied to an insulation design for 13,000- 
volt operation. Attention is directed especially to the 
importance of power losses in case higher voltage 
stresses are imposed. As a general rule in a 13,000- 
volt machine, approximately 8000 volts exists across the 
insulation. More than twice that stress is applied in 
this case, and it is evident that the losses in the stand- 
ard folium are too high; on the other hand, the 
improved bond withstands the voltage readily. Pos- 
sibly considerably higher temperatures could be used 
on the latter without sacrificing all the gain over 
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standard folium. The curves also give an idea of the 
rise in losses with temperature of the insulation. 

Fig. 2 illustrates the apparatus used in the study of 
the coils, temperatures being taken by thermocouples 
inserted in the hollow conductors of the bars. Machine 
temperatures were imitated by means of a thermostati- 
cally controlled oven and the slots by means of metal 
clamps. Gaps between clamps give the effect of 
vent ducts, gaps of 14 in., 1 in., and 7 in. being used. 

The curve of Fig. 3 is a characteristic one representing 
the variation in losses with voltage stress and brings 
out the fact that the losses increase faster than the 
voltage. Assuming the equation 

loss = E" 
n is found to be almost exactly equal to two at 5000 or 
6000 volts, but increasing gradually to approximately 
three, near the upper end of the curve. 

As mentioned above, the swelling of coils due to the 
solvent is a factor to be considered. Comparative 
tests on the two bonds in the present case are found in 
Fig. 4 for a one-half in. gap at 80 and 100 deg. cent. 
machine temperature. Curve 1 is for a standard shellac 
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folium, while No. 2 is that with the new bond. The 
processing was done in the shop to make the test 
comparable. It is evident that considerable progress 
has been made, although even a more complete removal 
of the solvent may be possible. If the surface layers 
could be preserved as will be discussed later, and the 
coil originally wound tightly in the slot, the tendency 
to remain tight, rather than loosen, is an advantage. 
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After some further tests were made, showing definitely 
the losses due to the volatile part of shellac, a coil 
with the improved bond was placed in a 100 deg. cent. 
ambient and 30,000 volts applied until temperature 
equilibrium was obtained (see Fig. 7). While some 
curing had probably occurred, the coils were tightly 
clamped during the test and this effect was believed 
tobesmall. 13,000-volt insulation was used in the test. 
Up to the present, power losses have not been considered 
in turbo insulation, but if higher voltage stresses are 
used, such losses must be considered, and it is believed 
that the results of the present study indicate that an 
increase in stress is practical, thus making possible & 
considerable increase in generated voltage. 

One very important feature of the new bond is the 
flexibility of the folium as compared with shellac; and it 
is found possible to useseveral extra layers of mica, which 
is desirable as long as the coil is good mechanically. 


BREAKDOWN TESTS 


While it is not recommended that higher voltage 
stresses be used until necessary, it is felt that the present 
studies warrant considerable increase over present 
stresses. In this connection dielectric strength under 
short-time voltage applications is of importance from 
the standpoint of both resistance to surges and to 
overvoltage testing. It will probably also be of consid- 
erable interest to engineers to know what the actual 
safety factor is for such insulation. 

Three coils of four-foot length designed for 22,000 
volts using the improved insulation were tested by 
means of six-inch tinfoil electrodes near the middle of 
the coil, the whole immersed in oil to prevent flashover. 
On a continuous rise voltage test the three coils flashed 
over at 150,000, 170,000 and 165,000 volts but did not 
puncture. A coil of 20-ft. length was then tried in air 
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and flashed over at approximately 165,000 volts on 
three tests. Itis not the dielectric strength, therefore, 
but the power losses that will determine the upper limit 
of operating voltage. 


TESTING VOLTAGES 


With higher operating voltages, overvoltage tests 
may become a problem. During the present study 
qualitative data have been obtained which show there 
Is some danger at least of damaging coil surfaces or a 
On the other 
hand, a damping effect can be used to eliminate part 
of the danger at least by utilizing the action of a corora- 
eliminating device mentioned below. 


CORONA ELIMINATION IN TURBO STATORS 


The phenomenon called corona made its appearance 
in machines as soon as voltages were developed of the 
order of 5000 or 6000 volts from conductor to ground. 
The evidence of its presence is furnished by the odor 
associated with ozone, which is a product of the action 
of corona on the oxygen of the air and it is visible to 
the eye under favorable conditions. While the coil is 
mechanically tight in the slot, there still exists some very 
small air-gaps due to manufacturing tolerances and 
irregularities of the surfaces in contact and these 
minute gaps are over-stressed, producing corona. 

So far, all evidence points to the fact that the actual 
danger from corona is slight, but there are some reasons 
why it should be removed if possible, as, forexample, the 
coil could be held rigidly in the slot without permitting 
expansion as occurs when the slot liner and wrapper are 
eaten away. This will eliminate also the uncertainty 
in the minds of some designers and operators and finally 
may help to reduce effects of testing voltage. As 
much as 15 years ago, engineers began to feel uneasy 
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about its effects on insulation and the problem of its 
elimination was considered. It was evident that all 
that was necessary was to remove the voltage stress 
in the air-gap, which could be done by bringing ground 
potential to the surface of the solid insulation by 
making the surfaceaconductor. Accordingly, metallic 
paints and tinfoil were tried and actually put into 
some machines. The tinfoil was applied with an outer 
covering of cotton tape, and was grounded at but one 
point; otherwise, the steel laminations would be short- 
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circuited. The paints were usually too high in resis- 
tance to be efficient. Along with the difficulties of 
applying and the fact that corona in mica-insulated 
machines without this kind of protection did little 
damage, the problem was dropped as mica was generally 
used. However, it has seemed more and more desirable 
to remove the corona if such could be done without too 
much difficulty, and with the possibility of higher 
generated voltages, the problem will become even more 
important. For this reason the present study has been 
extended to include the problem. 

Some features of a solution of the corona problem are 
self-evident. The conducting film to be placed on the 
coil must be continuous and adhere to the insulation 
surface. Further, the resistance of the film must be 
large enough to prevent eddy currents, and in case 
of grounding at more than one point, should also be 
high enough to prevent circulating currents. Metallic 
films in general fall in a class with resistances too low 
to be used, and at best could be grounded at but one 
point. In case this ground was broken most of the 
effectiveness of the film might be lost. For this reason, 
a film of resistance sufficiently high to permit of more 
or less continuous grounding throughout the slot is 
ideal. The upper value of resistance is determined by 
a maximum value which will permit a charging of the 
condenser between the conductor and film to the full 
potential of the machine during a half cycle. Calcula- 
tions show that the resistance per unit length of coil 
can be as much as a megohm even for relatively few 
grounding points. On the other hand, a minimum of 
1000 or 2000 ohm per in. length of coil is sufficient to 
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A = No attempt at elimination 
B = Effects of graphite paint 
C = Complete set-up 


eliminate eddy and circulating currents so that a wide 
range of workable resistance exists. 

One special graphitic paint has been found which is 
practical and can be used throughout the slot allowing 
continuous grounding if desired. Corona exists at the 
end of this layer, however, and a special device, extending 
a few inches beyond the end of this layer to damp out 
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the end effect, consists of a high-resistance, 100- to 500- 
megohms per inch length of coil, electrically connected 
to the graphitic layer. Capacity currents flowing out 
into this high resistance can be made to damp out 
or lower the voltage along the damping layer, sothatthe 
voltage at the end is below the ionizing voltage of air. 
Fig. 8 gives an idea of the effectiveness of the complete 
device under 30,000 volts. 

Four or five inches of this damping layer will take care 
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of 30,000 volts. Fig. 10 is a sketch of the arrangement 
at the end of the slot. 


CORONA IN END WINDINGS 


A problem which has caused some discussion in 
the past has to do with the formation of corona on the 
metal parts of the structure bracing the end windings. 
So far, this problem has not been of much importance 
for the type of bracing used with mica folium coils, 
as enough insulation could be used between the metal 
parts and the coils so that operating voltages could pro- 
duce at most only a soft, harmless corona. The ques- 
tion may be revived, however, with voltage increases 
in machines, but the problem in any case cannot be 
considered serious, since types of bracing can be used 
in which extra insulation can be added to bring the 
stresses in the air-gap below the corona point. Itisa 
simple matter to calculate the air-gap stresses on the 
basis of the insulation thickness and dielectric constants 
or, in other words, to calculate the insulation thickness 
necessary. The metal parts in such cases are to be 
assumed to be at ground potential;—that is, at the 
average of thecoil potentials,—thus guaranteeing that no 
high voltages will be built up across the insulation at 
any point. From this point of view it is necessary to 
ground all metal parts, but in general this is more 
important, in thatit permits better mechanical features. 

Reference was made above to the effects of corona 
in hydrogen on insulation. The usual deterioration of 
organic material in the presence of air under corona is 
due chiefly to oxidation. With hydrogen, this effect 
will be absent and so long as the arc temperatures are not 
too high the bad effects usually associated with corona 
should disappear where they actually strike the insula- 
tion. Even intense corona has been found to have but 
slow effect under short tests of a few weeks. 

For the same reason, the absence of oxygen protects 
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laminated insulation from the action of internal corona. 


SUMMARY 


A summary of the above discussion may be made as 
follows: | 

1. That as generated voltages are increased, it may 
become necessary to use higher voltage stresses in volts 
per mil thickness of the insulation, which in turn may 
necessitate the use of a lower power factor material in 
order that excessive heating be avoided. 

2. That a very decided improvement in this prop- 
erty can be obtained for mica folium by a choice of bond 
containing only a negligible amount of a low loss solvent 
or other volatile material. 

3. That the reduction of the solvent decreases the 
tendency of such coils to expand, and it has been found 
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that the swelling is reduced to a small fraction of that 
of older insulations. 


4. That the factor of safety to puncture as deter- 
mined by continuous rise voltage tests is considerably 
more than is ordinarily considered necessary for most 
applications, and that the results indicate higher stresses 
on miea folium could be used. 


9. That so far the effects of corona not having 
been serious and in no case the mica affected, yet to 
protect the organic surface of the coil, it may be de- 
sirable to eliminate corona at present voltages as well 
as at higher voltages. In hydrogen, it will not be so 
important. 


6. Thata method of eliminating corona on armature 
coils has been devised which is believed to be practical. 


Operating Experience with High-Speed Oil 


Circuit Breakers 
BY B. F. BARDO! 


Non-member 


Synopsis.— This paper outlines the experience of the New York, 
New Haven and Hartford Railroad with three high-speed oil circuit 
‘breakers which were installed in 1925 to serve an electrified branch 
line carrying freight and passenger tra ffic, both local and through. 

Satisfactory operation of paralleling commercial ‘communication 
circuits, as well as of its own, presented an immediate problem, which 
after study outlined in the paper, finally yielded, and theanswer, in 
part, was high-speed circuit breakers. The electrical and mechanical 
characteristics of these are set forth 1n detail and illustrated. 

A number of tests of the circuit breakers, and communication 
circuils made by short-circuiting the 11,000-volt lines on the branch 
showed currents up to 3000 amperes, and openings in from one-half 
to one aud one-half cycles, with satisfactory operation of commercial 
and railroad communication plant. 


CHARACTER OF SERVICE AND ELECTRIFICATION 


EFORE discussing in detail the New Haven 

B Railroad's experience with high-speed oil circuit 

breakers, it will be of interest to review briefly the 
reasons for their installation. 

In the latter part of 1924, decision was made to 
electrify the Danbury Branch, comprising 23.82 mi. of 
main, along with 5.1 mi. of passing or side track between 
South Norwalk, Conn., in the New Haven's electric 
zone, and Danbury, Conn. ‘The service at that time 
consisted of an average of six passenger trains, two 
through freight trains, one milk train, and one local 
freight train per day in each direction. The system of 
electrification was to be essentially the same as that in 
use on the main line, between New York and New 

]. Supt. of Elee. Transmission, N. Y., N. H. & H. R. R. Co., 
New Haven, Conn. 
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A detailed record of the service operations of the circuit breakers 
along with a statement of failures 1s given. [t 18 proper to say thal 
the latter were more numerous 1n the early days of their use than they 
have been in recent months, and that a number of the faults are 
chargeable tot he railroad's urgent need for the equipment, thereby 
considerably limiting the development and testing time desired by 
the manufacturer. 

While it was not discussed in detail in the paper it goes without 
saying that in the design and installation of the circuit breakers 
safely was a paramount consideration. The illustrations will 
provide an index of this in the general arrangement of equipment, and 
also in the screen placed horizontally around the structure at the 
floor level to prevent curious small boys from climbing in to 
investigate. 


Haven, Conn., namely, 11,000 volts, single-phase, 25 
cycles, using an overhead contact wire and track rail 
return. A schematic diagram of the distribution 
system, as finally adopted, is shown in Fig. 1. 


COMMUNICATION FACILITIES 


On the branch to be electrified the New Haven had 
open wire communication circuits used by the Western 
Union Telegraph Company and itself respectively. 
Furthermore, on private property immediately adjoin- 
ing and paralleling the company’s right-of-way for 
nearly half of the distance and on public highway for 
the balance of the distance was a commercial open 
wire telephone line, this being more or less spread out in 
the vanous towns along the way. Therefore, an 
immediately important problem was to decide how best 
to provide for satisfactory operation of paralleling 
commercial and its own communication circuits, and 
at the same time not make the electrification itself too 
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involved, from an operating standpoint, or too expen- 
sive from a maintenance standpoint. 


STUDIES MADE 


Various schemes were studied involving the use of 
reactors in the trolley and feeder circuits at South 
Norwalk (see Fig. 1), along with booster transformers, 
balancing transformers, and supplementary return 
circuit, independent of the running rails; the induced 
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voltages and other effects in each case being based upon 
the average duration of short circuit as determined 
by oil circuit breakers standard elsewhere in the elec- 
trified zone. The results of these studies indicated 
that the electrification and the communication cir- 
cuits could be so designed that they would operate 
satisfactorily, using existing standard circuit breakers 
to interrupt short circuits, but this involved the installa- 
tion of a number of series booster transformers, which 
were not desirable from railroad operating point of view. 


At this point the installation of high-speed oil circuit 
breakers at South Norwalk was proposed, with the 
understanding that while they would not decrease the 
magnitude of the voltage induced in the communica- 
tion circuits, yet by virtue of their quick operation, they 
would materially reduce interference in both railroad 
and commercial communication circuits. It was de- 
cided that circuit breakers of this kind would be more 
desirable than booster transformers, and therefore the 
following program, satisfactory to all interests, was 
adopted: 

a. Place paralleling commercial communication 
circuits in cable on the public highway. 

b. Install adequate drainage on communication 
circuits on railroad right-of-way—Fig. 2. 

c. Install high-speed oil circuit breakers at South 
Norwalk together with three-ohm reactor, in trolley 
and feeder circuits respectively, and auto balancing 
transformers at South Norwalk, Branchville, and 
Danbury,—the one at Branchville to have incorporated 
with it an auxiliary unit capable of raising the voltage 
approximately ten per cent. See Fig. 1. 
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DESCRIPTION OF CIRCUIT BREAKERS 


The matter of deciding to use high-speed oil circuit 
breakers proved to be more simple than procuring them. 
Some development work had been done, but the cir- 
cuit breaker was not then in commercial production, 
and considerable pressure was required to convince the 
manufacturer that three should be built. This, 
however, was finally arranged, and they were built 
early in 1925. 

Each of these carries a normal rating of 800 amperes 
at 16,500 volts, 25 cycles. The maximum interrupting 
capacity approximates 35,000 amperes. Direct current 
is used for control normally at 250, but with a standby 
supply at 500 volts. The tripping operation is started by 
solenoids, of which thereare two, connected in parallel on 
the lower, and in series on the higher voltage. The 
actual tripping work isdoneby spiral springs, these being 
compressed during the closing operation by a 110-volt, 
25-cycle, single-phase motor operating through a train 
of gears. The circuit-breaking mechanism is in the 
shape of an inverted letter “T,” with a blowout coil, in 
series with the circuit to be broken, on each stationary 
contact. The entire assembly is immersed in insulating 
oil, and enclosed in a substantial sheet steel cylindrical 
tank, suitably vented. Two condenser type bushings, 
each terminating in a removable stationary contact 
within the tank carry the current, and the whole is 
supported by four angle steel legs to which are bolted 
cast iron feet. There is an individual current trans- 
former of the outdoor type for each circuit breaker, 
which is directly connected to an overload coil, also for 
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each circuit breaker. Irrespective of the location of 
the short circuit, whether on trolley or feeder, it is 
desirable to open both trolley and feeder circuit 
breaker, and this is accomplished by auxiliary con- 
tacts on each overload relay so connected that when 
one circuit breaker opens the .other will immediately 
follow, thus clearing the line. 


INSTALLATION 


Three circuit breakers were installed on a steel 
platform 27 ft. by 10 ft., with reinforced concrete house 
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directly underneath, and change-over horn-gap switches 
directly overhead. Reference to Fig. 1 will show that 
any of the three circuit breakers may be used in any 
combination, two atatime. Fig. 3 shows an elevation 
of circuit breakers as installed, and Fig. 4 of the entire 
substation of which they are a part. 


COMMUNICATION LINE PROTECTION 


The method of applying drainage to communication 
circuits is as follows: The physical circuits are drained 
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by two No. 70-A repeating coils so connected that both 
primary and secondary windings are in multiple. The 
midpoints of these windings are then connected to 
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ground through one winding of a No. 122A coil, which 
acts also as a drain on the phantom circuit. A com- 
bination such as this was installed at each end of the 
branch and at six intermediate points approximately 
uniformly spaced from each other. 


TESTS 


In the early part of October 1925 a series of tests was 
made jointly by the American Telephone and Telegraph 
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Company and the New Haven to determine the extent 
to which the high-speed circuit breakers, as well as the 
communication line drainage, etc., contributed to satis- 
factory operation. Oscillograph records of these tests 
were made, three of which are reproduced here. They 
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A. Trolley current —maximum 1000 amperes 
B. Volts across drainage at South Norwalk—maximum 48.7 amperes 


5—SHoRT Circuit AT DaANBURY—23.8 Mi. 


Fig. 5—A short circuit at Danbury, 23.8 mi. from the 
oscillograph, the latter being at point of supply, South 
Norwalk. The circuit was opened in one cycle (1/25 
sec.) and the current reached a maximum of 1000 
amperes. 

. Fig. 6—A short circuit at Wilton, 7.4 mi. from South 
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A. Feeder current—maximum 560 amperes 
B. Track current—maximum 685 amperes 
C. Induced voltage—maximum 1420 amperes 


Norwalk, showing an opening in one and one-half cycles 
at a maximum 540 amperes. 

Fig. 7—A short circuit at South Norwalk, one-half 
mile from the oscillograph, showing the circuit open in 
one-half cycle, the maximum current being 3030 
amperes. 
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CIRCUIT BREAKER OPERATION 
Considering the three circuit breakers as a group, it 
may be noted that since being put in service in July 
1925 the operation has been as follows: 


Total number of operations on grounds...... 717 
Ave. number of operations on grounds per cir- 
cuit breaker. ...... 0.00... cc cece eee 239 
Total number of other operations to 1-1-28... 750 
Ave. number of other operations per circuit 
breaker: iusso erbe exo es Ced. 250 


The circuit breakers have not operated faultlessly 
and therefore the third, or so-called spare circuit 
breaker, has been of real use, but this wasto beexpected. 
There has been on the circuit breakers as a group, 
since their installation, a total of 25 operating failures 
distributed as follows: 
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A. Trolley current —maximum 3030 amperes 
B. Induced voltage, S. N. E. Tel. Co.— maximum 180 amperes. 


Trip coils................000. 5 
Mechanical parts............. 5 
Closing motor................ 2 
Overload relay................ 1 
Indicating switch............. 2 
High-tension terminal......... 1 
Unknown..................5. 9 

Total. opere 25 


Of the above failures those due to mechanical causes 
have been most difficult to find. Adjustment in length 
of operating rod had to take into consideration proper 
sequence of events as between main and auxiliary 
contacts, along with irregularities on the main contacts 
due to arcing. If this operating rod length was not 
correct within fairly close limits the circuit breaker 
would not close and latch, although it would open satis- 
factorily. The forged steel spiral-spring ends in the 
opening mechanism received severe punishment and had 
to be made heavier. Likewise the foot castings on the 
legs had to be made of steel instead of cast iron, and the 
indicating switch operation had to be made somewhat 
more positive. In general the mechanical difficulties 
have been reflections of the very high speed of operation, 
with resultant high starting and stopping stresses. 

On the electrical side trip coil failures predominated, 
due partly to the design of the terminals, and partly to 
the fact that for some reason the tripping circuit did not 
open. The tripping current, particularly at 250 volts, 
is relatively high, and if it is not interrupted as soon as 
its work is done one can look for trip coil difficulty. 
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The overload relay failure was due to a ground on one 
of its leads caused by insulation deterioration which in 
turn was due to heat from adjacent d-c. tripping circuit 
arc. Barriers have eliminated the possibility of further 
difficulties due to this source. The motor failures were 
such as are sometimes found in motors of this nature 
and involved adjustment of short-circuiting device and 
cleaning of commutator. 

In general, the statement is justified that most of the 
faults uncovered by our operation would not have 
appeared if the manufacturer had been given more time 
to develop the design and test it completely before 
installation. 


OPERATION OF COMMUNICATION CIRCUITS 


It may be of interest to note that. the program 
outlined in paragraph three, parts a, b, and c, has 
resulted in satisfactory operation to commercial as well 
as railroad communication circuits. 
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STEAM DATA DEVELOPED BY BUREAU 
OF STANDARDS 


The properties of steam have been studied with 
respect to pressures used in engineering, turbine 
efficiency and related fields. According to the research 
expert who is now conducting cooperative investigations 
on the subject it is expected that the new data being 
developed by the Bureau of Standards, will be more 
reliable and precise than any heretofore attained. 
Also according to the statement, Congress gave the 
Bureau of Standards the specific function of determining 
the properties of materials and physical constants where 
accurate values are needed. Among the researches in 
this field 1s the cooperative research on properties of 
steam now being conducted as one of the fundamental 
problems. 

The recent increase in steam pressures used in engi- 
neering and the high efficiencies attainable in modern 
turbine installations call for data as accurate as are 
attainable. Such data are essential to further advance 
in steam engineering and the experimental investiga- 
tions are scientifically planned to give reliable data. 


When it became obvious that the enactment of the 
Swing-Johnson Bill for the development of Boulder 
Canyon could not be brought about in the last session of 
Congress, a resolution was adopted directing the 
Secretary of the Interior, with the advice of the Presi- 
dent, to appoint a board of five eminent engineers to go 
further into the feasibility of the Boulder project. This 
board had not been appointed up to June 15, but early 
action is expected when Secretary Work returns July 1. 


Abridgment of 


The Planning of Telephone Exchange Plants 


BY W. B. STEPHENSON! 


Non-member 


Synopsis.—This paper discusses procedures followed in 
planning future extensions to telephone exchange plants to care for 
increased demand for telephone service. An outline is given of the 
methods employed in forecasting future demand for telephone service 
and in determining the most efficient design of the plant to meet the 
service requirements. The uses made of engineering comparisons 
in solving the economic phases of various kinds of telephone engi- 


varying problems. Among these is the design of 

the various component parts of the telephone 
plant. This includes the design of central office build- 
ings, the design of switching and power equipment to 
be housed in these buildings, the design of the trunk 
cable system with any loading necessary in order to 
connect these buildings, and the design of the distribu- 
tion system. The distribution system includes, of course, 
the conduit, pole lines, feeder cable, distributing cable, 
house cable, etc., necessary to reach the subscriber’s 
premises and connect his station equipment with the 
switching equipment in the central office. 

Before the building can be designed in detail, how- 
ever, determinations must be made as to whether the 
building should be built at all, where the building 
should be located, when it should be ready for occu- 
pancy, what area will be served by the building, and 
how much equipment must ultimately be housed in the 
building. Before the equipment for any particular 
building can be designed, we must know what type 
of equipment should be used and about how much 
business will be handled on this equipment. Before 
the trunk plant can be properly designed, we must 
know our future plans for increasing or decreasing the 
operating centers in a city, how much business will be 
handled on this trunk plant, and the economic allo- 
eation between transmission loss in the trunk plant 
and the transmission loss in the distribution plant. 
Before the distribution plant can be designed, we must 
know our future plans for serving the area involved. In 
other words, it is evident that a large amount of broad 
preliminary planning must be done before the detailed 
design of a telephone exchange plant can be undertaken. 

It is the purpose of this paper to give a general idea 
of the methods now in use in this preliminary planning. 
The discussion will be confined to the exchange plant 
problem for the larger towns and will not go into the 
toll plant problem. 

The first step in planning a telephone exchange plant 
for a city is to determine how much business will be 


T engineering involves many widely 


1l. Southwestern Bell Telephone Company, St. Louis, Mo. 
Presented at A. I. E. E. Regional Meeting of Dist. No 7, 
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neering problems are discussed, with particular reference to location 
and size or extent of major items of plant as well as the time when 
they should be ready to give service. Emphasis is placed upon 
the importance of those factors less readily evaluated, such as service 
factors, practicability from a construction and operating stand point, 


flexibility, elc. 
* k k*k k X 


cared for. An estimate is made of the population of the 
city some 20 years in the future and also for periods of 
about 6 and 12 years. From these data, an estimate is 
made of the number and location of telephone stations 
and lines which will be in service 6, 12, and 20 years 
hence. | 

It has been found that the various parts of the city 
vary widely as a market for telephone service. One of 
the first steps in making a survey is to divide the town 
up into so-called market areas or areas which display 
somewhat the same economic characteristics. 

Field survey men then visit each block in the city. 
They make a record of all existing business and residence 
subseribers and the class of service which they take. 
They also record all businesses and residences which do 
not have service. After these surveys are completed, 
summaries are made which give very detailed informa- 
tion on the present market conditions for telephone 
service in the city. 

Periodie estimates are made of the population of the 
United States, taking into account emigration, immi- 
gration, and excess births over deaths. This estimate 
is later broken down into states and into cities. Based 
upon the above estimate, estimates are made of the 
city in question for the future periods which take into 
account not only local conditions but national trends 
as well. 

From the estimated future population and the 
estimated number of persons per family the number of 
families for the future is obtained. Based upon the 
knowledge of the city which was obtained in the survev 
and the relation between residence and business service, 
an estimate is made of the number of business stations. 
The location of these stations is also estimated from 
data which were obtained at the time the survey was 
made. 

Fig. 3 shows the estimated lines for a typical city 
for 1947, each dot representing ten lines. 

The next step in planning the exchange plant is to 


determine the number of operating centers required. 


If many operating centers are used, this will 
decrease the cost of the subscribers lines but will 
increase the central office equipment, trunk and building 
costs. On the other hand, if fewer centers are used, 
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this will increase the cost of subscribers lines but will 
decrease the other costs. 

Fig. 4 indicates the present as well as future con- 
ditions for an assumed problem. Let us assume that 
the X and Y areas are served by new dial-type equip- 
ments housed in new buildings. Careful study was 
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made before these operating centers were provided and 
it is safe to assume, therefore, that these centers will 
remain in their present locations for many years to come. 
Let us assume, however, that both the Z and M centers 
have manual equipment and have been in service for 
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many years. There is no operating center in the A 
area, this being served at present from the X center. 

In order to determine the best arrangement of 
operating centers, various trial arrangements are 
assumed. Certain costs involved in serving the city at 
the 20-year period in the future are calculated for these 
trial arrangements. All these costs are on an annual- 
charge basis. 

Fig. 6 indicates the trial arrangements which we 
might assume for our problem. It is necessary that 
these trial arrangements be chosen with great care. 
The comparison of the results of the various plans must 
give a direct comparison of the results of some possible 
arrangement with some other possible arrangement; 
in other words, each plan must differ from some other 
plan by one variable only. It will be noted that 
Plan No. 1 assumes a center at each of the X and Y 
locations and in the Z area. In Plan No. 2, a center 


TAR 


` PLAN I PLAN II PLAN III PLAN IV 
3 Centers 4 Centers 4 Centers 5 Centers 
7 Units 7 Units 7 Units 7 Units 


Fic. 6—1947 COMPARISON - 


The above arrangements are compared as regards annual charges for each 
of the following items: 


Central office equipment 
Maintenance labor 
Land 


has been added in the M area. A center has been 
added in the A area in Plan No. 3. Plan No. 4 assumes 
centers in both the M and A areas. 

The cost of the subscribers lines will decrease with the 
addition of each new center. The cost of trunks, 
central office equipment, maintenance labor, and land, 
however, will increase with each added center. 

Let us assume that these four plans have been worked 
out and that Plans No. 2 and 3 are each more economical 
than Plan No. 1 and that Plan No. 4 is more economical 
than either Plan No. 2 or Plan No. 3. 


These cost calculations are based largely on being 
able to construct an ideal plant in 1947 with no penalties 
due to the plant now in service, an obviously impossible 
condition. The results of these calculations, therefore, 
can be taken only as a broad general indication of the 
best method of serving the town. 

It will be necessary to study each major move indi- 
vidually, with these results in mind. There is no 
operating center at present in the A area and the as- 
sumed results of our cost studies for the 20-year period 
indicate that it might be possible to realize some 
economies by opening a center in this area at some 
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future date. It is known from past experience that in 
general the best time to open a new center in an area Is 
the time at which it would be necessary to make 
some major move if the center were not opened. Let 
us assume that the feeder cables serving the A section 
are located in conduit and that the last duct will soon 
be used. It would be necessary to reinforce the con- 
duit the latter part of 1928 and place additional cable 
if we continue to feed the section from the downtown 
building. The question immediately arises as to 
whether it would be better to open an A center in 1928 
rather than make this expensive conduit and cable 
addition. 

Reference is made to the estimated telephone develop- 
ment in the A and X areas for the 6-, 12- and 20-year 
periods. Based upon this development, an estimate 
is made of plant of the various classes required in both 
the X and A areas between 1929 and 1947, both with 
and without an X operating center. The annual 
charges and operating expenses involved in the two 
plans are calculated on a present-worth basis as indi- 


cated in the table below. 
PRESENT WORTH 1929-1947 
Plan I Plan II 
Operate from ''X"| Open New Office 

Aerial cable..................... $ 55,966 $ 45,812 
Underground cable............... 187,243 41,706 
Underground conduit............. 59,868 —— 
Salvage on displaced plant........ — 26,559 —42,521 
Building including house service... 28,922 108,678 
Land... vea) Wa iX. eS —— 4,306 
Central office equipment.......... 334,998 477,597 
Excess maintenance.............. -——— 69,883 
Number changes................. 2,184 14,500 
Trafficesaving.................... —— —8,496 
Excess inter-office trunks.......... —— 10,764 

"TOUS vous nd bie ESS Qe 612,622 722,229 

Excess.............. Lees 79,607 


Nore: The above does not indicate the total cost of serving the area, of 
course. The cost of much of the plant which will be required under either 
plan, has been omitted as being common to both plans. 


The above summation indicates that in so far as the 
various factors ean be evaluated, the cable and conduit 
should be reinforced rather than a new center opened. 

The annual charges both with and without the A 
center were obtained for 1928 and 1946 and were plotted 
upon a graph as indicated in Fig. 7. It is appreciated, 
of course, that this annual charge will not be a straight 
line between 1928 and 1947 but will be irregular due to 
the periodical additions of plant. The straight line, 
therefore, is only a general approximation of the actual 
conditions. 

Telephone central office buildings are built as nearly 
as possible on their “wire centers." A wire center is 
that location for an operating center at which the cost 
for subscribers lines and trunks will be at a minimum. 

The problem in the Z area is somewhat more compli- 
cated than that of the A area. This is due to the fact 
that there is a building in the Z area housing manual 
equipment. This building is a considerable distance 
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from the wire center for future development. The 
problem in the Z area might be stated specifically as 
follows: 


1. The Z area is served from one building which is 
considerably off the wire center for future development. 
The building houses one manual unit which will soon 
be filled, making it necessary to provide some major 
relief. 

2. The preliminary indications are that the Z area 
should be served from one building in the vicinity of 
the wire center, overlooking for the moment the factors 
involved in making such a move. 

We shall have to answer the following questions for 
the Z center: 

1. When the new equipment unit is started, should 
this unit be located in an addition to the present build- 
ing to conserve existing plant, or should a new building 
be erected near the wire center for the purpose of de- 
creasing future investments in plant to care for future 
growth? 

2. Should the new unit be of the manual or dial 
type? 

3. In case the new unit is to be of the dial type, 
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should enough equipment be installed for growth only 
or should enough be installed to displace the manual 
unit? 

It will be necessary to consider several possible con- 
struction programs for this area. Having determined 
the factors involved in the various programs, each one 
of these programs is analyzed carefully. Possibly one 
or more can be eliminated due to practical considera- 
tions and careful cost studies may eliminate other pro- 
grams from an economic standpoint. Taking all factors 
into account, one program is finally determined to be 
most favorable to meet the needs of the particular 
situation. 


The above discussion may have given the impression 
that the economics of the problem are given undue 
consideration. This is not the case, however. Every 
construction program must be considered from many 
other angles as well as from an economic angle. For 
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example, if one program would give better service to 
the public than another program, the program involving 
the better service will receive very careful consideration 
even though this program might not be quite as at- 
tractive from an economic standpoint as other 
programs. Some programs require large amounts of 
capital, labor and material, and it is obvious that the 
programs should be spread out to best advantage over 
a period of years. 

Any program must be considered carefully to be sure 
that it is thoroughly practicable from a construction 
and from an operating standpoint. It is also very 
desirable that existing plant be used to best advantage. 
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When such plant is in good condition and would 
continue to give good service, it is generally desirable 
that it be retained. 


It is very important that all programs for the future 
be developed in such a manner as to give a maximum 
of flexibility. A plan must be such that suitable ad- 
justments can be made economically in the event that 
the growth performance in the future is materially 
more or less than that upon which the plan is based. 
In other words, our plans for plant extension are 
considered broadly from all angles, and advantage is 
taken of the knowledge and experience which has been 
gained in the execution of similar plans in the past. 


Effect of Street Railway Mercury Arc Rectifiers 


On Communication Circuits 
BY CHARLES J. DALY: 


Associate, A. I. E. E. 


Synopsis.—T his paper describes the effects experienced on the 
lelephone circuits from the two mercury arc rectifier substations 
recently installed in Bridgeport, Conn., and shows in table form the 
relative magnitude of the interfering effects between rotating equip- 


HE application of the mercury arc rectifier for 
supplying power to street railway systems is now 
attracting a great deal of attention. In consider- 

ing such an installation the question naturally arises 
as to its effect on communication circuits. In December 
1927 all the current for the operation of the street 
railway system serving the territory in and around 
Bridgeport, Conn., was obtained for the first time from 
two mercury arc rectifier substations. A comparison 
of the relative interfering effects on the telephone 
circuits between this method and the previous method 
used for energizing this railway system was obtained 
and is described in this paper. 

Both substations were not placed in operation at the 
same time, there being an interval of about four months 
between the installation of the larger station at Bridge- 
port and that of the smaller at Stratford. During 
this interval the larger rectifier station was operating 
in parallel with the rotating equipment of the old 
generating station for a short period of time only. 
Measurements of the interfering effect of the noise 
experienced on the various types of local telephone 
circuits were made just prior to the placing in service 
of the first rectifier station and immediately after each 
substation was connected on the line, as well as after 
temporary remedial measures were applied. The mea- 
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ment and mercury arc rectifiers as a means of energizing the street 
railway system. The method and the type of apparatus used to 


reduce the effects experienced from the rectifiers are also described. 
* * * * * 


surements obtained under these various conditions of 
energizing the railway system are shown in the ac- 
companying tables. 


TYPE OF TELEPHONE PLANT 


The Bridgeport exchange is a multi-office area served 
by three sub-offices, two of which are in the same 
building located in the business center of the city within 
one-quarter of a mile of the larger rectifier substation. 
The third sub-office is located in Stratford, approxi- 
mately four miles from the Bridgeport central office 
building and within a quarter of a mile of the 
smaller rectifier substation. The interoffice trunk 
circuits connecting the Stratford telephone office with 
the Bridgeport main telephone offices are in under- 
ground lead-covered paper-insulated cables and with 
the exception of about one-half mile are parallel to 
and in the same streets with the railway system. See 
Fig. 1. 

All subscriber telephone circuits on the same streets 
with the railway circuits are in lead-covered cables or 
twisted pair wire. The greater portion of the cable 
plant is inunderground construction, although there are 
several relatively long runs where the cables are on 
poles jointly occupied with street railway circuits, and 
in a few instances on the same poles with both positive 
and negative railway feeders. There are no open- 
wire telephone circuits on the same streets with the 
street railway circuits. 

The types of telephone service provided include 
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standard individual line service on which metallic 
ringing is used, standard two-party selective and 
four-party semi-selective service, and private-branch- 
exchange service. In the selective service both the 
two-party and the four-party semi-selective types are 
provided. 

It might be well to describe in some detail the signal- 
ing circuit used with the selective type of service. 
Fig. 2 shows the schematic wiring for a two-party 
selective circuit. It can be seen that each side of the 
telephone circuit is connected through a condenser, 
usually of 1 u f. capacity, and then a ringer to ground. 
The ringer has a d-c. resistance of at least 1000 ohms 
and an impedance at 800 cycles of over 30,000 ohms. 


This connection to ground is used only for ringing 
purposes and not for transmitting the voice frequencies, 
as may be judged from the impedance in the ringing 
circuit to ground. With this arrangement the bell at 
one station can be rung independently of the one on the 
other side of the circuit. 

The four-party semi-selective service is similar to the 
two-party service described above except that two 
stations are connected to each side of the circuit. 
With this arrangement, however, both bells on the 
same side of the line are rung when the ringing current 
is imposed on that particular side of the circuit. In 
the case of the individual-line service, signaling is 
obtained on an all-metallic basis by bridging the bell 
cireuit across the telephone line. 


STREET RAILWAY SYSTEM 


The street railway system consists for the most part 
of a double-track system with the rails and earth, 
supplemented along some of the routes with negative 
feeders, as the return circuit. Fig. 1 shows the rail- 
way system within the Bridgeport and Stratford 
city limits and the relative locations of the two rectifier 
substations. An interurban line extending to New 
Haven is furnished power from the Stratford substation 
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for approximately half the distance or about seven 
miles. Another interurban line runs to Norwalk and 
is furnished power from the Bridgeport rectifier station 
for only about eight miles of its entire distance. 

At the Bridgeport station there are five six-phase 
rectifiers which are energized from an 13,900-volt, 
three-phase, 60-cycle power line and deliver 600 volts 
direct current to the street railway system. Each 
rectifier is rated for 2000 amperes. Two similar type 
rectifiers are in the Stratford substation operating 
under the same conditions and in parallel with the 
Bridgeport station. 

At the time of the writing of this paper a temporary 
filter had been installed in the street railway circuit 
in the Stratford rectifier station, but none had been 
installed at the Bridgeport rectifier station, although 
permanent filters were in the process of manufacture 
for both stations. 


METHOD OF MAKING MEASUREMENTS 


In order to determine the interfering effect experi- 
enced by the telephone subscriber under normal 
operating conditions, all measurements were made 
from the receiver terminals of the telephone instrument 
with the circuit connected through the switchboard to 
another telephone set located in the central office 
building. Measurements were obtained for various 
conditions that would be found in the practical opera- 
tion of the telephone system. Such a condition, for 
example, is where two stations, due to the cancellation 
of the service or to the moving of the subscribers, have 
to be disconnected from a standard four-party semi- 
selective circuit leaving two stations connected to the 
same side of the circuit. This gives the maximum 
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unbalance produced in this type of apparatus under the 
various operating conditions. 


RESULTS OF MEASUREMENTS 


Prior to the cutting into service of the Bridgeport 
rectifier station measurements of the noise on telephone 
circuits under various conditions were made at some 
140 locations in Bridgeport and 50 locations in Strat- 
ford. After the installation of the rectifiers, measure- 
ments were made only at representative locations. 

In Table I is shown the magnitude of noise obtained 


: before and after the Bridgeport rectifier was cut into 


service in parallel with the rotating machinery in the 
old generating station. These measurements are 
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representative of the general noise situation on the 
local telephone circuits. 


TABLE I 
NOISE UNITS 


R-bridged 
2 1 2 1 2 
75 20 50 35 100 
35 0 10 20 50 
50 20 35 35 150 
125 35 75 75 250 
75 20 35 35 100 
75 || 20 50 50 150 
70 20 40 40 135 
2 1 2 1 2 
100 20 35 75 200 
50 20 20 35 100 


R-(T & R) = Ringer and condenser connected from each side of circuit 


to ground. 

R-(T) = Ringer and condenser connected from one side of circuit 
to ground. 

R-Bridged = Ringer bridged across circuit, no ground connection. 

2- R (T) = 2 Ringers with their associated condensers connected from 
one side of circuit to ground. 

(1) = Before rectifier was cut in. 

(2) = After rectifier was cut in. 


The measurements on the private-branch-exchange 
trunk circuits also showed an increase in the order of 
125 per cent, but with the exception of three cases this 
increase was not sufficient to impair the telephone 
service seriously. In these three cases it was found 
practicable to take care of the noise by rearrange- 
ments in the telephone plant. 

On the day the Bridgeport rectifier was cut into 
service, complaints were received from a number of 
telephone subscribers on account of the noise. The 
private-branch-exchange subscribers were the first 
to report the interference which in most cases was due 
to the large increase in the noise obtaining before the 
central office operator answered. This noise was 
greatly reduced, however, after the connection was 
completed. In order to reduce the noise level on some 
of the other circuits it was necessary to clear up some 
slight unbalances in the telephone plant which would not 
have had an appreciable effect with the rotating generat- 
ing equipment furnishing the power. 

There were no appreciable effects noted on the Bridge- 
port-Stratford interoffice trunk circuits. 

When the Stratford rectifier station was cut into 
service there was no appreciable effect noticed on the 
telephone circuits in Bridgeport except for a small area 
near the exchange boundary along Stratford Avenue, 
but in Stratford, especially along Stratford Avenue 
between the two rectifier stations as shown in the shaded 
area on Fig. 1, the noise effects were greatly increased 
and the reactions from the telephone subscribers more 
serious. The Bridgeport-Stratford interoffice trunk 
circuits, however, showed no appreciable effects. 

After this installation three times as many complaints 
were received from telephone subscribers as were 
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received when the Bridgeport station was installed. 
Most of these complaints were from party-line sub- 
scribers. 

Table II gives a general idea of the noise conditions 
before and after the Stratford rectifier was installed 
as well as the results obtained after installing a filter 
in the railway circuit. 


TABLE II 


Location 
Stratford 


— | —— |.— Á— ee [M ey M—— [M————— Ol 


— | —— | — | — —— |— | ———— | A—— M |—— | ces MÀ 


A 300 75 | 800 | 450 
B 85, 20 | 100; 65; 35 | 275) 125 
C 35| 20 | 35] 35| 20 | 110] 50 


100 
130 


(1) Power from old generating station. 
(2) Mercury arc rectiflers at Bridgeport and Stratford. 
(3) Same as (2) but with rectifier and filter at Stratford. 


WAVE ANALYSIS 


A wave analysis of the noise experienced showed 
360,- 720,- and 1080-cycle components with the 360 
cycle the most prominent. This latter is the funda- 
mental frequency, in this instance, of the ripple in the 
rectified d-c. voltage wave and is equal to the product 
of the fundamental frequency of the supply line (60 
cycles) and the number of secondary phases of the 
rectifier (6 phases). 

The amount of these harmonic currents flowing over 
the railway distribution system is a function of the 
harmonic e. m. f. generated and the load characteristic 
of the system. Under these conditions, the most 
practicable means of limiting the flow of these dis- 
turbing harmonics on the railway system, and by so 
doing limiting their interfering effect on the telephone 
circuits, was to install a filter on the load side of the 
rectifier. This means of reducing the disturbing 
harmonics has been used to advantage in other places 
where the railway current is obtained from mercury 
arc rectifiers. 


FILTER EQUIPMENT 


The first filter equipment installed in the Stratford 
substation was only temporary, but similar electrically 
to the proposed permanent equipment which was in 
the process of manufacture for both substations. 

The equipment consists of a 0.7 millihenry series 
reactor inserted in the negative return circuit at the 
station. This reactor acts as a choke to the harmonic 
currents and of course must be able to carry the entire 
load current furnished by the station. There are also 
three resonant shunts connected between the positive 
and negative sides of the railway circuit on the load 
side of the reactor in order to by-pass harmonic current 
at 360, 720, and 1080 cycles, thereby reducing the 
voltages applied to the line at these frequencies. Each 
of these resonant shunts has a 2 millihenry air-core coil 
in series with a bank of condensers. Tuning is ac- 
complished at each frequency by varying the capacity 
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until the harmonic line voltage is a minimum. The 
capacities obtained for resonance were 105, 28, and 12 
LÍ. respectively. The condenser banks are built 
up of 1 uf. units made to withstand 600 volts direct 
current indefinitely. See Fig. 3. 


RESULTS OF FILTER INSTALLATION 


The effect of the filter on the noise levels in the 
telephone circuits in the Stratford exchange area was 
quite appreciable and the complaints from the tele- 
phone subscribers dropped to only a few cases in the 


Fic. 3 


shaded area along Stratford Avenue. The noise 
measurements obtained are shown in column 3 of 
Table II. Measurements made with the temporary 
filter installed in Stratford indicated that a large part 
of the remaining noise, given under column 3, resulted 
from the unfiltered rectifier at Bridgeport. It is 
expected that when a filter is also installed in the 
Bridgeport substation a further reduction in the noise 
levels in this particular area will be obtained. 


CONCLUSION 


The magnitude of the interference from a given 
source, in this case the mercury arc rectifier, depends 
on the distribution and type of plant of both the 
street railway system and the telephone system. As 
shown in Tables I and II, this is clearly indicated by the 
more serious reactions obtained on the same types of 
telephone circuits in the Stratford area than in the 
Bridgeport area. The type of rectifier installed in 
both areas is the same, but in the Stratford area a 
larger percentage of the telephone plant is in aerial 
cable construction with more joint pole line construc- 
tion with the railway circuits than in the Bridgeport 
area, where the degree of exposure between aerial 
telephone and street railway circuits is relatively small. 

From the experience obtained with the installation 
of the six-phase mercury arc rectifiers for the street 
railway system in Bridgeport and adjacent territory 
it can be definitely stated that in general a street 
railway system energized by mercury arc rectifiers 
possessing no means of limiting the harmonic compo- 
nents has a greater inductive influence on neighboring 
communication circuits than when energized by rotating 
equipment. General experience has shown, however, 
that by means of properly designed filtering apparatus 
installed on the d-c. load side of the rectifier, the in- 
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ductive influence of such a rectifier may be reduced to 
a level comparable with that of rotating equipment of 
good wave shape. 


ELECTRICITY AND THE HUMAN BODY 


If electricity can have performed so many remarkable 
services in lightening labor, if it can have raised the 
standard of living throughout the world, must we con- 
tinue to say that it is impotent in repairing bodies and 
in keeping them in repair? 

Not for long, certainly. Electrotherapeutics has 
passed the stage of charlatanism and magic and has set- 
tled down to sober and honest progress. The alluring 
but entirely fictitious powers of "electronic reactions" 
and all their breed have been exploded and electricity 
has at last taken an active hand. Chemistry, once the 
only reliance of medicine, has a new and powerful ally 
whose purpose, like that of its colleague, is sound in- 
vestigation and reproducible results. Ultra-violet light 
from electrical sources, far more powerful than sunlight 
and yet more controllable, has already gained a sub- 
stantial reputation in medicine. It is conceded to be a 
cure for rickets, a powerful assistant in the treatment of 
tuberculosis and a bactericidal agent of great value in 
surface infections. It is also receiving much attention 
as an active force in the production of the still myste- 
rious vitamins in foods. X-rays, thankstotheintensive 
developmental work done by science, are now under 
effectual control and with each new advance in the art 
of their production they are finding new applications 
in the war against disease and disability. At first their 
value lay principally in their great assistance in medical 
diagnosis, but they are now the basis of a complete new 
therapy, having well established uses in the treatment of 
certain kinds of cancer and kindred ailments. 

These two—ultra-violet light and X-rays—are al- 
ready firmly established. But there are other electrical 
phenomena that may soon serve the doctor in his fight 
for men's bodies. High-frequency currents, whose 
curative power has been in dispute for years, are now 
suggested in medical circles as a possible means 
of aiding natural convalescence by producing artificial 
fevers. And recently has come the announcement of 
the cathode-ray tube, which can produce many hundred 
times more radiation than is given off by all the radium 
in the world and, unlike that rare metal, is under perfect 
control. Neither doctor nor scientist can say at present 
what the cathode ray may do for medicine, but it is 
quite possible that great benefits may come from it. 

These are a few of the contributions and the promises 
which electricity, turning from the remodeling of in- 
dustry, has made to man himself. Research in its un- 
ending perseverance, supported by an open public 
mind, may turn these promises to realities, and it may 
reasonably be hoped that pain and suffering will steadily 
decrease throughout the world.—Electrical World. 


Abridgment of 


Interconnection of Power and Railroad Traction 


Systems by Means of Frequency Changers 
BY LUDWIG ENCKE 


Associate, A. I. E. E. 


Synopsis.—Several types of variable ratio frequency changers 
are discussed and installations of such apparatus on the electrified 
section of the New York, New Haven & Hartford Railroad are 
described in some detail. 

These types of frequency changers permit a flexible tie between 
interconnected systems, and accurate and automatic control of load 
regardless of variations in voltage or frequency in either system. 


NUMBER of methods may be employed for con- 
necting two power systems of different frequencies 
for interchange of power. 

A rigid tie by means of a synchronous motor-genera- 
tor is common at the present time and is, in many 
respects, the simplest form of connection. This rigid 
connection, however, does not permit any regulation of 
the transferred load on the set itself; furthermore, 
synchronizing is somewhat difficult. 


A flexible connection is desirable and even necessary 
in some instances, and obviously possesses fundamental 
advantages over any method of rigid tie, in that it 
permits not only tying together two power systems of 
different frequencies for interchange of power, but a 
close control of load as well. This may be of especial 
value in the supply of power for the operation of an 
electrified steam railroad extending over a large terri- 
tory from two or more central station generating 
plants located at widely separated points. In case of a 
single-phase electrified railroad it may be desirable 
to change the 60-cycle power available in most com- 
mercial power systems into 25-cycle power, necessary 
for traction purposes, at the same time operating in 
parallel with existing power plants owned by the 
railroad. By means of flexible connections, any desired 
load distribution amoung various substations may thus 
be readily obtained regardless of variations of frequency 
in any: of the interconnected systems, all variations 
being absorbed in the machines themselves. Such 
flexible frequency-changer motor-generator sets are 
known as variable-ratio machines. 


At present, the single-phase 25-cycle system of the 
New York, New Haven & Hartford Railroad is fed 
mainly from the railroad’s own power plant at Cos Cob, 
Connecticut. Power is supplied also from the Sherman 
Creek plant of the United Electric Light and Power 
Company at New York. With increasing loads it has 
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Any desired constant load transfer in either direction may be 
obtained through the apparatus by manually setting a load-regulating 
relay. Provision is made also for operating the sets as synchronous 
condensers, to1mprove power factor. 

The functioning of regulating machines and auxiliary equipment 
to obtain the desired results 1s explained, together with a description 
of switching equipment installed in connection with the main units. 


been found desirable to provide energy sources on the 
eastern end of the electric zone, and connections have 
been made by means of the variable-ratio motor- 
generator type at New Haven with the 25-cycle system 
of the Connecticut Company, and at Devon, Connecti- 
cut, with the 60-cycle power system of the Connecticut 
Light and Power Company. In connection with the 
recent electrification of the New York Connecting 
Railroad and the Bay Ridge line of the Long Island 
Railroad, another frequency-changer set, a duplicate of 
the New Haven set, has been installed in the substation 
of the Long Island Railroad at East New York. 

The power flow through the sets is controlled by 
adjusting the speed of the induction motor. This type 
of apparatus consists fundamentally of an induction 
motor and asynchronous generator (though the power 
flow may be in either direction) with appropriate 
auxiliary facilities. The common method of speed 
regulation of an induction motor by inserting resis- 
tances in its rotor circuit has the disadvantage of being 
uneconomical. Furthermore, only regulation below 
synchronism can be obtained. In the variable-ratio 
frequency-changer sets the slip energy of the induction 
motor is transferred to an additional machine, the so- 
called regulating machine, where it is transformed 
into either mechanical or electrical energy, depending 
on the type of machine employed, and thus utilized. 
By changing the excitation of the regulating machine, a 
variable voltage is produced which, reacting (bucking 
or boosting) upon the slip voltage, brings about the 
speed regulation of the induction motor. 

Fig. 4 shows the wiring diagram of the frequency- 
changer sets installed in the New Haven and East New 
York substations. They consist of a main set and an 
auxiliary set. The main set is made up of a three-phase 
25-cycle 11,000-volt synchronous generator with d-c. 
exciter, a three-phase 25-cycle 11,000-volt induction 
motor, the speed of which is determined by the synchro- 
nous generator and the regulating machine which regu- 
lates the power flow of the set. The machines of the 
auxiliary set are, first, a synchronous motor used for 
the drive; second, a so-called a-c. exciter machine; and, 
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third, a d-c. exciter furnishing the excitation for the 
other two machines. The induction motor, the syn- 
chronous generator, and the d-c. exciter of the main set 
are of standard design. The regulating machine is a 
rotor-excited, neutralized, a-c. commutator machine, 
the three-phase wound rotor having slip-rings and a 
commutator as in a rotary converter. Since the slip- 
rings carry alternating excitation current only, they are 
relatively small and the commutator segments are 
narrow, a feature of every a-c. commutator. The 
stator has a compensating winding which neutralizes 
the rotor field generated by the load current in the rotor, 
so that the machine can transform electrical energy to 
mechanical energy. The design of this machine is 
limited by the maximum permissible values of periph- 
eral commutator speeds, the voltage between com- 
mutator bars and current densities. A satisfactory 
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Fic. 4—DiAGRBAM or Main CONNECTIONS FOR THE FREQUENCY 
CHANGER SETS INSTALLED AT NEW HAVEN AND East NEW YORK 


1. synchronous machine 10. a-c. exciter machine 

2. d-c. exciter 11. d-c. exciter 

8. main induction motor 12. load field windings 

4. secondary starting resistances 13. power-factor field winding 
5. reduction gear 14. load field rheostat 

6. polyphase regulating machine 15. power-factor rheostat 

7. neutralizing windings 16. blower motor 

8. tle breaker 17. auxiliary set transformer 
9. synchronous driving motor 18. current limiting resistances 


design thus requires that the kv-a. output per pole be 
somewhat limited, and in order to obtain the required 
rating, it was desirable to build the machine at a 
slower speed than the main unit. The regulating ma- 
chine, therefore, is connected to the main shaft through 
a reduction gear with a ratio of two to one, and thus 
rotates at half the speed of the main set. 

In order to understand the operation of this machine 
it may be assumed that the connections from its com- 
mutator brushes to the slip-rings of the main induction 
motor are cut off and the slip-rings are. connected 
directly to the line. 


60 v1 
p 


rev. per min. with regard to the stator and rotor, where 
vı = frequency of the line 
2 p = number of poles of the machine. 


At standstill a field will rotate with n, = 
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In rotating the rotor with n revolutions opposite to the 
direction of the field, the resultant speed relative to the 
space will be: 


Nı— Nn 
p (nı — n) 
The voltage of the frequency v: = ——e6 = 82% 
is obtained at the brushes of the commutator, where 


8» = slip 

The effective values of the voltages at the slip-rings 
and at the commutator brushes are practically equal. 
When n, = n, direct current appears at the brushes of 
the commutator. Therefore, if the regulating machine 
is given the same ratio of revolutions and number of 
poles as has the main induction motor, and the slip-rings 
are fed with line frequency, the slip frequency v» = 8; 01 
will always appear at the commutator brushes. Thus 
the commutator brushes of the regulating machine and 
the slip-rings of the main induction motor may be con- 
nected. As the voltages at the slip-rings and at the 
commutator brushes of the regulating machine are 
about the same, the latter, and thus the speed of the 
main set, can be easily controlled by changing the 
voltage applied to the slip-rings of the regulating 
machine. It isa function of the auxiliary set to furnish 
to the slip-rings of the regulating machine this variable 
voltage at line frequency. The continuous delivery of 
line frequency is insured, as the auxiliary set is a straight 
synchronous motor-generator connected to the same 
line as the induction motor. The driving synchronous 
motor as well as the d-c. exciter are of standard design. 

The a-c. exciter machine resembles an induction 
motor. Its field consists of three windings with a 
phase-angle difference of 120 deg., two of which are 
connected in multiple. These windings, independent of 
each other, excited by direct current, set up two fields 
which create a resultant field. The field of the two 
windings connected in multiple is the load field con- 
trolled by the load rheostat, whereas the field of the 
single winding is the power-factor field, 90 deg. out of 
phase with the load field, controlled by the power- 
factor rheostat. The load adjustment of the main set 
is obtained by changing the voltage generated in the 
a-c. exciter which is accomplished by varying the load 
rheostat, while the power factor of the main induction 
motor is adjusted by changing the power-factor rheo- 
stat, which is of a potentiometer type. For running 
above synchronism the voltage of the regulating ma- 
chine must be reversed; therefore the load rheostat is a 
reversing rheostat. Both the load and the power- 
factor rheostats are motor-driven. (Figs. 5, 6, 7.) 


As outlined above, this variable-ratio frequency- 
changer set represents an interconnection between two 
25-cycle systems. If, however, the induction motor is a 
60-cycle machine the excitation for regulation would 
also be 60-cycle. The inherent frequency is then higher, 
a condition which is not desirable with rotor excitation 
on so large a set. Some other arrangement is thus 
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necessary. This condition may be cared for by 
replacing the rotor-excited regulating machine b 
a stator-excited type. | 

A slightly different means of regulation, known as 
the Scherbius system, is employed in the installation at 
Devon. The same system may be applied to connec- 
tions between two 25-cycle systems or between a 60- 
cycle and a 25-cycle system. 

Fig. 11 shows the wiring diagram of the Devon set. 


Fic. 5—VARIABLE Ratio FREQUENCY-CHANGER SET AT 
STATION "A," New Haven 


All machines (the synchronous generator, the d-c. 
exciter, the induction motor, the regulating machine, 
and the so-called ohmic drop exciter) are installed on 
one shaft. The Scherbius machine, resembling a d-c. 


Fic. 6—REGULATING MACHINE AND REDUCTION GEAR OF THE 
Main Macuine Set AT Station “A,” NEw Haven 


machine, is typical for these regulating sets. Like 
a d-c. machine, it has main poles and interpoles. The 
excitation, however, is alternating current instead of 
direct current. As the frequency of the excitation 
voltage determines the frequency at the commutator 
brushes which are connected to the slip-rings of the main 
induction motor, the regulating machine must be excited 
with slip frequency. Furthermore, the voltage existing 
at the commutator brushes, and thus the speed of the 
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regulating set, is controlled by varying the excitation 
voltage. 

This excitation voltage is furnished from the line 
through a special auxiliary machine known as an ohmic 
drop exciter or frequency-changing exciter which works 
as a frequency converter. Its operation resembles 
that of the regulating machine previously described. 
The rotor is analogous to the rotor of a rotary converter 
in that it is three-phase wound and has slip-rings as 
well as a commutator. The stator has no field winding : 
and is merely a laminated steel ring to provide a flux 
path. "The slip-rings are connected through a trans- 
former to the line. Since it is mechanically coupled to 
the main induction motor and has the same number of 
poles, a voltage of slip frequency exists at its commuta- 
tor brushes, which is employed for the excitation of the 
regulating machine. The commutator carries two sets 
of brushes which are moved by a brush-shifting device, 
and the regulation of the excitation voltage is accom- 
plished by shifting these brushes. That is, by moving 
the brush-shifting device in one direction or the other, 


Fig. 7—AUXILIARY SET aT STATION “A,” New Haven 


more or fewer commutator bars are included between 
the brushes and the excitation voltage applied to the 
regulating machine is thus raised or lowered. The 
brush-shifting device provides for operation at under- 
synchronous as well as above-synchronous speed by 
Two contactors, A 
and B, are provided in the connections between the 
ohmic drop exciter and the regulating machine. Dur- 
ing under-synchronous operation, as well as at synchro- 
nous speed, contactor B is closed, connecting the ohmic 
drop exciter to the Scherbius machine through its in- 
terpoles, whereas abovesynchronous speed, thecontactor 
A is closed, connecting the ohmic drop exciter directly 
to the Scherbius machine. 

As in the regulating sets of other types, these sets 
also are equipped with apparatus to correct the power 
factor of the main induction motor. As shown in the 
wiring diagram, Fig. 11, the so-called power-factor 
rheostat is connected in series with the load-control 
field windings of the regulating machine. The degree 
of lag of the exciting current behind the voltage can be 
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varied in changing the resistance of these windings by 
means of the rheostat. In addition, the regulating 
machine is equipped with separate power-factor control 
windings, which are used when no excitation is supplied 
to the load-control field circuit, the first method de- 
scribed for power-factor correction being under these 
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Fic. 11—DiAGRAM or MAIN CONNECTIONS FOR THE FREQUENCY- 
CHANGER SETS INSTALLED AT DEVON 
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synchronous machine 9. interpole field windings 
d-c. exciter 10. load control field windings 
main induction motor 11. power-factor rheostat 
secondary starting resistances 12. ohmic drop exciter 
contactors 13. ohmic drop exciter transformer 
regulating (Scherbius) machine 14. current limiting resistances. A & B 
neutralizing windings contactors 
. power-factor control field 15. movable brushes 
windings 


conditions ineffective. These separate power-factor 
control windings are connected from one set of brushes 
through a second section of the power-factor rheostat 
to a star point. The voltage supplied to the power- 
factor control windings is constant and about in quadra- 
ture to that of the load-control field. As the excitation 
in the load-control windings is increased, the effect of 
the power-factor control windings is reduced. Both 
brush-shifting device and power-factor rheostat are 
motor-operated. (Figs. 11 and 12.) 

All of the regulating sets are started from the induc- 
tion motor side of the main set by inserting resistances 
in its secondary. After the induction motor has 
reached its full speed, its secondary slip-rings are con- 
nected to the commutator of the regulating machine; 
thus, speed and power-factor control of the main induc- 
tion motor may be applied. Full automatic starting 
of the sets has been provided in all cases. 

The synchronous generators furnishing the single- 
phase railroad power are built as three-phase machines. 
All sets are designed for a frequency variation of + 3 
per cent in each system. The stators are all spring- 
mounted in order to reduce vibration due to the single- 
phase load. These springs are installed on both sides 
of the stators which are thus entirely supported by 
them. Leaf springs are used at New Haven and East 
New York, while at Devon helical springs are employed. 

All installations are equipped with automatic load 
regulators which, when adjusted for any given kw. 
value, provide that during all variations of frequency in 
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the interconnected systems within the allowed limits 
the transferred kw. load shall remain constant. Two 
different types of load regulators are used; in the New 
Haven and East New York substations a rheostatic 
type is installed, while those in the Devon substation 
are of a polyphase induction type. 

Typical for every single-phase railroad load are the 
heavy and sudden swings of the load in kw. as well 
as the reactive kv-a. load. Nevertheless, in putting 
the machine under the control of the automatic load 
regulator, a given kw. load representing a base can be 
accurately maintained, while the swings are taken up by 
another source of supply. Any desired load within the 
capacity of the machine can thus be adjusted. 

Figs. 15 and 20 show such a kw. curve, and it is of' 
interest to note how the load was kept constant within 
comparatively narrow limits, in spite of the widely 
varying system load. 

The sets at New Haven and East New York have 
been arranged for power flow in both directions. 
Fig. 16 shows such an operation. 

When not operated as a tie, the generators can be 
used as synchronous condensers on the single-phase 
railroad line, while the induction motor, with the auxil- 
ary machines, are diseonnected from their busses. 
The synchronous condensers are operated under the 
control of the voltage regulators, thus maintaining so 
far as possible a constant line voltage up to the kv-a. 


"Fic. 12—VaRIABLE RATIO FREQUENCY-CHANGER SETS IN THE 


SUBSTATION AT DEVON 
capacity of the machine. In order to protect the unit 
against overload under these circumstances a current- 
limiting device is installed in connection with the 
voltage regulators; when the field current reaches a safe 
limit, the reactive kv-a. on the machine is automatically 
limited and the line voltage allowed to drop. 

One feature of interest common to the installations at 
New Haven and Devon is the protective arrangement 
to obtain selective operation on short circuits on the 
single-phase railroad system. Current-limiting re- 
sistances are installed on the single-phase ends of the 
machines, which are normally short-circuited by cir- 
cuit breakers. In the event of a fault or ground on the 
railroad system, these resistances are automatically 
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inserted by opening the circuit breakers, after which the The installation at Devon and New Haven were made 
local sectionalizing circuit breakers on the line feeding under the general direction of Sidney Withington, elec- 
the fault are allowed to trip. The resistances are trical engineer of the New York, New Haven & Hart- 
automatically short-circuited after the faulty section ford Railroad, H. F. Brown, assistant electrical engi- 
is eut out, and normal operation is resumed. In case neer, and the writer. That at East New York was 
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Fic. 15— Kw. LOAD ON THE FREQUENCY-CHANGER SET aT New Haven 
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of the failure of the line breakers to clear the line, the under the general direction of L. S. Wells, electrical 
whole substation is separated from the railroad line superintendent of the Long Island Railroad. Messrs. 
after a predetermined time by the opening of the main Gibbs and Hill, New York, acted as consulting engineers 
circuit breakers. for all the installations. 


A High-Speed Graphic Voltmeter 


for Recording Magnitude and Duration of System Disturbances 


BY A. F. HAMDI: 


Member, A. I. E. E. 


Synopsis.—This paper deals with a graphic voltmeter for 
recording the magnitude and duration of system disturbances. 


INTRODUCTION 


qu high-speed recording voltmeter described in this 
paper is one of a number of types now on the mar- 

ket which have been built in order to supply the 
needs for a type of instrument which would give an accu- 
rate record of system disturbances. It was felt that such 
instruments would be useful in determining actual mag- 
nitude and duration of disturbances and their relation 
to the operation of high-tension circuit breakers and 
relays on apparatus connected to the system. 


The first part of this paper deals with the description 
of the electrical and mechanical details of this instru- 
ment, with particular reference to the requirements 
which were submitted to the manufacturers who 
developed the device. These requirements resulted 
from four years of operating experience with a similar 
type of instrument which accomplished the results 
desired. The second part of the paper deals with the 
interpretation of the records obtained and their value to 
the Engineering and Operating Departments in analyz- 
ing system disturbances. 


Several years ago the Engineering Department and 
Test Department of the New York Edison Company 
investigated the methods available for obtaining records 
of voltage dips during disturbances on power systems, 
and as a result an instrument was developed which 
consists of a high-grade graphic voltmeter driving a 
chart at normal speed and an auxiliary circular chart 
driven at relatively high speed. To the pen arm of the 
graphic voltmeter is attached a long pointer in addition 
to the standard pen of the instrument. This long 
pointer reaches over to a cireular smoked chart which 
revolves at the rate of 2.5 rev. per min. (24 sec. 
per revolution). This circular chart is driven by a d-c. 
motor operating from the station control battery so 
that its speed is not influenced by the changes in system 
voltage. With this device it is possible to obtain 
records of both magnitude and duration of all dis- 
turbances. Two of these instruments have been in 
successful operation for four years and have given quite 
satisfactory results. The main objection to this device 
is that the smoked chart has to be renewed after each 
disturbance. It was therefore desired to obtain an 
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It also deals with operating experiences with this device, together 
with the importance of the data obtained. 


instrument which would eliminate the above difficulty 
by giving the high-speed record on the standard strip 
chart. 

From the operating experience obtained with the 
above instruments, certain specifications were drawn 
which were placed in the hands of instrument manufac- 
turers and resulted in the development of the instru- 
ment described in this paper. With this device the 
high chart speed is 3600 times the normal chart speed 
and the change-over is accomplished in 0.05 sec. or less 
(1 to 3 cycles for 60-cycle systems). 

The following characteristics were required: 

1. A graphic voltmeter responsive to all voltage 
fluctuations, but well damped so as to be free from over- 
or under-shooting even for 100 per cent voltage fluctu- 


Fic. 1—GENERAL VIEW OF A GRAPHIC SYsTEM—DISTURBANCE 


RECORDER 


ations (suddenly energized to 115 volts or 115 volts 
suddenly interrupted). 

2. Instrument to take 1.0 sec. or less to reach 115 
volts when suddenly energized. 

3. High-speed timing accuracy to be within 0.1 sec. 

4. Chart acceleration time 3 cycles or less on 60- 
cycle systems (0.05 sec.). 

5. Low-voltage relay capable of being set to func- 
tion on a voltage dip of 5 per cent of normal or less. 

The manufacturers were left entirely free to work out 
all details. 


DESCRIPTION 
The device described in this paper is illustrated in 
Fig. 1. It consists primarily of a standard type of 
graphic voltmeter A, a chart accelerator B, a contact- 
making voltmeter C, and the necessary resistors D and 
E. The wiring diagram of this device, together with 
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the schematic layout of the component parts, are shown 
in Fig. 2. 

All the component parts of the above device are 
designed to operate at 115 volts, 60 cycles, with the 
exception of the magnetic clutch, which operates at 
120 volts d-c. The contact-making voltmeter can be 
set to function at all dips in voltage amounting to two 
per cent of normal, or more. Actually, however, it is 
set to function at 5 per cent dips. 

Under normal operating conditions the strip chart of 
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Fic. 2—ScHeMATIC LAYOUT AND WIRING DIAGRAM 


the graphic voltmeter A runs at the normal speed of 
3 in. per hr.; the salient-pole induction motor of the 
accelerator B runs continuously at synchronous speed; 
and the contact-making voltmeter C being energized at 
full voltage holds open its contact V. As soon as a dip 
in voltage occurs, amounting to five per cent of normal 
or more, the contact-making voltmeter closes its 
contact and energizes the magnetic clutch of the chart 
accelerator B. When the clutch engages, the chart 
accelerator motor runs the strip chart of the graphic 
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Fic. 3—STARTING TIME or Hicu CHART SPEED 


voltmeter at the high speed of 3 in. per sec. The 
high speed continues even after the disturbance is over, 
for a length of chart equivalent to 24 hr., or 24 sec. in 
actual time. At the end of this time, a cam, which 
is operated by a worm gear, located on the magnetic 
clutch shaft, opens the circuit of the magnetic clutch at 
point X (see Figs. 1 and 2). If the voltage is back 
to normal, the slow chart speed is resumed as the 
contact-making voltmeter contact V would then be 
open. In case the voltage is still below normal, the 
contact-making voltmeter will have its contact V 
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closed and the cam will keep the device running at high 
speed for an additional period of 24 sec. Normally 
the cam holds the contact at X open. 

The time necessary for the accelerator to speed up the 
chart has been carefully investigated and was found to 
be dependent upon the magnitude of the voltage dips 


which affect the speed of operation of the contact-mak- 


ing voltmeter. For all dips amounting to more than 
20 per cent of normal the device requires 0.02 sec., 
(1.2 cycles) to change over to the high speed. With. 
dips less than 20 per cent, the change-over time may 
be as high as 0.05 sec. (8 cycles). The variation in 
this time is shown in Fig. 3. 

The timing accuracy of the high-speed chart is correct 
within 0.1 sec. for the full length of the high speed run 
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(72 in. length of chart) providing the dip does not exceed 
50 per cent of normal. For greater dips in voltage, the 
accelerator motor slips and the timing error becomes 
greater. The curve in Fig. 4 shows the timing error 
during 24 sec. for voltage dips up to 70 per cent. For 
voltage dips beyond 70 per cent the driving motor stops 
if the disturbance is sustained. However, the motor 
requires about 5.5 sec. to come to rest even if the voltage 
fails completely. Fig. 5 shows the record of a 100 per 
cent dip lasting for 1.08 sec., where the magnitude was 
correctly recorded. The time was in error by 0.2 sec. 
It should be noted, however, that for 100 per cent dips 
lasting for more than one sec. the magnitude can be 


d V RECORDED TIME O88 SEC 
ACTUAL TIME 1.08 SEC. 
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Fic. 5—Test RECORD OF A COMPLETE VOLTAGE FAILURE 


Voltage reestablished at the end of 1.08 sec. 


obtained directly from the chart even though the dura- 
tion is not correctly recorded. 

To permit correct time resetting for slow speed after 
a disturbance, the high speed should last 24 sec., but 
actually it lasts only for about 23.96 sec. "Therefore, 
there is a reset error in timing amounting to approxi- 
mately 0.12 in. of chart length, which at slow speed 
means 2.5 min. 
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After the contact-making voltmeter operates to 
energize the magnetic clutch, 0.28 sec. is required for 
the cam to close the '"*hold-in" contact at X (see Fig. 2). 
Therefore, for disturbances having durations of less 
than 0.28 sec., the high speed lasts only as long as the 
disturbance, and the cam does not come into play. 
Fig. 6 shows such a short duration disturbance which 
was cleared in about 0.1 sec. . However, if a number 
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of short disturbances occur in succession, the cam will 
close the contact at X and a length of chart equivalent 
to 24 hr. will be run off as soon as the several short 
duration disturbances add up to 0.28 sec. 


In Fig. 7 is shown a set of calibration curves applying 
to this recorder. These curves have been prepared by 
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subjecting the device to voltage dips of known magni- 
tude and duration, and plotting voltage values obtained 
from the chart (ordinates) against time (abscissas). 
Normal voltage was 115 volts. 

The following procedure would be used to obtain the 
magnitude of a disturbance of known duration. From 
the high-speed section of the chart, obtain the apparent 
maximum dip in voltage and the duration of the dis- 
turbance. Plot the point corresponding to these two 
observations on the calibration curves. The true per 
cent voltage dip can then be obtained by comparing 
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the position of the point so plotted to the calibration 
curves. As an example, if the apparent voltage dip 
were 40 volts, and the duration of the disturbance were 
0.40 sec., we find by reference to Fig. 7 that the point 
determined by these two values falls very close to the 
60 per cent dip curve. "Therefore, we conclude that 
the actual dip was approximately 60 per cent of normal 
or 70 volts. 

In connection with these calibration curves it should 
be pointed out that it is quite essential to have a 
properly damped instrument. If the instrument over- 
shoots to a considerable amount, the records will not 
be smooth curves as shown in Figs. 8, 9 and 10, but will 
be wavy curves. Reference to the calibration curves 
in Fig. 7 shows that in the case of the instrument 
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discussed, there is no overshooting and the instrument 
reaches full indication in about 1.1 sec. In other 
words, for disturbances lasting over 1.1 sec. there is no 
need for reference to the calibration curves, as the maxi- 
mum dip recorded on the strip chart is the true dip. 


OPERATING EXPERIENCE 


Since this instrument was placed in service, on a 60- 
cycle cable system, 15 records of voltage disturbances 
were obtained. Most of these voltage dips were 20 
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per cent or less of normal voltage and the trouble was 
cleared from the system automatically in 1.5 sec. or 
less. While practically all of these faults show the same 
characteristics there were a few cases of rather different 
nature which illustrate the adaptability of the instru- 
ment for this service. In the following figures the 
smooth voltage recovery sections have been cut off 
in order to shorten the length of the records. The 
broken lines show where chart sections have been 
cut off. 
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Fig. 8 is a typical record which is representative of 
the voltage disturbances resulting from faults on the 
system. This record shows a dip of 31 volts, or approxi- 
mately 26 per cent, the disturbance being cleared by 
the opening of the circuit breakers after 1.3 sec. It may 
be noted that the duration of the disturbance is mea- 
sured from the start to a point where the voltage begins 
to recover. 

Fig. 9 illustrates a disturbance which lasted for 1.34 
sec. before it was finally cleared. The first circuit 
breaker opened after 0.50 sec., while after an addi- 
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tional 0.84 sec. the second cireuit breaker cleared the 
other end of thefeeder. Since the first switch opened 
after but 0.5 sec. the instrument did not attain its maxi- 
mum swing, the calibration eurves showing the actual 
dip to be 20 volts instead of 15.5 asrecorded. Thiscurve 
also illustrates the manner in which it is often possible 
to obtain a check on relay operations, as two distinct 
circuit breaker operations are indicated. ' 


Fig. 10 is an unusual case in that the disturbance 
lasted for approximately 15 sec. before it was finally 
cleared. In this case a triplex cable became grounded 
at a considerable distance from the supply end and was 
not cleared immediately because the moderate ground 
current was insufficient to cause the overload relays to 
operate. The voltage dip due to the ground was 
approximately 11 per cent and lasted about 10.55 sec. 
Apparently the ground then developed into phase 
trouble causing a dip of about 28 per cent and was 
finally cleared after an additional 4.45 sec. 


In each of the above cases the records show that a 
considerable length of time is required for the voltage 
to return to normal. Of this time, one sec. is due to 
time lag in the instrument if the dip is 100 per cent. 
If the dip is less than 100 per cent, the time lag of the 
instrument will be correspondingly reduced. 


Fig. 6 illustrates a case in which a momentary ground 
occurred which apparently cleared itself in about 0.1 
sec. 'The contact of the contact-making voltmeter 
opened before the cam could operate the hold-in con- 
tact to continue the high-speed operation. 


While an instrument of this nature will not record 
instantaneous changes in voltage or current, it does 
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afford a means of giving directly a fairly accurate 
picture of the disturbance even though it may last 
several minutes. All disturbances are recorded by 
this instrument even if they last more than 24 sec. 
because the instrument will operate continuously 
through successive periods of 24 sec. as long as the 
contact-making voltmeter contact is closed. An instru- 
ment designed to operate on current instead of voltage, 
for example, would give a record of surging between 
generating stations due to a condition of instability 
which might last for several minutes. Such an instru- 
ment may also be installed at grounding points to 
indicate the magnitude and duration of ground fault 
currents as a check on the effectiveness of the grounding 
itself and for checking relay operations. 


The results obtained with the device described have 
been quite satisfactory from both the operating and the 
maintenance standpoints. The records obtained have 
given sufficiently accurate information in regard to the 
magnitude of voltage dips and their relation to operation 
of low-voltage relays. These records have an addi- 
tional value in that they often afford a means of check- 
ing automatic circuit breaker operations and also give 
a fairly accurate indication of the effect of faults on the 
system in general. 


SUBSTATIONS PASSING OUT 


Load growth in the electrical industry keeps engi- 
neers and system planners keyed to a high pitch. In 
larger cities a density 1s found ranging from 3000 kw. to 
300,000 kw. per sq. mi., and this density keeps on 
creeping upward. A ten-year perspective on load 
growth gives a new conception of a metropolitan sys- 
tem; it modifies present layouts and makes radical 
changes necessary. 

The substation seems to be an expensive and hazard- 
ous incumbrance on the metropolitan system of the 
future which uses alternating current. It has served its 
time in the system layout and must pass, because it is 
no longer needed as a functional device. Instead of the 
substation there will be unit generators, an a-c. grid 
distribution system, multiple-transformer vaults under- 
ground and synchronizing at the grid. It is a simple 
and reliable system because all faults clear themselves 
if small cables are used to tap the network, no large con- 
centration of energy is had in generating stations, 
system stability is a maximum and service is also a 
maximum owing to the simple layout and multiplicity of 
supply points. When several generating stations are 
used, there is no problem of tie cables or of load and 
wattless. control. The system becomes the old Edison 
grid system, which has proved to be,the most reliable 
system of supply and lacks only the storage battery to 
be comparable to the best d-c. supply system.— 
Electrical World. 


Abridgment of 


High-Speed Recorder 


BY C. I. HALL! 
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Synopsis.—T his paper describes a new elecirical instrument 
for automatically recording variations of electrical functions at high 
speed. The rate of chart motion is lower than that of the oscillograph 
so that the envelope of an a-c. wave is produced. This recorder has 


INTRODUCTION 


HE rapid adoption of interconnection and the 
formation of complex power networks have made 
it increasingly difficult to provide adequate relay 

protection for these systems. The location and settings 
of selective relays must be such that overloaded or 
faulty lines are promptly isolated and cut off with a 
minimum of interference to the service continuity of 
the remainder of the system. The high-speed recorder 
is an instrument which has been designed particularly 
as an aid in the solution of these problems. It has been 
built in a variety of forms having either one or more 
recording elements and giving either maximum values 
only, or records having a time base. It is started auto- 
matically by the excessive current incident to the fault 
and begins to record in approximately 0.03 sec. In its 
four-element form, it gives simultaneous records of the 
neutral ground current and each phase-voltage, for a 
period of 10 sec. after the occurrence of the fault. 
This covers the life of the disturbance, since the faulty 
section is usually cut off in a few seconds by the pro- 
tective relays. 

Although the high-speed recorder was designed 
primarily as an aid in the study of line faults, it is 
obvious that it has numerous other applications, some 
of which are mentioned later. The recorder may be 
used in nearly any application in which automatic 
starting or high-speed recording is necessary. 

The use of the recorder in analyzing transmission 
line faults has been described by E. M. Tingley in 
a paper entitled The Hall High-Speed Recorder.  In- 
cluded in this paper were numerous records made in 
service on the system of the Commonwealth Edison 
Company. The purpose of the present paper is to 
deal particularly with the design and construction of the 
recorder, including sufficient test records to illustrate 
the varied application of the instrument. 


REQUIREMENTS OF RECORDER 
The design of the recorder incorporates the following 
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been successfully applied in the analysis of breakdowns on trans- 
mission lines, giving data used as the basis of securing improved 
selective relay protection and for other problems involving automatic 
high-speed recording. 


features, which are considered essential to a device 
of this class: | 

a. Automatic operation: Recording is started by a 
high-speed relay actuated by increase in line current or 
other determining variable. 

b. Speed of recording: The record shows values 
for each half cycle on 25- and 60-cycle circuits. 

c. Minimum delay before beginning to record: 
The total time after occurrence of the fault until the 
device begins to record is approximately 0.03 sec. It is 
obvious that this lag must be short in order that no 
part of the record be lost. 


d. Sturdy construction: Comparable to portable 


Fig. 1—GExERAL View or FouR-ELEMENT RECORDER 


ammeters and voltmeters. The instrument contains 
no delicate parts which are likely to become damaged 
with ordinary handling and care. 

e. Portability: The recorder may be easily moved 
about from place to place, and set up in condition for 
recording. 

f. Improved light source: The light source is 
more effective and efficient than types used heretofore. 
An intensely brilliant point of light is produced on the 
recording film, yet the input is low, so that dry cells can 
be used as a power source. 

g. Daylight loading: Standard photographic film 
holders are used, enabling loading and unloading in 
daylight as with an ordinary camera. 


CLASSES OF RECORDERS 


As previously mentioned, the recorder has been 
produced in both four-element and single-element form. 
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Views of the former device are shown in Figs. 1 and 2 
while the latter is shown in Figs. 6 and 7. 

Fig. 3 shows a chart obtained from a four-element 
recorder in service on the lines of the Commonwealth 
Edison Co. "The upper record of this chart gives the 
varation in neutral ground current while the three 
lower records give voltage values on the three phases. 


Fic. 3—Recorp Mape Bv Fovn-ELEMENT RECORDER ON 
SYSTEM OF COMMONWEALTH EDISON COMPANY 


Ordinates represent current and voltage values, and 
time movement is from left to right. 


Fig. 8 gives a group of four calibration records 
made with a single-element recorder of the stationary 
film type. With this construction, maximum values 
only are recorded. The single-element recorder has 
been arranged also to give time-base records by the 
application of a separate moving film mechanism. 
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LIGHT SOURCE 
A side view of the four-element recorder drawn 
schematically is shown in Fig. 4. This cut also illus- 
trates the type of light source used in all recorders. 


Fia. 4—Scuematic DIAGRAM OF LIGHT SOURCE AND OPTICAL 
SYSTEM, Four-ELEMENT RECORDER. (SIDE VIEW) 


Fic. 5—ELEcTRICAL MEASURING ELEMENT. FRONT AND REAR 


VIEWS AND VANE ONLY 
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Fic. 7—INTERIOR OF SINGLE-ELEMENT RECORDER 


A small concentrated filament automobile type lamp, 
A, is placed in one end of a light-tight tube which also 
contains lenses B and D and a highly polished metallic 
hemispherical mirror C. The rays from the lamp are 
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focused upon the hemispherical mirror, which, through 
reflected light, becomes a secondary light source of very 
small diameter and high intensity. The rays from 
this secondary source pass through lens D to the 
galvanometer mirror E, from which they are reflected 
to plane mirror F and thence are focused upon the 
recording film. During the time of recording, the 
plane mirror F is rotated at a definite rate in the direc- 
tion indicated by the arrow by a governor-controlled 
spring motor. This rotation of mirror F causes the 
recording point of light to move across the stationary 
film at the rate of 1 in. per sec. Only one lamp and 
secondary source are required for all four recording 
elements, as four lenses D, located in an arc of a circle 
above C and transmitting light to four individual 


Fic. 8—CauIBRATION Recorps Mape WITH SINGLE-ELEMENT 
RECORDER 


galvanometer mirrors are used. This will be under- 
stood by referring to Fig. 2. 


ELECTRICAL ELEMENT 


A detailed view of a recording element is shown in 
Fig. 5. This element consists of a soft iron yoke 
supporting two adjustable poles which carry the 
winding. The moving element is a soft iron vane, 
mounted rigidly on the end of a stiff duralumin rod 
and set at an angle of 45 deg. to the flux path between 
the poles. An aluminum support riveted to the 
vane carries a galvanometer mirror and a guide bearing 
pivot. The vane and mirror assembly is shown be- 
tween the front and rear views of the complete element. 
For use on a-c. circuits the electrical elements are 
connected to the lines through transformers contained 
within the recorder. In this way, proper ratings are 
obtained and a standard element can be used for re- 
cording either current or voltage. When d-c. circuits 
are being studied, the transformers are replaced by 
special external shunts. 

The moving system or vane is of low inertia and high 
period of oscillation, so that it readily follows changes 
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during each half cycle. The construction is very sturdy 
and the element is not liable to damage in shipment 
and handling. The light beams and photographic 
film used in recording eliminate the inertia inherent 
in other methods of recording. 


OPERATION 

As indicated earlier, the high-speed recorder begins 
operation automatically upon the occurrence of an over- 
load, or fault. 'This is accomplished through a high- 
speed current-operated relay which is continuously 
connected in the neutral ground circuit. The high- 
speed relay for the four-element recorder is contained 
in a separate case, while that for the single-element 
device is contained inside the case of the recorder 
proper. 

In operating, the high-speed relay energizes three 
small contactors which connect the voltage elements to 
the line. The high-speed relay also turns on the 
recording lamp and releases a constant speed spring 
motor which rotates the plane mirror F of the four- 
element recorder or advances the film in the single 
element recorder. At the end of the recording period 
a contact is opened by the spring motor which com- 
pletely deenergizes the recorder control circuit, turning 
off the light source and disconnecting the recording 
elements. The operator, upon arrival, renews the 
film, rewinds the spring motor and releases a latch 
in the high-speed relay. The recorder is then ready 
for operation again, and the exposed film is taken into a 
dark room for development. 


RECORDS 


The size of record furnished by the four-element 
recorder is 11-in. by 14-in., and is made on standard 
film. The records made by the single-element recorder, 
stationary film type, are 3!4-in. by 4)4-in. and are also 
made on standard film. The single-element recorder 
for moving film uses standard 3)4-in. by 5l5-in., 12- 
exposure kodak film. 

SCALES 


Standard deflection scales are as follows: 


a. Four-element device 
70 volts per in. 
5 amperes per in. 
b. Single element (ammeter) 
On 30 ampere coil —10 amperes per in. 
On 60 ampere coil*—20 amperes per in. 


TIME LAG OF RELAY AND LAMP 


It is important that the time required for the high- 
speed relay to operate and for the lamp filament to 
reach recording brilliancy be very short, in order that 
the record may cover the complete disturbance. Tests 
have shown these time lags to be as follows: 


*Note. The ammeter coil of the single-element recorder is 
equipped with taps so that if desired, only one-half of the wind- 
ing may be used, thus doubling the current capacity of the 
instrument. 
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a. Lag of High-Speed Relay on 60 Cycles 


Per cent of critical 
current Time in sec Cycles at 60 ~ 

150 0.0058 0.348 
200 0.0035 0.210 
500 0.0020 0.120 
1000 0.0012 0.072 
2000 0.0010 0.060 

b. Lag of Recording Lamp 

Time in sec. 

for lamp to 

rating Volts applied begin to record Cycles at 60 ~ 
18-24 v., 27 cp. 
auto headlight. 35.5 0.027 1.62 


c. Total Time to Begin to Record 
(Sum of lags of high-speed relay and lamp) 


Per cent of critical 


current Time in sec. Cycles at 60 ~ 
150 0.033 1.97 
200 0.031 1.83 
500 0.029 1.74 
1000 0.028 1.69 
2000 0.028 1.68 


MISCELLANEOUS APPLICATIONS 


The possible applications of this type of instrument 
are numerous and varied. Figs. 9 and 10 show test 
records made using slight modifications of the standard 
recorder in order to give a time scale of 5 in. per sec. 
and also to add a timing indication to the chart. The 
latter was done by focusing the rays of a small high- 
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1. 20-Ampere load applied to 1-kw., 150 volt, d-c. motor-generator set. 
2. Starting Current of 200-watt Mazda C lamp. 


speed filament hydrogen-filled lamp on the lower edge 
of the film. This lamp was operated by a 60-cycle 
supply circuit and thus produced on the record a row 
of timing dots 1/120 sec. apart. 


Chart 1, Fig. 9, shows the variation in current 
following the application of a 20-ampere load to a 
150-volt d-c. line supplied by a small 1-kw. motor- 
generator set. The record shows how the current rose 
at once to a maximum value and then tapered down 
gradually, owing to a reduction in speed of the over- 
loaded motor-generator. The detail of the record is 
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exemplified by the small variations in the record line 
caused by sparking of brushes. The timing dots 
show that the complete interval during which the 
circuit was closed was 1.2 sec. 

Chart 2, Fig. 9, shows the starting current of a 
200-watt Mazda C lamp, indicating the initial rush of 
current with cold filament and the reduction in value 
as the filament becomes heated. 

Fig. 10 shows the blowing of plug and cartridge 
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1. 6-Ampere plug fuse on 20-ampere resistance load 

2. Same as ‘'1’’ except inductive load 

3. 5-Ampere cartridge fuse on 20-ampere resistance load 
4. Same as''3" except inductive load 


fuses under various conditions on a 220-volt d-c. 
circuit. In each chart, ordinates represent current 
values and time reads from left to right. Chart 1 
was made by a 6-ampere plug fuse connected in series 
with a 20-ampere resistance load. The fuse blew in 
approximately 0.75 sec. and the are was extinguished 
quickly. Chart 2 was made by another plug fuse of 
the same rating and with the same current value, but 
using an inductive rather than a resistance load. 
It will be noted that in this case the current value 
builds up more gradually and that an arc continues 
for about 0.35 sec. after the fuse wire has melted. 


Chart 3, Fig. 10, shows the blowing of a 5-ampere 
cartridge fuse on a 20-ampere resistance load. Chart 4 
shows the same conditions except for the substitution 
of an inductive load. It will be noted that the car- 
tridge fuse opened the inductive current without the 
formation of an arc. 


Other suggested uses for the high-speed recorder 
include the investigation of starting currents of motors, 
motor current values on high overloads of short dura- 
tion, brief reductions in line voltage due to starting of 
motors or other high-current loads, and general labora- 
tory investigations where the device may be used for 
visual readings or permanent records. 


Abridgment of 


Shunting of Track Circuit ina Polyphase System 


of Continuous Inductive Train Control 
BY C. F. ESTWICK: 


Member, A. I. E. E. 


Synopsis.— Investigations into shunting of train control track 
circuits have been made in the field under operating conditions by 
observing the operation of the primary relay on a locomotive as a 
train runs into a track circuit in which there is a train ahead or an 
open switch and similar data have been obtained on the performance 
of the relay on trains in regular service. 

It is intended in this paper to present a method for predetermining 


N a system of continuous inductive train control 
the apparatus on the trains on a steam-operated 
railroad is located on the locomotive or tender and 

consists of a receiving system, visual cab signals, a train 
controlling mechanism that operates in connection with 
the automatic air-brake equipment on the train and 
auxiliary apparatus which includes an acknowledging 
contactor and audible signals. The train controlling 
mechanism limits the speed of the train at all times to 
certain predetermined speeds which depend upon 
traffie conditions and the distance a train has traveled 
in a block. A failure on the part of the engineman 
properly to control the speed of the train results in an 
automatic application of the brakes as soon as the 
maximum allowable speed has been exceeded. After 
an automatic application has been made the brakes 
cannot be released until the speed of the train has 
been reduced below the maximum speed. When a 
train is traveling on clear track a clear signal indication 
is given in the cab and the speed of the train 1s limited 
to a safe speed, which in the case of a passenger train 
may be 70 mi. per hr.; when the train enters a caution 
block the cab signal changes, giving a caution or medium 
speed indication, and the automatic controlling mecha- 
nism operates to enforce a gradual reduction in 
speed until the speed has been reduced to below 20 mi. 
per hr. at the exit end of the block. As a train passes 
from a caution into an occupied block the signal changes 
toa danger or slow-speed indication and the limitation 
of 20 mi. per hr. is maintained as long as the block is 
occupied by a train ahead. 


The cab signals and speed controlling mechanism are 
under the control of a three position a-c. primary relay. 
When the train is traveling under clear conditions the 
relay is in its normally energized position; when the 
train passes into a caution block the relay operates to 
the reverse position, and when it 1s in an occupied block 
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the shunting characteristics of train control track circuits. The 
system discussed is a polyphase system of continuous inductive 
train control with cab signals employed on double-tracked steam 
roads. Curves are given which describe shunting conditions in 
train control track circuits and data are also given for comparison 
describing the shunting of the track relay on the same sections of 
track. 


or a block in which there is an open switch the relay 
assumes its deenergized position and releases the normal 
or reverse contacts. The primary relay is under the 
control of an influence obtained inductively, by means 
of receivers on the locomotive, from alternating current 
flowing in the rails of the track. 

The apparatus along the track includes the usual a-c. 
track circuit modified slightly for train control pur- 
poses, and upon this is superimposed a so-called ''line 
circuit.” The actual current flowing in the rails 
consists of two components of current, one due to a 
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voltage impressed on the circuit from the track circuit 
transformer and the other due to voltage from a 
transformer in the line circuit. These two components 
of currents will be considered separately and will be 
referred to hereafter simply as ‘‘track circuit current” 
and “line circuit current." The wayside circuits are 
shown schematically in the diagram in Fig. 1 and may be 
traced as follows:—Track circuit current flows from 
the track circuit transformer which is located at the 
exit end of the block through a limiting impedance and 
a pole changer to one of the rails of the track, along the 
rail to the opposite end of the block through a variable 
resistance unit and windings of the track relay to the 
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energized by current flowing in the track and local 
windings as shown in the diagram; the track windings 
receive current from the rails and the local windings 
are energized by current from the local phase trans- 
former. The track relay is the usual a-c. rotor type 
relay employed in railroad signaling which operates in 
three positions and requires the use of the pole changer 
in the track circuit to give normal and reverse opera- 
tion. The normal and reverse control also permits of 
three position operation of the primary relay which is 
a similar two element relay of the rotor type. When 
a block is occupied by a train the current in the rails 
flows from one rail to the other through the wheels and 
axles of the train, and on account of the very low 
impedance of the path through the wheels and axles 
most of the current is shunted from the track relay 
which causes it to become deenergized sufficiently 
to release its front contacts. Circuits through the relay 
contacts control the operation of wayside signals 
in the usual manner. 
the line circuit transformer to the middle point of a 
comparatively high resistance bridged across the rails 
at the relay end of the block, through the two halves 
of the resistance and along the rails of the track in 
multiple, through a similar resistance at the other end 
of the block to the middle point of the resistance unit, 
and through a line wire back to the transformer. 
From the description of the circuits it is evident that 
track circuit current flows away from the transformer 
on one rail of the track and back on the other rail, 
that is, the current flows in opposite directions in the 
two rails, whereas the line circuit current is evenly 
divided between the rails and flows in the same direction 
in each rail. The track circuits are adjusted for nor- 
mal operation under clear or caution conditions so 
that there will be 0.8 ampere in the rails at the relay end 
of the circuit as a train enters the block, and the line 
circuit is adjusted to give total line circuit current 0.8 
ampere or 0.4 ampere in each rail. 

There are two receivers located on the locomotive 
just ahead of the front wheels called track circuit 
receivers, and a similar pair of receivers farther back on 
the locomotive or on the tender known as line circuit 
receivers. The receivers are supported a few inches 
above the rails of the track, and coils in each pair of 
receivers are connected in series. The connections are 
such that on account of the direction of the flow of 
current in the rails the track circuit receivers are 
energized inductively by track circuit current and are 
not influenced by line circuit current, and the line 
circuit receivers are energized by line circuit current 
and are not affected by current in the track circuit. 
There is a two-circuit vacuum tube amplifier with four 
tubes employed in the locomotive equipment to amplify 
the small voltages induced in the receiver coils. The 
input circuits of the amplifier are connected separately 
to the front and rear receivers and the output circuits 
are connected to corresponding windings of the primary 
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relay. The amplifying apparatus is carefully ad- 
justed so that when the track circuit and line circuit 
currents in the rails are in time phase the currents 
in the relay windings will also be in phase, in which case 
no torque will be developed on the rotor shaft of the 
relay. If the phase of the current in either the track 
circuit or the line circuit is varied the corresponding 
current in the relay follows the phase of the rail cur- 
rent. The phase displacement between the currents 
in the relay windings under any condition of operation 
is therefore the same as the phase displacement 
between the currents in the rails. The size of the 
eurrent in the relay windings relative to the corre- 
sponding rail currents areshownin Fig. 2 of the complete 
paper. 

Conditions of the Track. The rails of the track are 
A. S. C. E. section, 100 lb. per yd., bonded with two No. 
6 copper-clad bond wires 54 in. long, having a loop im- 
pedance 0.25 ohm per 1000 ft., power factor 0.5., and the 
ballast is mostly stone ballast having a resistance 
varying between 5 ohms and 20 ohms per 1000 ft. of 
track. The leakage resistance of two rails in multiple 
to ground is taken as 2 ohms per 1000 ft. in wet weather 


and 12 ohms per 1000 ft. in dry weather. The length 
of the track circuit is 6000 ft. 
Characteristics of the Track Relay. Local Phase: 


Impedance 440 ohms, power factor 0.656; current at 
110 volts, 0.25 ampere; phase of current relative to 
voltage x 49 deg. 

Track Phase: Impedance 0.64 ohm, power factor 
0.656; operating currents with 90 deg. phase displace- 
ment. Current to pick up relay to make front stop, 
0.22 ampere. Current to pick up relay to close front 
contacts, 0.19 ampere. Current to allow relay to 
release its contacts, 0.11 ampere. 

Adjustment of the Track Circuit. Onasteam operated 
road without train control the track circuit would be 
adjusted under wet weather conditions with a limiting 
impedance of 4 ohms, but with this adjustment when a 
train is entering the block there would not be the 
required current 0.8 ampere in the rails for the opera- 
tion of the train control equipment. To increase the 
current in the rails the amount of limiting impedance 
might be reduced, but it would be better for the pur- 
pose of improving the shunting to retain the 4 ohms 
limiting impedance and increase the voltage on the 
track transformer to give 0.88 ampere (i. e., 0.8 
ampere + 10 per cent to allow for drop in transmission 
line voltage) and insert a variable resistance in series 
with the track relay as shown in Fig. 1 to limit the 
current in the relay sufficiently to give satisfactory 
normal operation. The voltage will have to be ad- 
justed to 7 volts, which gives 0.875 x 106 deg. 41 
min. ampere in the rails as a train enters the block. 
The variable resistance in series with the relay is 
then adjusted when the block is unoccupied to 1.75 
ohms giving 0.316 x 101 deg. 24 min. ampere in the 
relay (equivalent current at 90 deg. phase displace- 
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ment 0.25 ampere). With this adjustment in dry 
weather when the ballast resistance is 20 ohms per 
1000 ft. the current in the relay will increase to 0.706 
X 75 deg. 7 min. ampere (equivalent current at 90 deg. 
phase displacement 0.311 ampere) and the current in 
the rails at the relay end of the circuit as a train enters 
the block will be 1.185 x 85 deg. 34 min. amperes. 
Shunting of the Track Relay. Ordinarily, with a 
properly adjusted track circuit when a train enters a 
block the track relay becomes shunted, but in the case 
of a poorly adjusted circuit, under adverse rail condi- 
tions it might happen that therelay would notshunt, or if 
the relay shunts properly, as a train enters a high shunt- 
ing resistance might allow the relay to pick up and the 
train loses its shunt. To determine the shunting char- 
acteristics of the track circuit, calculations have been 
made which show the maximum shunting resistance 
which will cause the relay to release its contacts and 
also the resistance which will just allow the relay to 
pick up again as the train passes through the block. 
The curves 1 and 3 in Fig. 3 show the maximum shunt- 
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Fic. 3—Maximum SHvNTING RESISTANCES AFFECTING THE 
Track RELAY as A TRAIN Passes THROUGH THE BLOCK 


ing resistances for different positions along the track 

throughout the entire length of the block which will 

cause the relay to release its contacts, and curves 2 and 

4 resistances which will allow the relay to pick up to 
just close its front contacts. 

~ In Table I? numerical values are given of the data 

shown on the curves and also values of current in the 


2. For all references to tables and appendixes see complete 
paper. 
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relay when the corresponding maximum shunting re- 
sistances are connected across the rails. The formulas 
employed in calculating these maximum shunting 
resistances at intermediate positions in the block are 
given in Appendix I. 

Characteristics of the Primary Relay. Operating 
torque on rotor shaft with 90 deg. phase displacement: 


To cause sector to operate to front stop 0.45 in.-oz. 
To pick up to just make front contacts 0.38 in.-oz. 
To release front contacts 0.24 in.-oz. 


The relation between torque and currents in the relay 

is expressed by the following equation: 
T = I Ir Ksinó 

T = Torque on rotor shaft 
I, = Current in line phase 
Ir = Current in track phase 
pġ = Difference in phase between J, and Ir 
K = 4500 

The value of K is practically constant for all operating 
conditions. 

If the size of the line circuit current in the rails is 


Where 


Fic. 4—EvENLY DisTRIBUTED LEAKAGE BETWEEN Two RalLs 
IN MULTIPLE AND GROUND 


known at any position on the track the operating 
current in the rails in the track circuit can be determined 
at 90 deg. phase displacement to produce any required 
torque in the primary relay. 

Current in the Rails under the Receivers. Most of the 
current in the line circuit flows through the rails in 
multiple, but there is a small amount of current that 
flows through the ground, as shown in Fig. 4. The 
leakage current flows from the rails to ground in one- 
half of the circuit from A to C and flows back from the 
ground into the rails in the other half of the circuit from 


C to B. Tests have been made in the field of the - 


amount of current flowing in the rails throughout the 
length of a block with a vacuum tube testing apparatus 
used in connection with a search coil on a laminated iron 
structure that was placed over the rail. The curves 
obtained show that the current in the rails follows very 
closely to the shape of the common catenary or cosh 
eurve, and for that reason the conductance to ground is 
assumed to be evenly distributed and line circuit 
currents have therefore been computed from well 
known hyperbolic formulas. Calculations have been 
made of the line circuit current in the rails at different 
positions along the track and the results are given in 
Table II. The table also shows corresponding values of 
current in the relay taken from the curves in Fig. 2. 

In this discussion the data in Tables II and III have 
been employed in connection with formulas given in 
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Appendix II in making calculation of the shunting 
characteristics of the circuit. 

Shunting of the Track as Affecting the Primary Relay. 
Two conditions of shunting have been considered: 
first, with a forward train the middle of the block and 
the following train entering and approaching the train 
ahead; second, with a forward train at the exit end of 
the block and the rear train entering and proceeding 
into the block. In each ease calculations have been 
made to determine the maximum shunting resistance 
through the wheels and axles of the forward train which 
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will cause the pick-up or the drop-away of the primary 
relay on the rear train when the ballast resistance is 
5 ohms and also when it is 20 ohms per 1000 ft. of track. 
The results of the calculations are plotted in curves in 
Figs. 6 and 7. Curves in Fig. 6 are for the case where 
the forward train is in the middle of the block and Fig. 7 
where the forward train is at the leaving end of the 
block. In both figures curves 1 and 2 show the maxi- 
mum resistances of the shunt of the forward train which 
will prevent the relay on the rear train from picking up 
and the resistances which will cause the relay to drop 
away respectively when the ballast is 5 ohms per 1000 
ft., and curves 3 and 4 give the maximum resistances 
when the ballast is 20 ohms per 1000 ft. Numerical 
data from which these curves are plotted and also 
corresponding values of track circuit current in the 
rails under the receivers on the rear train are given in 
Tables IV and V. 

The method of making these shunting calculations 
in train control track circuits is described in Appendix II. 


CONCLUSIONS 


In Fig. 3 the curves 3 and 4 describe the shunting of 
the track relay as a train passes through the block 
during dry weather conditions. The resistance of the 
shunt must be less than 0.366 ohm, as shown on curve 3, 
when the train enters the block to cause the relay to 
release its contacts and as the train proceeds the resis- 
tance must remain less than the resistances shown on 
curve 4 to prevent the relay from picking up. If the 
relay should pick up, the shunting resistance must de- 
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crease again below the values shown on curve 3 to 
cause the relay to release its contacts. 

The curves in Figs. 6 and 7 describe the shunting 
requirements for safe operation of the train control 
equipment. For instance, during dry weather con- 
ditions when there is a train in the middle of a block 
and a following train is entering the block, curve 3 
in Fig. 6 shows that the resistance of the shunt of the 
forward train must be less than 0.096 ohm to cause 
the primary relay on the rear train to release its con- 
tacts and the resistance must remain less than the 
values shown on curve 4 to prevent the relay from 
picking up as the train proceeds into the block. If 
the relay should pick up the shunting resistance must be 
reduced to a value less than those shown on curve 3 to 
cause the relay to drop away again. 

In the ordinary track circuit, the wheels of a train 
shunt out the track relay in series with the rails of the 
track; but in the case of a forward train shunting current 
from a rear train, there is only the impedance of the 
rails between the two trains and the impedance through 
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the wheels and axles of the rear train to be shunted. 
The effect of the shunting on the primary relay is not 
so good as the shunting of the track relay, and the 
shunting effect on the primary relay on a following train 
becomes poorer as the train runs closer to the train 
ahead. 

In short train control track circuits the condition 
of the ballast has little effect on the shunting of the 
primary relay; but in longer circuits, a mile or more in 
length, the ballast resistance has a considerable effect. 
The curves show that the shunting is better during wet 
weather than it is under dry weather conditions. 
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ANNUAL REPORT OF COMMITTEE ON APPLICATIONS TO MARINE WORK* 


To the Board of Directors: 


The activities of the Committee on Applications to 
Marine Work this year were devoted chiefly to the 
dissemination of the Marine Standards (A. I. E. E. 
Standard No. 45), cooperation with the N. F. P. A. 
(Committee on Fire Detection and Alarm), cooperation 
with the American Marine Standards Committee on 
specifications for water tight receptacles and the ex- 
penditure of furtherefforts toinduce the U. S. Steamboat 
Inspection Service to recognize and properly classify the 
electrical engineer on shipboard. 


A. I. E. E. Standards No. 45 were issued in June 1927. 


The committee this year made a special effort to dis- 
tribute the Standards to all departments of the marine 
industry likely to be interested and as a result of this 
campaign 750 copies were sold. 

The Standards are recognized and accepted by the 
various marine classification and insurance societies, 
naval architects and marine engineers, and are incor- 
porated as one of the regulating provisions in their 
specifications. A. I. E. E. Standards No. 45 are there- 
fore a recognized success and will serve to standardize 
the electrical installations on shipboard and to stimu- 
late the use and proper care of electrical machinery in 
the marine field. 

The Conference Committee on Fire Detection and 
Alarm requested our cooperation in connection with 
recommendations which it was preparing forthe Steam- 
boat Inspection Service, of fire alarm and fire detecting 
systems. In compliance with this request, our com- 
mittee reviewed its proposed recommendations in 
detail and subsequently held a joint meeting with its 
representatives, at which all points of difference were 
discussed. 

The committee also cooperated with the special 
committee on water tight receptacles appointed by 
the American Marine Standards Committee of the 
Bureau of Simplified Practise, to draw up specifications 
for water tight receptacles for shipboard service. 

Considerable time was spent in connection with the 
proposition of inducing the U. S. Steamboat Inspection 
Service to make provision in its regulations for the 
proper rating and classification of the electrical engineer 
on shipboard. To this end, our committee prepared its 
report containing a statement of the status of the 
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present electrical personnel, reasons for higher and 
proper rating and recognition of the electrical engineer 
on board ship, together with a suggested list of ratings 
and grades for the electrical personnel of the various 
classes of ships. These recommendations were made 
in such manner as to permit licenses in the different 
electrical grades being taken out by those of the present 
steam and Diesel classified engineers who qualified. 

This report was presented by our subcommittee on 
personnel at the annual meeting of the U. S. Steamboat 
Inspection Service in Washington in January. Al- 
though final action was deferred by the Steamboat 
Inspection Service at its annual meeting, it decided to 
take our recommendation under consideration in the 
regular routine of its body and prepared plans to cir- 
cularize the marine operators for the purpose of solicit- 
ing their opinions in the matter of classifying electrical 
personnel. It is felt that favorable action will be taken 
by the Steamboat Inspection Service and its regula- 
tions modified in the course of time. Our sub- 
committee on personnel is keeping in close touch with 
the situation. 

In addition to the above chief items considered by the 
committee this year, the question of revision of present 
specifications was taken under advisement and arrange- 
ments made to automatically keep the specifications up 
to date by considering and acting upon all proposed 
changes as they are presented. In this way the time 
and effort required to get out the revised issue when 
necessary will be considerably minimized. 

The outstanding electrical developments in the 
marine field during the past year are as follows: 

1. The construction of five 3000-ship hp. turbine- 
electric drive U. S. Coast Guard Cutters. 

2. The placing in service of the S. S. California an 
18,000-ship hp. twin-screw turbine-electric drive passen- 
ger ship for the Panama Pacific Steamship Line. A 
sister ship to the California is now under construction. 

3. The conversion by the U. S. Shipping Board of 
three of their largest cargo vessels (Courageous, Defiance 
and Triumph) to Diesel electric drive. These vessels 
will have machinery suitable for 4000 ship hp. normal 
and 4500 ship hp. maximum continuous. 

Besides the above chief developments there have been 
a number of smaller craft equipped with electric pro- 
pulsion. The application of electrical equipment to 
ships is continuing at an increasing rate and the future 
looks hopeful indeed. 

With the passage of the Jones-White bill and its 
approval by the President, the American Merchant 
Marine has received its first real encouragement since 
the World War period. This bill contains several pro- 
visions which will undoubtedly stimulate the American 
marine industry. We can anticipate rapid develop- 
mentsin which electricity will play a very important role. 
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ITHIN a relatively short time conditions in 
WV transmission systems as regards continuity of 

service and maximum power have radically 
changed. A few years ago, the amount of power 
transmitted over important lines was relatively small 
compared with their ultimate transmitting capacity. 
In such cases, the systems were inherently stable, and 
there was a reasonable margin of power with respect 
to load swings and short circuits. Automatic voltage 
regulators were used at that time chiefly for maintain- 
ing more uniform voltage conditions than could be 
obtained by intermittent adjustment by hand control. 
Different types of regulators for this purpose have 
given satisfactory service for a number of years. How- 
ever, conditions have gradually changed. Within the 
last few years the power to be transmitted has increased 
to such an extent that it has now become necessary to 
eonsider means seriously for increasing the maximum 
power and for insuring continuity of service during 
transient disturbances, such as load swings and short 
circuits. The object of this paper is to present the 
results of an extended investigation along these lines. 
À new regulator is described which will accomplish the 
above purposes, and the theoretical analysis is con- 
firmed by test results. 


FACTORS INFLUENCING POWER LIMITS 


In order to facilitate an understanding of the princi- 
ples involved and the functions of voltage regulators 
and exciters.in a transmission system, some of the 
factors which determine the power limit of a system 
will be considered briefly. When the shaft load of a 
synchronous motor connected to an alternator, directly 
or through a transmission line, is gradually increased, 
à point is soon reached where no more electrical power 
can be supplied to the motor. The amount of power 
Which can be thus supplied depends upon the total 
reactance between the generator and motor, including 
their interna] reactances, and upon the values of excita- 
tion which exist. Small values of excitation give small 
values of breakdown power, and large values give large 
Values of breakdown power. 

he magnitudes of the excitation which can be 
applied to the machines are limited by the condition 
that certain predetermined terminal voltages shall not 
jie For different sets of fixed excitation 
Nes there will be corresponding values of terminal 
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voltages and power when breakdown occurs. Under 
these conditions of fixed field excitation, the maximum 
power obtained is termed the steady state or static 
power limit for those terminal voltages. For instance, 
if the power on a given system is 100,000 kw. when the 
machines pull apart, and if the terminal voltage is 
220,000 volts at this instant, all excitations being held 
constant, then 100,000 kw. is the steady-state power 
limit for operation at 220,000 volts. 

Under proper conditions of variable excitation it is 
possible, however, to operate beyond this limit. The 
first experimental evidence that this was practicable was 
obtained? by the use of devices which increased the 
excitation as a function of load current, and thus com- 
pensated for armature reaction simultaneously with its 
occurrence. While recognizing the advantage of such 
factors as mechanical inertia, damping, and electro- 
magnetic transients in stabilizing operation during 
system disturbances, earlier investigation, including 
tests with existing standard commercial regulators, had 
nevertheless not brought out the full possibility of 
utilizing these factors in producing stable operation 
above the steady-state limit. Indeed they definitely 
showed that even if it were possible to hold the machines 
in synchronism significantly above that limit, this was 
accompanied by prohibitive hunting. Later investi- 
gation, however, showed that stable operation beyond 
the steady-state limit was possible with control by a 
vibrating contact regulator having special and unique 
characteristics. This will be fully discussed later. 


DYNAMIC STABILITY 


When operating below the steady-state power limit, 
machines are inherently stable, t. e., with no changes in 
the electrical constants, certain increments of shaft 
power may be applied without loss of synchronism, and 
the machines are thus considered to be in static equilib- 
rium. For values of transmitted power above the 
static power limit, conditions are radically different. 

Although equilibrium may exist for certain values of 
excitation, power, angular displacement, etc., neverthe- 
less, if the excitations remain constant, any increase in 
shaft load increases the angular displacement with a 
resultant decrease in transmitted power. Thus, for 
this condition the rate of change of power with respect 
to angular displacement is negative, and any change in 
shaft load produces cumulative action. Fortunately, 
due to inertia of the moving parts, the damping action 
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of short-circuited rotor windings, and the tendency of 
the flux linking the field winding to remain constant, 
the process of falling out of step is relatively slow; and 
if the excitations are properly adjusted following a 
change in shaft power, the machines can be held in 
equilibrium. 

Similarly, when a decrease in shaft power occurs, 
the angular displacement decreases with a resultant 
increase in transmitted power. For conditions of fixed 
excitation, the machines will thus continue to approach 
each other in phase position, and will come to equilib- 
rium at a smaller angle for which the machines are 
inherently stable. 

Dynamic stability may be further illustrated by 
considering the equations of the simple case of two 


identical cylindrical rotor machines connected directly 


together electrically. 
The power as a function of the excitations or nominal 


1—Vecror DIAGRAM FOR Two IDENTICAL CYLINDRICAL 
Roror MACHINES ON THE SAME Bus 


Fic. 


voltages (assumed to be the same on both machines) 
and the angular displacement between the rotors, is 
€ 4" A 
P= i sin 6 (1) 
where 
€, = nominal voltage corresponding to the excitations 
on the generator and motor. 
x total reactance of both machines. 
ô = the angular displacement between the rotors. 
From this relation, it may be seen that the same 
power may be transmitted at two values of 6, 2. e., one 
angle 6’ less than 90 deg., and another angle (180 deg. 
— 6’) greater than 90 deg., for given values of excita- 
tion and reactance. The vector diagram is as shown 
in Fig. 1. From this figure, it is evident that the 
terminal voltage is different for these two operating 
angles and is given by the equation 
6 


€, = ĉu COS 2 


(2) 


From the standpoint of power transmitted, it is thus 
immaterial whether operation occurs at ô’, less than 
90 deg., or at 180 deg. — 6’, greater than 90 deg., for 
given values of nominal voltage. However, the termi- 
nal voltage will be less in the latter case, the comparison 
being cos (90 deg. — 6’ 2) or sin 6’/2, with cos 6’ /2. 
Therefore if the terminal voltage is to be the same, we 
must operate at greater excitations at 180 deg. — 6’ 
than at 6’ and consequently more power can be 
delivered. 
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It is considerably more difficult to maintain equilib- 
rium at 180 deg. — 6’ than at 6’ since the rate of change 
of power with angular displacement is negative and the 
machines are in a state of dynamic balance. Any 
increase in shaft power will cause breakdown if the 
excitations are not changed, and any decrease in shaft 
power will cause the angular displacement to revert to 


'the inherently stable angular displacement, ó', with a 


resultant abnormal rise of terminal voltage. 

Operation above the static power limit thus necessi- 
tates a continually varying excitation. What appears 
at the present time to be the most suitable means for 
properly controlling these ‘excitations is an automatic 
voltage regulator of suitable design. 


AUTOMATIC VOLTAGE REGULATORS 


Automatic voltage regulators are of two general 
types, t. e., the rheostatic type and the vibrating con- 
tact regulator. The characteristics of different regu- 
lators of the same general type may be essentially 
different, depending upon the constructional features 
and methods of control. 

Before the introduction of automatic voltage regu- 
lators, voltage was controlled by hand adjustment of 
rheostats in the field circuits of the exciter or alternator. 
Such control is necessarily rather intermittent and it is 
evident that a regulator designed to perform the same 
functions as hand control, but more continuously,’ 
would materially improve voltage conditions. The 
rheostatic type functions in this way, and for certain 
conditions of operation gives quite satisfactory service. 


One of the advantages of such a regulator lies in the 
fact, that by suitable design, the entire regulator may be 
stationary for relatively long periods of time during 
steady load conditions, resulting in quietness of opera- 
tion. The ratio of the time that the rheostat is in 
motion to the time that it is stationary is largely 
determined by the voltage sensitivity of the controlling 
relay. The greater the sensitivity of this relay, the 
smaller will be the voltage change required to operate 
the contacts and the motor-driven rheostat will be in 
motion a larger part of the time. With extreme sensi- 
tivity, the relays and motor-driven rheostat would 
be in operation all the time and the regulator would be 
essentially a vibrating contact regulator. The sensitiv- 
ity of this relay has an important effect upon the 
possibility of such a regulator controlling operation 
above the static power limit. 


When machines are operating above the static 
power limit they are continually in the incipient stage 
of breakdown. As they begin to break from synehro- 
nism, the terminal voltage changes are small, but if 
these small changes of terminal voltage are not cor- 
rected, the machines soon obtain sufficient velocity of 
separation to make it extremely difficult to restore them 
to equilibrium at a later instant, regardless of the speed 
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of build-up of the excitation voltage. In order that 
such a regulator may respond to these small voltage 
changes, the controlling relay must be made very sensi- 
tive to small voltage changes with the résult that the 
regulator will be in operation at all times, even for power 
transmission below the static power limit. One of the 
advantages of this regulator is then lost, 7. e., still opera- 
tion over relatively long intervals of time, and it 
becomes essentially a vibrating contact regulator. 

A characteristic common to all vibrating contact 


[==] og 


Fic. 2—ScuEMATIC DIAGRAM OF AN EXCITATION SYSTEM 
CONTROLLED BY VIBRATING CONTACTS 


voltage regulators is that the amount of excitation is 
controlled by periodically short-circuiting a resistance 
in the excitation circuit as shown in the simple diagram 
in Fig. 2. 

When the contacts are closed all the time, maximum 
voltage is obtained at the exciter terminals, and when 
open all the time, minimum voltage is obtained. By 
varying the ratio of the time that the contacts are 
closed to the time that they are open, any value of 
average exciter voltage between these limits can be 
obtained. 

There are different ways by which a vibrating contact 
regulator can change the average exciter voltage from 
one value to another. One method is to close the 
contacts at once and keep them closed until the desired 


Fic. 3—VARIATION OF EXcITER VOLTAGE AS A FUNCTION 
or TIME FOR THE CASE OF A SUDDEN DROP OF ALTERNATOR 
VOLTAGE 


Contacts close and stay closed until the new value of exciter voltage is 
reached 


exciter voltage is reached, vibration then being resumed 
at the proper ratio of time-closed to time-open to 
maintain this new exciter voltage. 

Another way would be to suddenly change the ratio 
of time-closed to time-open to a value which will 
ultimately sustain the new value of exciter voltage. It 
might seem that, since the ratio of time-closed to time- 
open is changed suddenly to a new definite value, the 
new average exciter voltage is immediately obtained. 
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This, however, is not the case, the new average exciter 
voltage being obtained only after a relatively long 
transient. The equations for this transient are derived 
in the Appendix (see complete paper). 

Although, in both cases, steps are taken at once to 
increase the average exciter voltage, nevertheless there 


Time ——»- 

Fic. 4—VaRIATION OF EXCITER VOLTAGE AS A FUNCTION 
OF TIME FOR THE CASE OF A SUDDEN Drop OF ALTERNATOR 
VoLTAGE, WHEN THE Ratio or TiME-CLOSED TO TiME-OPEN 
OF THE CONTACTS SUDDENLY CHANGES 


is a marked difference in the time required to attain this 
new value. When the contacts close and remain closed 
until the new average exciter voltage is reached, the 
exciter voltage builds up at the inherent magnetic rate 
of the exciter, and, as a function of time, will appear 
asin Fig. 3. It is evident that for this case the maxi- 
mum voltage rate possible is obtained from a given 
excitation system. 

When the ratio of time-closed to time-open is merely 


Fic. 5—OScILLOGRAPHIC VERIFICATION OF Fig. 3, USING 


NEw REGULATOR 


Curve A: Exciter voltage 
Curve B: Alternator voltage 


changed from one value to another, normal vibration of 
the contacts 1s not momentarily interrupted, and the 
transient appears as shown in Fig. 4. 


The difference in time required for a given change of 
exciter voltage can be readily appreciated by inspection 
of Figs. 3 and 4. As seen from Fig. 4, any regulator 
which operates on the principle of suddenly changing the 
ratio of the time-closed to the time-open of the contacts, 
causes the rate of change of average exciter voltage to 
be very seriously reduced below its inherent or maxi- 
mum rate, and is seriously handicapped for operation 
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under conditions of dynamic stability. In other words, 
such a principle used in a scheme of voltage regulation 
makes the effective voltage rate of the exciter much 
lower than the possible rate which might be obtained. 

Oscillographie verification of the curves shown in 
Figs. 3 and 4 are shown in Figs. 5 and 6. In making 
these tests to determine the effect on the exciter voltage 
of a sudden small reduction in the a-c. voltage, a 
separate source of voltage, not controlled by the regu- 
lator, was impressed on the control coils. The relays 
of the regulator controlled the terminal voltage of an 
exciter in the usual way and the oscillograms were taken 
of the variation in exciter terminal voltage when the 
amplitude of the impressed voltage was suddenly 
decreased. 

The difference in effective exciter voltage rate for the 
two cases, particularly for very small changes of 
impressed voltage, is so marked that a regulator 
operating on the first principle can effectively control 
machines in stable operation far above the static power 
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6—OscILLOGRAPHIC VERIFICATION OF Fig. 4, UsiNG 
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Curve A: Exciter voltage 
Curve B: Alternator voltage 
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limit, whereas a regulator operating on the principle of 
suddenly changing the ratio of time-closed to time-open 
of the relay contacts, gives about the same results as 
good hand control. 


SHORT CIRCUITS 


Sudden disturbances, such as short circuits, result in 
a sudden drop in terminal voltage with a resultant loss 
of considerable synchronizing power for given condi- 
tions of angular displacement, fluxes, field currents, etc. 
Hence, at the instant a short circuit occurs, the angular 
displacement between the various machines begins to 
change and sufficient momentum may soon be acquired 
to cause loss of synchronism if corrective measures are 
not taken at once and as rapidly as possible. 

Just as in the case of dynamic stability, inherent 
damping, inertia, and the tendency toward constant 
air-gap flux are favorable, their general effect being to 
increase the time required for breakdown to occur after 
a short circuit and in some cases they may, acting alone, 
prevent breakdown from occurring at all, if the short 
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circuit is cleared in a reasonable time. In general, 
more time is permitted for excitation changes when 
these factors are large than when they are small. 

However, such favorable factors which do exist do not 
seem to be sufficiently effective to allow the use of 
exciter voltage rates available in standard exciters, 
although these rates are sufficient for dynamic stability. 
This point is fully discussed in the companion paper by 
Mr. R. E. Doherty. As pointed out in that paper, the 
requirements of an excitation system to take care of 
short circuits are that the change of exciter voltage be 
Initiated at once, and that it increase at a very rapid 
rate to the value which has been determined by the 
conditions of the particular case. 

To fulfil the above requirements, the regulator must 
promptly close its contacts and keep them closed until 
the proper excitation voltage is reached, and the exciter 
voltage rate must be relatively high. Moreover, the 
regulator must not distinguish between phases—. e., it 
must act the same way regardless of the phase on which 
the short circuit occurs. Regulators which will accom- 
plish this are commercially available. 

If the a-c. voltage change is non-symmetrical, 2. e., 
different on the different phases, as in the case of single- 
phase short circuits, the response of a regulator con- 
trolled from one phase only will be different, depending 
upon the phase to which it is connected. In order that 
the regulator action shall be the same, regardless of the 
phase which is short-circuited, various schemes are 
available. One of them provides an actuating a-c. 
voltage for the regulator which is proportional to the 
positive phase sequence component of the three-phase 
line voltage. Another scheme, which is very effective, 
is to replace the usual a-c. voltage coil of the regulator 
by a small polyphase stationary torque motor, the 
shaft of which replaces the pivot of the right-hand lever. 
A dead short circuit on any phase then causes the torque 
of this motor to become zero, and therefore maximum 
effectiveness in increasing the exciter voltage is 
obtained. 


AIRPLANE CARRIER LEXINGTON 
ESTABLISHES NEW RECORD 


The Navy’s airplane carrier Lexington established 
a new world record speed run of 700 nautical miles, 
covering the distance in 24 hours, at an average rate 
of speed of 29.2 knots, while en route from San Pedro, 
Calif., to Honolulu, the Department of the Navy was 
informed June 11 in a dispatch from Capt. A. W. 
Marshall, commanding the ship. The average speed of 
the vessel, when computed in land miles was about 
33 mi. per hr. 

The contract speed of the Lexington is 33 knots per 
hour. She has not yet been finally accepted by the 
Navy, in view of the removal of the last stages of the 
blading of the turbines of the vessel, which were found 
defective and will be replaced. 


Mining Work 


ANNUAL REPORT OF THE COMMITTEE ON APPLICATION TO MINING WORK* 


To the Board of Directors: 


In reviewing recent progress made in the application 
of electrical power in mines, one is inclined to conclude 
that it has been effected by the general economic con- 
ditions prevailing in the mining industry. Over- 
production facilities in men and mines, labor problems, 
and freight rates are factors which are vitally influencing 
the prosperity and accomplishments of the business. 


Conferences of mine managers and manufacturers of 
mining equipment, together with the meetings of 
engineering societies, indicate that the mechanization 
of mines is making great progress; in fact, definite 
conclusions have been reached that, under many con- 
ditions, mechanization pays. Considering the great 
investment required, and the new problems arising 
in the concentration of men, equipment, and supplies, 
creditable economies are being effected in the mechani- 
cal loading of coal where but an average tonnage is 
obtained from the equipment. Mine managers are 
realizing that the successful loading of coal is not 
solved by the purchase and installation of the machine, 
but that it involves many other operations, such as 
mining the coal, car dispatching, transportation, and 
mine planning. The question of cleaning the coal 
must also be included, since machine-loaded coal con- 
tains the impurities which, in hand loading, are left in 
the mine. 


In 1926, about ten million tons of bituminous coal 
were loaded mechanically by 455 machines, this being 
an increase of approximately 60 per cent over 1925. 
While no complete reports are available at the present 
time concerning the number of machines in operation 
during 1927, certain information indicates that there will 
be a decided increase over those used in 1926. Due to 
the suspension of mining in Illinois and Indiana, the 
tonnage loaded in 1927 will not show much increase. 


As the mechanization of mines continues, so does also 
the demand for equipment approved by the United 
States Bureau of Mines. This is due to the fact 
that much of the equipment required in mechanical 
loading and conveying machinery is used at the face 
workings where the maximum danger from gas and dust 
exists. The use of electrical equipment approved by 
the Bureau of Mines is becoming so general that there 
is in operation a bituminous coal mine with a daily out- 
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put of 3500 tons, in which all of the underground electri- 
cal apparatus carries the permissible plate of the 
Bureau. Power for the motors in the mine is supplied 
by storage battery power trucks. 

In some mines, mechanical loading means the use of 
several 125-hp. scraper hoist motors. A loading system 
of this type requires the transmission of power at | 
2200 volts. Proper protection is attained when using 
electricity at the above voltage, by the use of metallic 
armored cables placed in intake airways, and supported 
by a steel messenger wire. A cable crossing a track is 
taken underneath it in a conduit or concrete duct. 
Branch line taps are safeguarded with the usual pro- 
tected oil switches. 

The maintaining of a satisfactory d-c. voltage at the 
working face becomes more important each year. A 
200-kw. portable rotary converter with its necessary 
accessories has been profitably used to attain such 
results. The transformers, switchboard, and control 
panels are mounted on trucks with the same gage as the 
mine tracks. A special frame structure is bolted to the 
converter making it possible to attach a truck to it. 
A movement of the entire station is contemplated every 
six months. Experience has shown that a complete 
move requires a period of eight hours. 

An improved electric cap lamp consisting of a two- 
filament gas filled bulb and a bakelite head piece has . 
been placed on the market. The new bulb produces 
more light, and the head piece, being an insulator, 
reduces the possibility of accident when worn in the 
vicinity of electrical conductors. When the main 
filament burns out, the auxiliary filament may be: 
turned on, thereby enabling the miner to complete his 
day's work or come out of the mine. As the intensity 
of illumination in the mines is increased, greater safety 
may be expected, and no doubt an improvement in the 
efficiency of labor will follow. 

Comprehensive dispatching systems are being placed 
in operation, their success depending upon a more 
general use of telephonic and automatic signal systems. 
In large mines, a system of this type is necessary to get 
the highestoperating efficiency from the haulage system. 
Telephones are used to distribute the cars, and a signal 
system moves the trains over the main haulage roads. 
These systems relieve the mine foremen of considerable 
detail work, and give them more time for other 
important mine management problems. 

The haulage costs in mines with a large output are 
being reduced by the introduction of larger mine cars 
and heavier locomotives. Main line locomotives — 
equipped with three axles and weighing 35 tons are now 
being used in mines where two-axle locomotives were 
too small for economical operation. Locomotives of 
this type have an electropneumatic control, air brakes, 
and dynamic braking for handling loads on down grades. 
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An increase in the motor capacity of large locomotives 
is being obtained by the use of forced ventilation, which 
is produced by a separate motor-driven blower mounted 
on the locomotive. The ventilation of the motors has 
been found to double their continuous rating. Not- 
withstanding the additional equipment necessary for 
ventilating the motors, the results obtained are so 
satisfactory that it has been adopted as standard 
practise by some manufacturers building three motor 
locomotives weighing 25 to 35 tons. 

The largest mine locomotive ever built has been 
recently placed in service. It weighs 38 tons, has a 
36-in. gage, and semi-elliptic leaf type springs with a 
three point equalization. Three 133-hp., 500-volt 
d-c. motors with forced ventilation will furnish the 
power. A semi-magnetic control arranged for series 
parallel operation of the motors in either direction 
constitutes the control equipment. The drawbar pull 
on level track at 3314 per cent adhesion will be 23,333 
lb. at a speed of 7.4 mi. per hour. 

Mechanical loading has concentrated and increased 
the service required from gathering locomotives to such 
an extent that heavier and slower speed locomotives 
are proving to be the best type. A reduction in the 
speed of gathering locomotives to 31 mi. per hour 
makes it possible to do the same work with a consump- 
tion of 30 to 40 per cent less power. 

The transportation of coal long distances by belt 
conveyors instead of locomotives is making progress. 
Mines in which the coal travels from the face to the 
tipple on conveyors are possibilities. 

The world’s largest electrically operated shovel will 
go into operation during this year in the open-pit mines 
of Illinois. It is equipped with a 15-cu. yd. dipper, and 
a boom 120 ft. long. Two 450-hp. motors will pro- 
vide the power for hoisting, and two 150-hp. motors 
will do the swinging. A Ward Leonard control will be 
used, involving a motor generator set, the synchronous 
motor of which will have a capacity of 1700-kv-a. 
Shovels of this size will reduce the unit cost of the 
material handled, and make it possible to increase the 
ratio of overburden to coal in strip mining. 

Where gaseous mines are being supplied with elec- 
trical power from large public utility plants over long 
transmission lines, installations are being made which 
will make it possible to operate the fans, and to hoist 
the men during periods when the normal supply of 
power has failed. An installation of this type consists 
of two fans, and a man hoist driven by a-c. motors, 
three-phase, 60 cycles, and 2200 volts. When an 
interruption of the power occurs, the above equipment 
is supplied with power at 40 cycles, and 1500 volts. 
Under these conditions, the control apparatus will 
function properly, and the motors will operate at two- 
thirds speed, which is sufficient to keep the mine clear 
from gas and to hoist the men. The emergency power 
is produced by a gasoline-engine-driven, 200-kv-a. 
generator capable of being started by a push-button 
In case of a power interruption. 
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A notable electrification program of a large copper 
mining company has just been completed. The com- 
plete electrification of its 28 mines with a connected 
motor load of about 65,000 hp. shows that electrical 
power is an important factor in the copper industry. 
Engineers have overcome many difficulties in the instal- 
lation and maintenance of electrical apparatus in 
copper mines, where the action of copper sulphate 
is so harmful. 

In another open-pit copper property, there are 23 
electrically-operated shovels in service. This year the 
entire steam haulage system consisting of 52 steam 
locomotives will be replaced by 37 trolley locomotives 
each weighing 75 tons. 

In hard rock ore mines, as distinguished from coal 
mines and other soft ore mines, experiments are being 
conducted on the electrical equipment required by 
loaders, slushers, and other machinery. Much progress 
is being made in the adaptation of motors to this excep- 
tionally severe service. 

Automatic controls for mine substations, fans, pump- 
ing plants, and air compressors are being contin- 
ually developed and placed in operation. At the 
present time there are about 200 automatic pumping 
stations in operation in the anthracite coal field, repre- 
senting an annual saving in labor cost of approximately 
$500,000. "The automatic stopping and starting of air 
compressors has been developed and several are in 
successful operation. 

A rather unique application of electricity in the 
mining industry consists in using it for heating the 
bathing water for those employees who work on holidays 
or during periods when most of the regular force is idle. 
In one instance, a steam plant is necessary to heat the 
water for the normal force of 600 men, while during 
idle days, immersion heating units in a tank provide 
sufficient hot water for the reduced force of 25 men. 

It is becoming more noticeable each year that the 
managers of the mines are giving more attention to the 
maintenance and care of the electrical equipment, 
resulting in a decreased maintenance cost and a better 
operating efficiency. "The mine electrician in charge of 
the electrical equipment is given more authority and is 
directed by the electrical engineer .in all technical 
questions. Frequent inspections of the mine by the 
engineer and the electrician, together with a good 
operating organization materially reduce the number of 
equipment failures, so disastrous to good production. 


Average production per man in blast furnaces in the 
United States increased from 25 tons in 1850 to 1257 
tons in 1925, according to the Department of Labor, 
based upon a study of the subject. 

The increase has been almost continuous except for 
the years immediately affected by war conditions. 
During the period from 1850 to 1925 the number of 
employees in the blast furnace industry increased only 
44 per cent, while the output increased more than 
7000 per cent. 


Research 
ANNUAL REPORT OF THE COMMITTEE ON RESEARCH* 


To the Board of Directors: 


1. THE RESEARCH COMMITTEE 


In order to increase the activities and usefulness 
of the committee it seemed desirable to appoint working 
subcommittees to take charge of the several important 
divisions of the work. The following have been 
appointed: 

Subcommittee on Placing of Research Subjects with 
Suitable Persons and Organizations—(D. W. Roper, 
Chairman). 


Subcommittee on Training of Research Men—(V. 
Bush, Chairman). 


The membership of the committee should be so 
chosen that a considerable percentage of the member- 
ship of the subcommittees will overlap from year to 
year. The appointment of several other working sub- 
committees is under consideration. It is hoped that 
the working committees of the Research Committee 
will eventually make it as effective in the research 
field as similar working committees have made the 
Standards Committee in the standardization field. It is 
suggested that consideration be give to changing the 
Research Committee from a technical committee to a 
standing committee. 


2. EXAMPLES OF OUTSTANDING RESEARCH DURING 
: THE YEAR 


The spectacular contribution to the communication 
art in the past year has been television. This has a 
particular interest from the standpoint of research 
since it was made possible by improvements in mechan- 
ical and electrical facilities that have sprung directly 
from research work, instances of which are improvements 
in photoelectric cells, in methods of amplification, 
In gaseous discharge lamps for producing visible effects 
from rapidly changing electrical signals, and im- 
proved methods of synchronization of widely separated 
points. 

Other developments are the Knowles tube and its 
application to the televox, starting electrical equipment 
at a distance, and the development of a 50 million-cycle 
tube with a 10-kw. output. The increase in power 
of many American and foreign radio stations, making 
them international in their effects, raised the question 
as to whether or not the national standards of radio 


*COMMITTEE ON RESEARCH: 


F. W. Peek, Jr., Chairman. 


H. D. Arnold, W. P. Dobson, E. W. Rice, Jr., 


Edward Bennett, V. Karapetoff, D. W. Roper, 
V. Bush, A. E. Kennelly, C. H. Sharp, 
E. H. Colpitts. S. M. Kintner, C. E. Skinner, 


wW. F. Davidson, R. W. Sorensen, 
W. A. Del Mar J. B. Whitehead. 


Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25-29, 1928. 


M. G. Lloyd, 
C. E. Magnusson, 


frequency of various governments were in agreement. 
During the past year a check was made by Dr. Dellinger 
of the Bureau of Standards in the National Laboratories 
of England, France, Italy, and Germany by means of 
the temperature controlled piezo-oscillator. The aver- 
age difference was only 0.03 kilocycles in 1000. This 
is much smaller than the variation of 0.5 kilocycles - 
allowed broadcasting stations in this country. 

A radio beacon system establishing an invisible 
but infallible course along which aviators can fly 
regardless of weather conditions, has been sufficiently 
perfected by the Bureau of Standards so that routine 
use of it on regular airways is beginning. 

A most impressive and historic event took place 
at the Winter Convention this year. Through the 
courtesy of the American Telephone and Telegraph 
Company and the British Post Office a joint meeting 
took place over the radio telephone between the 
Institution of Electrical Engineers of Great Britain 
meeting in London and the American Institute of 
Electrical Engineers meeting in New York. 


There has been a number of researches during the 
past year of a fundamental nature. Particular mention 
might be made of the work of Davison and Germer 
regarding the diffraction of electrons by crystals of 
nickel. They prove that electrons behave at reflection 
as though they had wavelengths dependent upon their 
velocity. The discovery and measurement by J. B. 
Johnson of an electromotive force due to the thermal 
agitation within conducting materials is also of 
importance. 


Among new tools which increase the scope of funda- 


.mental work in physics and engineering might be 


mentioned the operation by Coolidge of three cathode 
ray tubes in series at 900,000 volts. 


A lightning generator producing impulses of over 
3,000,000 volts also offers an important tool for the 
extension of fundamental work in physics and 
engineering. 

Considerable important work on insulation measure- 
ments and lightning measurements on transmission 
lines is being carried out. 


An analysis of the important fundamental research 
of the country shows that a fairly large percentage is 
still being done by the large industrial laboratories 
such as those of the American Telephone and Telegraph, 
the Westinghouse, and the General Electric Companies. 


3. RESEARCH ORGANIZATIONS 


While the large manufacturing companies are still 
doing a considerable percentage of the important funda- 
mental research, there are indications that our colleges 
and other organizations will play an increasingly 
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important part, as they should. It is reassuring that 
funds are more readily available than ever before. 

An important new factor in research has been given 
us in the Bartol Foundation, the result of a large be- 
quest. Dr.Swann, director of this organization, which 
will undoubtedly have a very important influence on 
future American research, has kindly supplied the 
following information regarding it. 

“The Bartol Research Foundation of the Franklin 
Institute is at present located in three houses at 127 
No. 19 St., Philadelphia. These houses were made 
over a few years ago for laboratory purposes, and 
comprise ten research rooms, a library, glass blowing 
room, shop, and accommodations for storage battery 
equipment, etc. 

The present site is only temporary, pending the 
completion of a new laboratory. By an arrangement 
with Swarthmore College, it has been decided to 
build upon the campus of the college. By this arrange- 
ment the laboratory secures a site free from the dis- 
turbances of traffic and protected as regards its sur- 
roundings. It secures a congenial academic atmosphere 
such as most of its members have been accustomed to. 
On the other hand, while there is no affiliation to the 
college itself, the college feels that our presence will 
rebound to its advantage in many ways, and we hope 
and feel that this will be so. 

The laboratory will be about 110 ft. long and 50 ft. 
wide, comprising a basement, first and second floor, 
and a subbasement large enough to accommodate one 
spectroscopic room. The attic will also accommodate 
two rooms. The basement floor includes a large ma- 
chine shop, wood shop, a glass blowing shop, and a 
battery installation, together with a room for miscel- 
laneous technical operations. 

The first floor will be devoted to research laboratories 
and a workshop for the fellows, and the director’s 
laboratory and offices. On the second floor there will 
be an apparatus room, a lecture room and large library, 
an optical shop, small office and research rooms, and the 
attic will provide for a chemical laboratory. The whole 
is designed to accommodate about ten or fifteen fellows 
together with the director, and research assistants. 
At the present time the technical staff comprises one 
instrument maker, one mechanic and an apprentice, 
also a full time glass blower and a general utility man. 

The main activities of the laboratory will be directed 
to the investigation of scientific problems pertaining 
to the fundamentals of electrical science. This is, 
of course, rather a wide field and comprises practically 
the whole field of modern atomic structure under its head. 

While the laboratory is primarily for research, it is 
proposed to provide in it such conditions for continued 
mental development as are desirable for young men of 
the post Ph. D. type. The director and the individual 
fellows take turns in lecturing to the group upon 
various phases of modern physics, particularly in 
relation to atomic structure. The Bartol Foundation 
has been fortunate in having many lecturers from Ameri- 
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can institutions, and a fund has been appropriated for 
the purpose of bringing from time to time distinguished 
physicists to stay here for a period of two or three 
months and give the laboratory the benefit of their 
intellectual contact. 

At the present time, the laboratory is accommodating 
six fellows on its payroll, one National Research 
Council fellow, a guest fellow, and one research 
assistant. It is possible that two or more National 
Research Council fellows will be here next year. 
Since October 1, 1927, eight publications of the Bartol 
Foundation have appeared in the Journal of the Frank- 
lin Institute and six publications of the results of 
investigations at the laboratory have been presented 
before the American Physical Society. 

The following investigations are at present under way 
at the laboratory. 

1. An investigation on the reflection of atoms of 
atomic hydrogen from crystal surfaces. 

2. The production of, and characteristic properties 
of X-rays produced by protons. 

3. An attempt to detect a magnetic field resulting 
from the rapid rotation of a copper sphere. 

4. An investigation concerning the pulling of 
electrons out of metal under intense electric fields. 

5. Aninvestigation of the loss of velocity of electrons 
as a result of the production of characteristie X-rays 
in the passage of the electrons through thin metallie 
films. 

6. Aseries of investigations pertaining to the mech- 
anisms involved in the production of the electric arc 
between carbon electrodes and metal electrodes. 

7. The design of an apparatus for the production of 
high electrical potentials. 

8. A series of investigations having to do with the 
effect of high-frequency fields on optical and allied 
properties of transparent media. 

9. An investigation of the nature of excitation of 
various lines in the mercury arc. 

10. An investigation of the part played by cosmic 
radiation in the production of radio activity. 

11. An investigation on the electrical conductivity 
of non-aqueous solutions of solvents. 

12. A theoretical investigation on the scattering of 
X-rays by matter. 

13. The preparation of a paper involving the results 
of observations of the cosmic radiation, made at Pike's 
Peak and New Haven." 

* * * * x 

The Public Utilities are entering the research field 
and are not only supplying money to colleges, but are 
also operating research laboratories. As an example, 
the Utilities Research Commission, made up of repre- 
sentatives of the utilities of which Mr. Samuel Insull 
is the head, has arranged for investigation of cable 
insulation at the University of Illinois, of lightning 
protection at Purdue, and of properties of insulation 
at the University of Chicago, etc. 

Important work is being carried on in insulation by 
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committees of the National Research Council, the 
N. E. L. A., ete. 

The Research Committee of the Institute serves as 
the Advisory Committee on Electrical Engineering to 
the National Research Council and is also closely 
cooperating with the Engineering Foundation. 


4. THE TRAINING OF RESEARCH WORKERS 


Results in research depend more upon men than 
money and laboratories. It is still a fact that in spite 
of organized research and group working in large 
laboratories, outstanding results are generally due to the 
genius or inspiration of the right mah. While such 
men cannot be manufactured in our colleges, natural 
ability can be developed under the proper influence. 
Apparently the colleges are making progress, as in- 
dicated by the report of Professor V. Bush, Chairman 
of the Subcommittee on Training of Research Engineers, 
which follows: 


"There is a considerable increase in the emphasis 
being placed on graduate study and hence on engineer- 
ing research, which is an important part of such study, in 
schools of advanced standing among the technical 
educational institutions of the country. The total 
graduate enrolment in engineering colleges on the basis 
of the statistics of the United States Bureau of Education 
was 1114 in 1925-26, 1566 in 1926-27, and 1669 in 
1927-28. The principal branches are civil, mechanical, 
electrical, and chemical engineering and in 1925-26 
these four included 807 out of the 1114. During the 
three years cited the figures for civil engineering are 
156, 240, and 266; those for mechanical engineering 
256, 206, and 240; and those for electrical engineering, 
281, 434, and 468. Of course these figures include 
many graduate students in technical schools where there 
is little important research being carried on; and perhaps 
only 30 or 40 per cent are in contact with research of a 
high order in their institutions. Still it is evident that 
there is an increasing tendency toward work of this 
nature in technical schools, and that this tendency is 
particularly marked in recent years among students 
of electrical engineering. 


It is believed that this tendency toward graduate 
study and research is a healthy development, and that its 
growth should be encouraged by industry and by the 
profession. Perhaps the greatest encouragement that 
can be given is for the students to learn that real 
achievement in advanced work ishighly regarded by the 
profession wherever such is the case. There is no 
doubt that the recent analysis by the Bell System of the 
correlation between high grades in college and success 
in later work on their staff, as presented by President 
W. S. Gifford in Harper's Magazine for May 1928, will 
have a real vital influence in encouraging a scholarly 
attitude on the part of undergraduates generally. 
Similarly, if the industry and profession find by ex- 
perience that graduate study of a serious sort is worth 
while for students of outstanding ability, the knowledge 
that such a conviction exists will be of the greatest value 
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in raising the tone of graduate study and research in the 
engineering colleges. It isto be hoped, therefore, that 
the membership of the Institute will watch this develop- 
ment of graduate study and research with interest, and 
that, if they believe it is a desirable thing for the 
progress of electrical engineering, they will make known 
their convictions in an effective manner. 

Direct aid of such work by industries is, of course, 
valuable, particularly when the research carried on at 
educational institutions is carefully correlated with the | 
regular instruction so that the full pedogogical benefit 
of working in a research atmosphere is obtained. Some 
years ago, for example, when graduate study in engi- 
neering schools was just beginning to grow, the Ameri- 
can Telephone and Telegraph Company contributed 
directly to electrical engineering research at the Massa- 
chusetts Institute of Technology, and the work resulting 
was conducted in close liaison with the instructional 
program of that institution. The research results 
obtained were themselves worth while, but more im- 
portant was, undoubtedly, the influence upon the 
student body and the early exposure of students to 
the research point of view. 

It is becoming increasingly evident in recent years 
that electrical engineering is adopting and applying 
more and more of mathematical and applied physics 
and chemistry. Handin hand with this adoption must 
go the training of research workers of high calibre who 
have the engineering attitude, if the greatest progress is 
to be made. Industrial research is being well carried 
on by the industry, but the principal supply of research 


Workers must come from the colleges; and, as electrical 


engineering becomes more and more complex, the 
training in advanced study and research in the technical 
schools must continue to expand as it has done in recent 
years to meet the need." 

F. W. Peek, Chairman. 


LEGISLATION PROBABLE TO 
CONSERVE OIL 


The Federal Oil Conservation Board may recommend 
to Congress, when it reconvenes in December, legisla- 
tion providing for the practical conservation of the 
natural petroleum resources of the country, in line 
partly with the recommendations of the Committee of 
Nine to the Board, made after an exhaustive survey, 
the Acting Secretary of the Interior, E. C. Finney, 
announced June 4. 

Declaring that the Board, consisting of the Secre- 
taries of the Interior, Commerce, War and Navy, was 
“likely to submit such a bill," Mr. Finney explained 
however, that there was considerable research work yet 
to be done. The major part of this work is in respect 
to the more efficient utilization of natural gas in the 
withdrawal of the petroleum, so that a larger percentage 
of extraction may be had through this natural pro- 
pelling medium, and, in a measure, obviate the present 
need of using expensive pumping processes for 
extraction. 


Braid Discharge in Single Conductor Cable in 
Ducts 


BY M. J. LOWENBERG! 


Member, A. I. E. E. 


Synopsis.— Where single-conductor braided cable is used in 
conduit, a discharge which may destroy the cable sometimes occurs 
between the braid and the duct. This can be prevented by the use of a 
metal covering, or with cerlain braids. Seine twine braid with 
weatherproof finish has given trouble in locations where flame- 


HE purpose of this article is to describe the failure 
of a single-conductor cable from arcs formed be- 
tween the braid and the duct in which the cable 

was installed, and some subsequent tests that were made 
to find an economical method of preventing its re- 
currence. Single-conductor 750,000-cir. mil cables with 
7/16-in. varnished cambric insulation and two weather- 
proofed cable-laid twine braids were installed in fiber 
ducts for the leads of a 13,200-volt generator. Shortly 
after the equipment was put into service one of the 
leads was destroyed. Examination showed burns 
for several inches along the cable near the edge of the 
duct entrance, the burned area being greatest on the 
outer surface and tapering as it approached the con- 
ductor. From inspection of the cable it was quite 
apparent that the trouble was not due to poor or faulty 
insulation. The ducts were not wet. 


When removed, put on a concrete floor, and tested, 


this cable evidenced both audible and visible discharge. 


at 4000 volts, increasing to great intensity at 8000 
volts, the normal operating voltage to ground. Several 
theories were then advanced as to the cause of the 
trouble. One theory was that the braid was damp, 
causing the charging current to drain off at points 
where the cable was in contact with the duct, and that 
these currents were sufficient to burn the braid and 
insulation. Those who advanced this theory believed 
that if the braid and duct were dry, no trouble would 
occur. The second theory was just the reverse. It 
was based upon the supposition that the phenomena 
could be likened to two condensers in series, one having 
varnished cambric as the dielectric, and one having air 
as the dielectric. 
insulator, there might be certain air-gaps between the 
braid and duct subjected to voltages in excess of the 
dielectric strength of the air. A curve illustrating this 
is shown in Fig. 1. Those who advanced this theory 
were of the opinion that if the braid were sufficiently 
conducting, the points of contact with the duct would 
reduce the potential across the air-gaps so tnat no dis- 
charge could occur. 


Tests were then made on cables having braids of 


l. Electrical Engineers, Stone & Webster, Ince., Boston. 


Then, if the braid were a perfect 


proofed asbestos braid has proved satisfactory. Asbestos braid is 
superior to colton braid. The article cites actual experiences en- 
countered, tests made, and remedies used. It is hoped that further 
thought will be given to this subject and a more satisfactory way 
found for preventing the trouble. 


different resistances. A cable having the same size of 
conductor and thickness of insulation as the one that 
failed, but using two cotton braids with a flame-proof 
instead of weatherproof finish, evidenced an audible and 
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Fig. 1—PorENTIAL STRESS—AIR-GaP CURVE 


A A.L E. E. needle-gap 

B Potential stress across air-gap between ground and outside of a 
750.000-cir. mil cable with 7/16-in. varnished cambric insulation with con- 
stant voltage of 5000 applied between conductor and ground. 

C Sameas Bexcept with 14 /16-in. varnished cambric insulation. 

B and C are plotted in accordance with the following equations: 


cee (D 
t = 
2 ieee: 
r 
C = pose ee 
r E 2 
2 loge ( h+ vyk- kR ) (2) 
R 

v = (3) 

and 2 = C + G: 


where C, is capacity per unit length between conductor and outside of 
cable, C2, that between outside of cable and ground, V, the potential of 
conductor to ground, and V2, that of outside of cable to ground. 

Kı dielectric constant of varnished cambric assumed 4.5 

K» dielectric constant of air = 1. 


visible discharge beginning at about 9500 volts on in- 
creasing voltage, and persisting on decreasing voltage 
to about 8000 volts. Tests at 19 kv. for 18 hr. 
indicated that any discharge at normal operating 
range of 13,200 to 14,500 volts was not sufficient to 
injure the cable. Additional tests, however, were 
made on the same type of cable, coating the braid with 
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aluminum paint and also with graphite. The alumi- 
num coating had a resistance of about 250,000 ohms per 
ft., the graphite coating about 2 ohms in 6 in., and the 
orginal braid about 100,000 megohms per ft. With 
these coatings, voltages as high as 15,000 volts could be 
applied before any audible or visible discharge was 
noted. 

The cable with the flame-proof braids and no other 
painting has been in service for about six years without 
any trouble, from which it is concluded that cable with 
flame-proof braid, operating at about 8000 volts to 
ground, will not be subject to this discharge. 

Since the experience related occurred, several other 
cases have come to the writer’s attention where cable 
with weather-proofed braid in ducts was destroyed due 
to discharge between the braid and the duct. The 
writer has been advised that in one installation the 
remedy adopted was to apply a strip of bronze tape 
around the insulation. The metal tape fitted tightly 
to the insulation and prevented discharge between the 
tape and the insulation. This tape produced little 
or no sheath current, even when grounded at both ends. 

Subsequently tests were made on 1,000,000-cir. mil 
cable having 12/32-in. varnished cambric insulation. 
Part of this cable had one tape and a single weather- 
proofed braid. Discharge began between the braid 
and ground at about 10,000 volts. At 20,000 volts a 
pronounced discharge could be seen, which, in all prob- 
ability, would have eventually destroyed the cable. 
This discharge appeared to be at an air-gap of about 
3/10 of aninch. A second portion of this cable had a 
tape and a Seine twine braid with flame-proof finish. 
This portion of the cable had a pronounced discharge 
at 4000 volts, and at 20,000 volts it discharged on 
a 7 &in. air-gap. It was quite apparent that this 
cable would not be satisfactory for operation above 
4000 volts to ground. The third section had a tape and 
asbestos braid with a flame-proof finish. This section 
showed a very slight discharge at one thread at 8000 
volts and only a very mild discharge at 20,000 volts. 

As a result of experience and tests it appears that 
there is a risk in using in ducts, single-conductor cables 
with Seine twine weather-proofed braids at a voltage 
over 4000 volts to ground unless a metal tape is used or 
the braid made somewhat conducting such as by the 
use of metallic paint. While no trouble has been expe- 
rienced with cables having cotton braids with a flame- 
proof finish, it appears that an asbestos braid with a 
flame-proof finish is superior. Metal tapes have 
an advantage over flame-proof or asbestos braids, 
however, in that the metal tape completely eliminates 
the corona discharge which while it may not destroy 
the braided cable, is objectionable due to the formation 
of ozone. 

It may be claimed that the solution of this particular 
problem is the use of lead sheath or conductors mounted 
on insulators. While these arrangements may be 
warranted in many cases, nevertheless there are cases 


ILLUMINATION ITEMS 


535 


which require cheaper construction if reliability toocan 
thusbeobtained. Today itseems quite possible to obtain 
cables with reliable insulation without resorting to 
the use of lead with the accompanying difficulties of 
sheath currents and the risk due to potheads. It is 
also often difficult to find space to install potheads at 
generator terminals. It is not claimed that the flame- 
proofed asbestos braid is a complete solution, as there 
are cases where the weather-proofed braid is desirable, 
and it would appear that some method might be de- . 
veloped whereby this braid could be made sufficiently 
conducting to prevent potential gradients that are 
destructive. 

The writer is indebted to the Simplex Wire and Cable 
Company for many of the tests made. 


MEASURING AND RECORDING 
CAR JOLTS 


Engineers are seeking constantly to design automo- 
biles that will ride more smoothly and comfortably; 
but so many road and car factors enter into the problem, 
and different passengers’ sense of comfort varies so 
greatly, that some more accurate means is needed to 
determine the riding qualities of a car than that of 
merely riding in it over good, bad, and indifferent roads. 

Numerous devices called accelerometers have been 
developed for the purpose of measuring and recording 
the jolts and vibrations to which a motor vehicle is 
subjected. The most recent of these is an electrical 
instrument developed by R. W. Brown, in charge of 
the engineering laboratory of the Firestone Tire and 
Rubber Co. He illustrates and describes it in a recent 
number of the S. A. E. Journal. 

Because of its relatively small size and the remote 
connection with the vibration counter through electric 
wires, this accelerometer can be mounted on any part 
of the vehicle so that a record can be made of the 
vibrations at any place. Thus the action of the tires, 
axles, springs, body and seats can be studied separately. 
By using separate accelerometers located in various 
positions the riding qualities of any individual portion 
of the vehicle can be segregated, yet all records made 
at the same time and on the same piece of road. With 
such records the engineer can proceed to work out the 
characteristics needed for improvement of each part. 

The new instrument contains a series of small weights 
normally held up against contact points by magnetism 
from an ironclad solenoid. An upward force breaks the 
contact and the weights move downward against light 
springs, which also serve as a lower contact. By 
means of adjusting screws, each of the weights can be 
set accurately for a given force or acceleration, and by 
varying the electric current a wide range of forces can 
be measured. 

The making and breaking of contacts by the weights, 
caused by vibrations or oscillations of the car, actuates a 
counter which records the number per second. This 
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counter must be capable of operating not less than 40 
times a second, which means that the total time required 
for open contacts must not exceed 3/1000ths of a second. 
It was found that a conventional clock-mechanism 
escapement could be operated at the necessary speed 
by means of a small electric current, so six counters of 
this type were incorporated in a self-contained unit 
with simple elements for measuring the variation in 
electrical resistance. | 

So sensitive is this instrument that variation of as 
little as five pounds in the air pressure in the tires is 
made very evident in the records obtained. 


ILLUMINATION ITEMS 
By Committee on Production and Application of Light 
A CORRECTION 

In the three preceding issues of the JOURNAL three 
articles appeared under the head of Illumination Items 
which were improperly credited to the Committee on 
Production and Application of Light. The articles 
were entitled, 

“White Light vs. North Skylight for Color Dis- 
crimination,” ; 

"Can We Have too Much Daylight?" 

“How We Read," 
and were received through the courtesy of the Lighting 
Research Laboratory at Nela Park to which they should 
have been credited. 


ULTRAVIOLET RADIATION AND HEALTH 

Two papers! (and several discussions thereof) 
bearing on ultraviolet radiation in relation to health 
appear in the March number of the TRANSACTIONS of 
the Illuminating Engineering Society. A wealth of 
detailed quantitative data is given on the amount of 
radiation of different wavelengths present in sunlight 
(and its variation throughout the year), and in the 
radiation produced by quartz mercury arcs, carbon 
arcs etc. The effects of different bands of radiation 
upon life processes and the transparency to such radia- 
tion of different types of light transmitting media also 
are studied. 

Messrs. Hughes and Pycha have found that winter 
sunshine in Kansas contains about one-eighth as much 
of the short wavelength radiation which is needed for 
normal bone development as that of July and August, 
but that even in winter there is more than. twice the 
amount required to secure the normal development of 
poultry. They use the bleaching effect of such radia- 
tion on an acetone-methylene blue reagent as an index 
of the amount present. 

Doctor Coblentz gives detailed information upon the 
spectral characteristics of Light Sources and upon the 
transmission of radiation of short wavelength by 
various media. 


1. A Preliminary Report of the Measurement of Variation of 
Energy in the ''Vita Spectrum" of the Sunshine in Kansas, 
J.S. Hughes and R. L. Pycha. 

Spectral Characteristics of Light Sources and Window Material 
Used in Therapy, W. W. Coblentz. 
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In a discussion presenting the physician's point of 
view, Doctor Herman Goodman gives the results of 
quantitative experiments he has made in this field. 

It appears that ultraviolet radiation in the narrow 
zone of wavelengths from 290 to 320 my. includes all 
that is of primary importance to life processes. 

This radiation is at the very limit of that which 
reaches the earths surface from the sun. Only 2 per 
cent of the sun’s energy reaching sea level at Washington 
is in wavelengths shorter than 310 my. The intensity 
of the solar radiation we receive decreases very rapidly 
as it approaches the limit, 290 mu., whereit is practically 
negligible. This applies to direct sunlight on clear 
days. Smoke and dust in the atmosphere greatly 
reduce the amount of energy received in these short 
wavelengths, and of course heavy clouds and fogs cut 
it off completely. 

Ultraviolet radiation outside of this narrow band of 
wavelengths seems to be entirely ineffective from the 
standpoint of the particular life processes considered. 

Both Doctor Coblentz and Doctor Goodman point 
out that the amount of radiation received from the sun 
which is of value from the standpoint of health is so 
very small during the winter months that the question 
of its transmission by windows is of little importance. 
Doctor Goodman says, “When the windows must be 
closed in winter, on cloudy days, or rainy days, the 
sunlight, even without interposing glasses diminishing 
its intensity, does not contain enough of the vital rays 
to produce sunburn, or to protect against rickets.” 
He also remarks that we receive very little direct 
sunlight through our windows in cities and that reflec- 
ted sunlight is practically devoid of health-giving 
**vital" ultraviolet at all times of the year. 

Artificial sources producing radiation within the 
290- to 320-my. zone, such as the mercury and carbon 
arcs, are therefore important means of securing this 
so-called “vital” ultraviolet radiation. 


FEDERAL POWER COMMISSION NEEDS 
ADDITIONAL HELP 


According to the Executive Secretary of the Federal 
Power Commission, he is confronted with the task of 
catching up on an accumulation of work resulting from 
applications for power licenses that extend over a period 
of five years, and that it would require at least double the 
present force to dispose of in another five-year period. 
Congress is blamed for this condition by its failure to 
enact legislation to increase the personnel of the com- 
mission, thereby leaving it in a deplorable condition. 

According to a recent order of the Commission, the 
issuance of the licenses has been temporarily suspended 
because of inadequate personnel. There are now only 
thirty civilian employees and five officers detailed 
from the Corps of Army Engineers. 

Effort was made to secure the additional personnel 
required in S. 1606 and H. R. 8141, both of which 
measures were before the last Congress. The latter 
failed on a record vote in the House of Representatives. 
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The Summer Convention at Denver 


As we close the forms for this month’s issue of the JOURNAL, 
the Summer Convention of the A. I. E. E. is being held at Den- 
ver, Colorado, and from the indications of the first two days of 
the meeting, a most successful convention may be predicted. 

The first day was devoted to conferences of Institute Officers 
and Section Delegates, held under the auspices of the Committee 
on Sections and Branches. These conferences occupied the 
entire day, and in the evening an informal reception was enjoyed. 

On Tuesday morning the first order of business was the Annual 
Meeting, a brief account of which is ineluded in this issue. 

The presentation of papers and the reading of the Technical 
Committee Reports had not commenced as we go to press. A 
complete report of this Convention will appear in the August 
issue. 


Pacific Coast Convention at Spokane 
August 28-31 


A list of diversified and timely topies is on the technical pro- 
gram of the Pacific Coast Convention to be held in Spokane, 
Wash., August 28-31. 

There will be papers on movement of overhead transmission 
'onduetors during short circuits, economical voltages and con- 
luetor sizes, transmission-line diagrams, lightning studies, 
inductive coordination, carrier communication on 200-kv. lines, 
carrier current on short toll circuits, cable corrosion in wood 
ducts, heat flow from underground cables, short-circuit currents 
on loaded systems, automatic substations, crest-voltage measure- 
ments, railway electrification, automatic railroad signals, electro- 
Ivtie refining of zine, and vacuum-tube applications in the power 
industry. l 

Plans for inspection trips and entertainment are being arranged 
by the Spokane Committee. Further details will be published 
in the August issue of the JouRNAL. The tentative list of tech- 
nical papers is as follows: 


TENTATIVE List or TECHNICAL PAPERS 


The Electrolytic Zinc Plant of the Sullivan Mining Company, by 
E. R. Fosdick, The Washington Water Power Co. 

The Great Northern Railway Electrification, by R. D. Booth and 
E. L. Moreland, Jackson and Moreland. 

Power Supply for Railway Signals and Automatic Train Controls, 
by C. F. King, Westinghouse Electric & Mfg. Co. 

Movements of Overhead Line Conductors during Short Circuits, by 
W m. S. Peterson, Los Angeles Bureau of Power & Light, 
and H. J. McCracken, Jr., Dept. of Water & Power, City of 
Los Angeles. 

Economy in the Choice of Line Voltages and Conductor Sizes for 
for Transmission Lines, by E. A. Loew, University of 
Washington. l 

Generalization of Transmission-Line Diagrams, by H. V. Carpen- 
ter, Washington State College. 

The Technical Features of Inductive Coordination from the Power 
Man's Standpoint, by L. J. Corbett, Pacific Gas and Electric 
Co. 

Calcu ation of Single-Phase and Three-Phase Short-Circuit Cur- 
rents on Systems under Load, by R. H. Park and E. H. 
Bancker, General Electrie Co. 

The Automatic Substation and Its Relation to the Electric Distri- 
bution System, by S. J. Lisberger, Pacific Gas and Electric 
Co. 

Calibration of the Point-Gap for Measurement of the Crest Values 
of 60-Cycle Voltages, by J. S. Carroll, Stanford University. 


Heat Flow from Underground Electric Power Cables, by N. P. 
Bailey, University of Idaho. 

Vacuum-Tube Applications in the Light & Power Industry, by 
L. F. Fuller and W. A. Tolson, General Electric Co. 

Some Problems in Power-Line Carrier Telephony and Apparatus 
Recently Developed to Meet Them, C. F. Boeck and R. D. 
Gibson, Bell Telephone Laboratories, Ine. 

New Light on Lightning Problems from Klydonograph Studies, by 
A. L. Atherton, Westinghouse Electric & Mfg. Co. 

Cable Corrosion in Creosoted Wood Duct, by R. M. Burns, Bell 
Telephone Laboratories, Inc. and B. A. Freed, Pacific Tel. 
& Tel. Co. | 

Carrier Telephone System for Short Toll Circuits, by H. S. Black, 
Bell Tel. Laboratories, Ine., M. L. Almquist and L. M. 
Ilgenfritz, A. T. & T. Co. | 


Atlanta Regional Meeting October 29-31 


Plans are progressing for the first Regional Meeting of the 
Southern Distriet of the Institute, which will be held in Atlanta, 
Ga., October 29-31. 

An interesting technical program covering subjects of particu- 
lar importance to engineers in the southern part of the country 
will be presented. Among these will be hydroelectric develop- 
ments, transmission-voltage control, power-limit and system 
short-circuit tests, carrier and supervisory control, carrier com- 
munication, electrification of the textile industry variable-speed 
spinning, individual carding and roving, skin effect in dynamo 
steel, photoelectric and glow-discharge devices, audible light and 
visible sound, inverted speech and broadcasting problems. 

Further information of this meeting will be published in subse- 
quent issues of the JOURNAL. 


Illuminating Engineering Society to Meet 
at Toronto 


The Twenty-second Annual Convention of the Illuminating 
Engineering Society is to be held in Toronto, Ontario, September 
17-20, 1928, with headquarters at the King Edward Hotel. 

The international side of this eonvention will be of con- 
siderable interest. The first International lllumination Congress, 
of which this convention is to be a part, is to be held in the United 
States in September, and will bring together from many 
countries those interested in lighting. 

Papers by foreign authors are listed on the program which is 
being prepared by the Committee on Papers and whieh will 
include unusually varied and worth-while contributions on tech- 
nical and hghting practise subjects. These papers are so ex- 
tensive and important that parallel sessions will be necessary. 

Full details regarding travel arrangements, program, and hotel 
reservations will be available later. 


National Fuels Meeting to be Held in 
Cleveland 


A cordial invitation has been extended to all members of the 
Institute to attend the Second National Fuels Meeting, to be held 
in Cleveland, Ohio, September 17-20, 1928, under the auspices of 
the Fuels Division of The American Society of Mechanical 
Engineers. The program for the meeting is being planned to 
include the whole field of operation in the production and utiliza- 
tion of fuels,—whether coal, oil, or gas,—from mining and prepa- 
ration to general use. Tentative programs are available and the 
Committee on General Arrangements requests that anyone 
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expecting to be present, notify it promptly, addressing A. S. M. E. 
Fuels Division, Committee on Co-operation with Related 
Organizations, C. P. Tolman, ehairman. 


Report of Committee of Tellers on 


Election of Officers 
To the President 
American Institute of Electrical Engineers 


DEarR Sin: 
This Committee has canvaseed the ballots cast for the election 
of Institute officers for the year 1928-1929, and reports as follows: 


Total number of ballot envelopes received........... 4918 
Ballots rejected, in accordance with Art. VI, Sees. 32 
and 34 of the Constitution: 
From members in arrears for dues for year ending 
May 1. 1028. nose Eres hes bee 144 
Received in envelope unmarked by identifying 
SIL P" 57 
Received in improper envelope................. 91 
Received after May 1, 1928................... 19 
Blank ballots. 2b PREX ORA RE x 35 
346 
Leaving as valid ballots....................ss sees 4572 


These 4572 valid ballots were counted, and the result is shown 
as follows: 


For PRESIDENT 


R. F. Schuchardt.......... 0.02.0... eee eee 4322 
AN ck teas hace dts ers od abuse m rU un ERES 250 
For VicE-PRESIDENTS 

District 
No. 1. North Eastern 
E. B. Merriam....................s esses 4469 
Bank nett ou Ebo Einreise dba Metu d lieu 103 
No.3. New York City 
H. A. Kidder.............. 0.0.0.2 00 0 cee eee 4479 
| BGO cp" LP 93 
No. 5. Great Lakes 
We ey Ot is oe Se es cl tees qe 4484 
Blanken aorar es ha a cS be pat 88 
No. 7. South West 
BID IU een tA bU ECL abb eeoti 4454 
BAUR s vau ot cs esae REUS ee Lan e M 118 
No.9. North West 
GE QUA. ees EReEEIVYEPDa RE 4448 
Blanks: Veatch Su EE sc ERECTO aes 124 
For MANAGERS 
Poy ic Bettis roses dex suat e x baee Lum Babes b dii 4502 
J. Allen Johnson.................eeee ee 4512 
A. M. MaeCuteheon............. lee eee 4504 
BISBES o cra obe oh Sae ace, vi bob stulte en UE RU 198 
Fon TREASURER 
George A. Hamilton............... ule. eese 4472 
Blanks, oe beue iode ohne Tuscis aA 100 
Respeetfully submitted 
R. R. Kime, Chairman D. B. Perry 
W. E. CoovER H. O. SIGMUND 
J. T. WELLS E. E. DORTING 
W. S. Hinr 


Committee of Tellers. 
Date May_15, 1928 
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Report of Committee of Tellers on 
Amendments to the Constitution 


To the Board of Directors, 
-~ American Institute of Electrical Engineers 
GENTLEMEN: 
This committee has canvassed the ballots cast on the amend- 
ments to the Constitution submitted to the membership in a 
circular letter dated April 2, 1928, and the result is as follows: 


Total number of envelopes received................... 8425 
Of these, the following were rejected in accordance 
with the Constitution and By-laws for the 
reasons given below: 
Received from members whose dues were in 
arrears on June 19, 1928.................... 220 
Received without identifying name on outside of 
envelope, or because of enclosure in envelopes 
bearing no indication of contents, ete......... 133 
Total invalid ballots...................0...0085 353 
Leaving as valid ballots.......................000- 8072 
These valid ballots were counted and the result is as follows: 
In favor Scattering 
Subjeet of Amendment of 


Against and Blank 


Admission and Transfer of 


Members................... 7983 71 18 
DCS LT 7891 161 20 
Management—Duties of Officers 7964 88 20 
Meetings............... esses. 7922 124 26 
Quorum.............. eese 7679 369 24 
Amendments................. 7919 129 24 
Annual Conventions....... 7951 95 26 
Titles of Officers.............. 7964 82 26 


The total membership of the Institute on May 1, 1928 was 
18,265. It will therefore be evident from the above that more 
than 20% of the total membership voted, and that more than 
75% of those who voted were in favor of the adoption of each 
amendment, and, therefore, under the provisions of the Con- 
stitution, all the proposed amendments are adopted and go into 
effect July 26, 1928. 

Respectfully submitted, 


R. R. Kime, Chairman J.T. WELLS 
W. E. CoovER E. E. DORTING 
W. S.. HILL D. B. Perry 


H. O. SIGMUND 


Commiltee of Tellers. 


New College of Engineering for University 
of Southern California 


The demand for engineering education and the needs of in- 
dustries in southern California for centralized and adequately 
equipped laboratories has led the board of trustees of the Uni- 
versity of Southern California to authorize the inauguration of a 
College of Engineering of which Philip S. Biegler, professor of 
Electrical Engineering for the past five years has been appointed 
acting dean. This new college will open September 1928 and 
will comprise the following five major divisions: Chemical 
Engineering, Professor Wilfred W. Scott; Civil Engineering, 
Professor Robert M. Fox; Electrical Engineering, Professor 
Philip S. Biegler; Mechanical Engineering, Professor Thomas 
T. Eyre; and Petroleum Engineering, Professor Allen E. Sedg- 
wick. <A degree of C. E. has been established also for distinction 
in the practise of engineering, in addition to the regular four-year 
courses leading to degrees of B. S. in any division of engineering 
and a Master's for graduate work. 


July 1928 
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R. F. Schuchardt 
President-Elect of the A. I. E. E. 


Mr. R. F. Schuchardt, Electrical Engineer, Commonwealth 
Edison Company, Chicago, was elected President of the American 
Institute of Electrical Engineers for the year beginning August 
1, 1928 as announced at the Annual Convention of the Institute 
held in Denver, June 25-29, and in accordance with the report 
of the Committee of Tellers, which is published on the pre- 


ceding page. 
Rudolph Frederick Schuchardt was born in Milwaukee, 
Wiseonsin, December 


14, 1875, and received 
his early education in 
private and public 
schools in that city. He 
was graduated from the 
University of Wiscon- 
sin with the degree of 
B. S in Eleetrieal Engi- 
neering in June 1897, 
and was awarded the 
degree of E. E. in 1911. 

During the first year 
after his graduation, he 
was employed by the 
Janesville (Wis.) Elec- 
tric Light and Power 
Company as general 
utility man, and later 
by Meysenburg and 
Badt, Chicago, as engi- 
neering salesman. Since 
July 1, 1898, he has 
been with the Chicago 
Edison Company and 
its successor, the Com- 
monwealth Edison 
Company. He was in 
the testing department 
from November 1899 


to November 1906, 
passing through all 


stages from an assistant 
to the acting head, 
which position he held 
for 14 months. In 
November 1906, Mr. 
Schuchardt was ap- 
pointed Engineer of 
Electrical Construc- 
tion, and in 1909 he was appointed electrical engineer of the 
company, which position he still holds. 

While acting head of the testing department, he had responsi- 
ble charge of and personally directed all engineering and accep- 
tance tests on all station and substation equipment installed. 
In the position which he now holds, he is in charge of all electrical 
construction in stations and substations, and has done important 
special work on the complete scheme of system protection. 


He is the author of a booklet entitled “Panama and the 
Isthmian Canal,” and a number of technical papers on such sub- 
jects as meters, transformer testing, rotary converter substations, 
and the protection of high voltage transmission systems. 

Mr. Schuchardt was elected an Associate of the Institute in 
1903, was advanced to the grade of Member in 1909, and to 
the grade of Fellow in 1912. He was a Vice-President of the 


R. F. SCHUCHARDT 


Institute for the years 1922-1924. His committee activities 
in the Institute have been as follows: chairman of Power Genera- 
tion Committee 1921-22; and member at various times of the 
Education, Power Generation, Protective Devices, Standards, 
Power Transmission and Distribution, Meetings and Papers, 
Executive, Electrical Machinery, and Law Committees. He is 
still a member of the Law Committee. 

His other society memberships include Institution of Electrical 
Engineers (Great Brit- 
ain), Western Society 
of Engineers, Illumi- 
nating Engineering 
Society, National Elec- 
tric Light Association, 
Society of American 
Military Engineers, 
and American Acad- 
emy of Political and 
Social Science. 


New York 
Electrical 
Society Elects 
New Officers 


At the Annual Bus- 
iness Meeting of the 
New York Electrical 
Society held June 12, 
1928, in the Engineer- 
ing Societies Building, 
29 West 39th Street, 
New York, N. Y., the 
following officers were 
elected for the admini- 
strative year 1928- 
29: President E. E. 
Dorting, Lighting En- 
gineer, Interborough 
Rapid Transit Co.; 
Vice-Presidents, A. K. 
Baylor, Executive 
Dept., General Electric 
Co.; E. B. Meginniss, 
Auditor, New York 
Telephone Co., and H. 
H. Sheldon, Professor 
of Physics, Washing- 
ton Square College, N. Y. U.; Treasurer, E. B. Meginniss; 
Secretary, H. E. Farrer. The Executive Committee of the 
Society will also have as members the three Vice-Presidents 
who hold over for one year: Messrs. R. B. Grove, Secretary, 
United Elec. Lt. & Pr. Co., H. Pentsehler, Director of Re- 
search, Westinghouse Lamp Co., and W. T. Teague, Vice- 
President of the Western Electric Co., 


A World Congress on [Illumination 
Plans are progressing for a lighting pilgrimage to eastern 
American cities next September, in connection with the first 
World Congress on Illumination to be held at Saranac Inn, N. Y., 
Shortly after the arrival of the delegates in New York, who are 
expected from many foreign countries, special trains will take 
them to several important American cities as far west as Chicago. 
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The visitors will be given an opportunity to inspect all types and 
varieties of lighting installations in order that they might get 
the broadest possible understanding of lighting development in 
America. The tour will be completed at Toronto in time for 
the opening of the Illuminating Engineering Society convention, 
September 17th-20th. 

G. S. Merrill, of Nela Park, Cleveland, chairman in charge of 
arrangements for the tour, has reported that a number of 
American engineers and executives interested in illumination 
desire to go on the tour. Accordingly, arrangements are being 
made to take care of as many persons on this side of the ocean as 
care to make the trip. As plans are still incomplete, Mr. Merrill 
advises that all interested in knowing about the arrangements 
should communicate with him, that he may keep them informed 
and so that he may be able to make ample reservations. 

The delegates will be shown every form of lighting practise 
and impressive receptions are being prepared in many places. 


Honorary Members Elected by A. I. E. E. 


Five distinguished American engineers were elected Honorary 
Members of the American Institute of Electrical Engineers at a 
meeting of its Board of Directors held during the annual Summer 
Convention of the Institute, at Denver, June 27. 

The men thus honored were: 

Thomas A. Edison 
John J. Carty 
Michael I. Pupin 
Ambrose Swasey 
Elihu Thomson 

This was the first time in history that any American Honorary 
Members hate been elected; previously, the Institute had a few 
foreign Honorary Members, but it was recently decided by the 
Directors to add to the Honorary Membership List a few out- 
standing American engineers, and the above five having been 
nominated in each case by a petition of ten or more members 
of the Institute, they were elected by the unanimous vote of 
the twenty-five members of the Board of Directors loeated in 
various parts of the United States and Canada, this unanimous 
vote being one of the requirements of the Constitution in order 
to effect the election of an Honorary Memter. 

Brief Fiographieal sketches follow: 

Thomas A. Edison, known throughout the world for his 
achievements was born at Milan, Ohio, in 1847. His first 
affiliation with the electrical field was as a telegraph operator, to 
which art he contributed the automatic repeater, quadruplex, and 
printing telegraphs. He is the father of the incandescent lamp. 
His numerous inventions have included the carbon telephone 
transmitter, megaphone, and phonograph. During the Worid 
War, Edison served as President of the Naval Consulting Board. 

John J. Carty, telephone pioneer and inventor; leader in the 
development of telephone communication, has been continually 
associated with the telephone industry since 1879. He was 
formerly Chief Engineer and is now a Vice-President of the 
American Telephone and Telegraph Company. During the War, 
Carty rendered notable service in assembling from telephone 
personnel, twelve battalions of Signal Corps Troops, and was 
promoted to the rank of Brigadier General in reeognition of his 
work in France during and after the War. He was President of 
the American Institute of Electrical Engineers during 1915-16 
and Edison Medalist of 1917. 

Doctor Michael I. Pupin, Professor of Eleetro-Mechanies at 
Columbia University, noted author, lecturer, scientist and in- 
ventor, was born at 1858in Idvor, Serbia. Doctor Pupin’s study 
of electrical wave transmission over long conductors, eventually 
leading to the development of the Pupin coil in 1901 and making 
voice transmission over long cables successful, is his best known 
accomplishment. In addition to many other honors, he is an 
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Edison Medalist. He was President of the American Institute 
of Electrical Engineers in 1925-26. 


Ambrose Swasey, famous manufacturer of precision instru- 
ments and mechanisms, was born in 1846. During the World 
War, Mr. Swasey’s firm solved many problems arising in the use 
of optical instruments, including those necessary for modern 
fire control of guns. He is an Honorary Member of the British 
Institutions of both Mechanical and Mining Engineers, as well 
as of the society of civil engineers of France, and is a Past- Presi- 
dent and Honorary Member of The American Society of Mechani- 
eal Engineers. Mr. Swasey has contributed half a million dollars 
to Engineering Foundation for advancement of engineering 
research. 


Elihu Thomson was born 1853 at Manchester, England. He 
invented and designed the Thomson-Houston are-lighting sys- 
tem, and was a founder of the Thomson-Houston Company. 
Sinee 1891, while with the General Electric Company. he has 
developed the resistance welding art, and has done much original 
work in optical construction, photography, special chemical 
problems, steam turbine and internal combustion engines. He 
is an Honorary Member of the Institution of Electrical Engineers 
of Great Britain and 1889-90 was President of the American 
Institute of Electrical Engineers. In 1909 he was awarded the 
first Edison Medal. 

F. L. HUTCHINSON, 
National Secretary. 


Annual Meeting, Denver, June 26, 1928 


The Annual Business Meeting of the Institute was held at the 
Cosmopolitan Hotel, Denver, on Tuesday morning, June 26, 
1928, during the annual Summer Convention, President Ban- 
croft Gherardi presiding. An address of welcome was made by 
Honorable B. F. Stapleton, Mayor of Denver. 


The Annual Report of the Board of Directors was presented in 
abstract by National Secretary F. L. Hutchinson. Printed 
copies were distributed to members in attendance and are avail- 
able to any member upon application to Institute Headquarters, 
New York. The report, which constitutes a résumé of the activi- 
ties of the Institute during the fiscal year ending April 30, 1928, 
showed a total membership on that date of 18,265. In addition 
to the three National conventions and four Regional meetings, 
1346 meetings were held by local organizations of the Institute 
in the principal cities and educational institutions in the United 
States and Canada. The report will be published in full in the 
Institute TRANSACTIONS. 


The report. of the Committee of Tellers on the election of 
officers of the Institute was presented, and in accordance there- 
with, President Gherardi declared the election of the following 
officers, whose terms will begin on August 1, 1928: 

PRESIDENT: R. F. Sehuchardt, Electrical Engineer, 
Commonwealth Edison Co., Chicago, Ill. 


E. B. Merriam, Engineer, Switehboard 
Dept., General Elee. Co., Schenectady, 
N. Y. 

H. A. Kidder, Sup't. of Motive Power, 
Interborough Rapid Transit Co., New 
York, N. Y. 

W. T. Ryan, Professor, Electrical Power 
Engineering, University of Minnesota, 
Minneapolis, Minn. 

B. D. Hull, Engineer, Southwestern Bell 
Telephone Co., Dallas, Tex. 

G. E. Quinan, Chief Electrical Engineer, 
Puget Sound Power & Light Co., Seattle, 
Wash. 


VICE-PRESIDENTS: 
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A. E. Bettis, Vice-President, Kansas City 
Power & Light Co., Kansas City. Mo. 
J. Allen Johnson, Electrical Engineer, 
Niagara Falls Power Co., Niagara Falls, 
N. Y. 

A. M. MaeCuteheon, Engineering Vice- 
President, Relianee Elec. & Engineering 
Co., Cleveland, Ohio. 


MANAGERS: 


NATIONAL 
T REASURER: George A. Hamilton, Elizabeth, N. J. 


(re-eleeted) 


These offieers, together with the following hold-over officers, 
will constitute the Board of Directors for the next administrative 
year. beginning August 1: Baneroft Gherardi (retiring Presi- 
dent), New York City; C. C. Chesney, Pittsfield, Mass.; O. J. 
Ferguson, Lineoln, Neb.; E. R. Northmore, Los Angeles, Calif.; 
J. L. Beaver, Bethlehem, Pa.; A. B. Cooper, Toronto, Ont.; 
C. O. Bickelhaupt, Atlanta, Ga.; M. M. Fowler, Chicago, Ill.; 
E. C. Stone, Pittsburgh, Pa.; I. E. Moultrop, Boston, Mass.; 
H. C. Don Carlos, Toronto, Ont.; F. J. Chesterman, Pittsburgh, 
Pa.; F. C. Hanker, East Pittsburgh, Pa.; E. B. Meyer, Newark, 
N. J.; H. P. Liversidge, Philadelphia, Pa. 

President-elect Schuchardt was called upon and responded 
with a brief address which was enthusiastically received. 

The report of the Tellers upon the ballots cast on the proposed 
constitutional amendments as submitted to the membership 
for letter ballot, under date of April 2, 1928, was presented, and 
showed an overwhelming vote in favor of the adoption of each of 
the proposed amendments, all of which were thereupon declared 
adopted, and they will go into effect on July 26, 1928. 

The report of the Committee on Award of Institute Prizes 
as published in full elsewhere in this issue, was read, and the 
prizes were presented by President Gherardi. 

The annual presidential address was then delivered by Presi- 
dent Gherardi, the subject being ''Civilization and the Engineer." 
This will be published in a future issue of the JOURNAL. 

The Annual Business Meeting then adjourned and was followed 


immediately by the first Technical Session of the annual Sum- 


mer Convention. 


I. E. C. Advisory Committee Meets at the 
Hague 

W ord has been received that the meeting of the Steam Turbine 
Advisory Committee of the International Electrotechnical Com- 
mission, held at The Hague, Holland, during the week of May 20 
was a most successful one, and truly international in character, 
eight nations being represented by 23 distinguished delegates. 

This Committee of the I. E. C. is attempting to reconcile the 
various test codes for steam turbines now used throughout the 
world and to develop & standard eode for international adoption. 

The United States was represented at the meeting by I. E. 
Moultrop, chief engineer and assistant superintendent, Con- 
struction Bureau, Edison Ele^trie Illuminating Co., Boston; and 
Francis Hodgkinson, consulting mechanical engineer, Westing- 
house Electric and Manufacturing Co., both members of the 
Institute; C. B. LePage, Assistant Secretary, A. S. M. E., also 
attended the meeting as Assistant Director of the Secretariat 
to the Advisory Committee. 


A New Research Fund for High-Voltage 
Cable Insulation 


A research fund of $7500 per year has been placed in the School 
of Engineering of the Johns Hopkins University by the Utilities 
Research Commission of Illinois, for an investigation of the 
properties of impregnated paper as used in the insulation of 
high-voltage eables. The work will be under the direction of 
Doetor J. B. Whitehead, Professor of Eleetrieal Engineering. 
Doctor Whitehead is Chairman of the Committee on Electrical 
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Insulation of the National Research Council, and the work 
referred to is part of the coordinated plan which is being proposed 
by that Committee. 

Other similar investigations at Johns Hopkins, under Dr. 
Whitehead’s direction, are the Influence of Air and Moisture in 
Impregnated Paper, supported by the National Eleetrie Light 
Association; and Dielectric Absorption, supported by the 
Engineering Foundation, with the cooperation of various elec- 
trical industries. 


Institute Members Honored by Syracuse 
Technology Club 


At its annual election of officers on May 14, 1928, The Tech- 
nology Club of Syracuse and Affiliated Societies, one of the first 
and most successful affiliations of technical societies in this 
country, elected Rich D. Whitney, president, W. R. McCann, 
second vice president, and F. E. Verdin a director for three 
years. 

Mr. Whitney is a Fellow of the Institute and a past chairman 
of the Syracuse Section; Mr. MeCann, also a Fellow, is the 
newly elected chairman of the Syracuse Section, while Mr. 
Verdin, an Associate, is secretary of the Section. 

The Technology Club is to celebrate the twenty-fifth anni- 
versary of its founding this fall and has attained a membership 
of over one thousand. 


A One Year Course in Fuel Engineering 


The Towne Scientific School of the University of Pennsylvania 
makes announcement of a special course in fuel engineering to be 
given under prominent national authorities on the subject and 
leading to a degree of Master of Science in Fuel Engineering. 
The course will open October 1, 1928. In the absence of Pro- 
fessor Robert H. Fernald, Director of the course, absent on 
leave for the University year 1928-29, Professor William H. 
Kavanaugh, Professor of Experimental Engineering will be 
acting director. 

It will embrace (A) Fuel resources; (B) Mining methods,— 
preparation for market, distribution, storage and rehandling; 
(C) Composition and combustion of fuels; (D) Manufacture of 
special fuels; (E) Uses of fuels and specifications for purchase; 
(F) Furnaces; (G) Fuel sampling, analysis and calorimetry; 
(H) Fuel testing in heating and power appliances; (I) Domestic 
heating, cooking, and smoke elimination; (J) Regulations affeet- 
ing use of water power and fuel resources; (K) Research, and 
(L) Electives. 

Application for enrollment or any request for other general 
information should be addressed to The Dean, Towne Scien- 
tific School, University of Pennsylvania, Philadelphia, Pa. 


A. E. S. C. Year Book Shows Strides in 
Standardization 


Important standardization activities in many American 
industries during the past twelve months are described in the 
Year Book of the American Engineering Standards Committee 
just off the press. Forty-nine new standards and forty new 
projects are listed for numerous branches of industry and engi- 
neering, including mechanical, civil, electrical, mining, wood, 
textiles and safety. 

Summarizing the benefits of standardization to industry, 
James A. Farrell, president of the United States Steel Corpora- 
tion and chairman of the A. E. S. C. Advisory Committee of 
Industrial Executives said, in part, that “the 300 national organ- 
izations and 2000 individuals engaged in the Committee's 
activities prove that widely divergent interests can meet on a 
common ground, and the results constitute one of the most 
notable examples we have of the movement for self-government 
in industry." 
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The A. E. S. C. has adopted 111 national standards and is now 
working on 164 other standardization projects, according to the 
Year Book, including the following departments of activity: 
Preferred Numbers; Safety Codes, Unification of Engineering 
Symbols; Electrical Standards; Mechanical Standards; Automo- 
tive; Mining; Wood Industry and Miscellaneous. 


Book Reviews 


SAFETY AND PropuctTion. A report by American Engineering 
Council.” Harper & Brothers, New York, 1928, 414 »p. 
267 charts and tables; 6 by 914 in., cloth. $5.00. 


This report comprises the first comprehensive study of the 
relation between production cost and industrial safety. The 
study covers 60 product groups in 20 basic industries and records 
the experience of 14,000 American plants with 2,500,000 workers. 
The United States pays its industrial workers higher wages than 
are paid in other countries and at the same time is meeting foreign 
competition in world markets. This result is due to high effi- 
ciency in production. It is shown that accidents lessen produc- 
tion and impair efficiency. The book throws an entirely new 
light on the importance and value of safety work and clearly 
answers the question; does safety pay? 

The committee finds that industrial accidents ean be controlled 
under modern conditions of high productivity; that the experi- 
ence of a large group of companies shows that material reductions 
ean be obtained in accident rates simultaneously with an increase 
in production rate, and that the cost of industrial accidents is a 
loss which should not be neglected. It finds also that organized 
safety work is being carried on in a relatively small percentage of 
industrial plants. The committee concludes that safety makes 
for low production cost and that a responsibility which cannot be 
evaded rests with managers and executives of industry to make 
safety a major interest. The book contains a wealth of data and 
statistics on production and accidents in a wide field of American 
industries. 

THe A-C. Commutator Motor. By C. W. Oliver. D. Van 
Nostrand Company, New York, 1927. 281 pp., 185 illus- 
trations, 614 by 10 in. cloth. $7.50. 

This book is divided into two distinet parts, the first being an 
analytical treatment of various types of a-c. motors, and the 
second part a non-mathematical description of the principal 
applications of the commutator motor. The induction motor 
which has been popular on account of its simplicity and sturdi- 
ness is essentially a constant-speed machine and where speed 
control is required, the solution has generally been the selection of 
d-c. motors and conversion apparatus. The author believes that 
the use of a-c. commutators motors, either alone or in combina- 
tion with induction motors,is a better and more efficient solution 
of the adjustable speed problem, and claims that the apparent 
lack of interest in a-c. commutator motor shown in European 
practise is largely due to misunderstnading of and prejudice 
against commutation. The lack of interest in commutator 
motors is ascribed by the author to the dearth of recent com- 
prehensive literature on this subject and the book is written with 
& view to supplying such information. The inclusion of both 
analytical and descriptive treatments makes it of interest toawide 
variety of readers. 

PROBABILITY AND ITS ENGINEERING Uses. By Thornton C. 
Fry. D. Van Nostrand Company, New York, 1928. 476 
pp., 49 diagrams, 614 by 914 in., cloth. $7.50. 

The mathematieal theory of probability has been recognized 
for many years principally in its application to life insurance, 
and it has also been applied to various solutions in pure and 
applied science. Its use in various engineering problems is 
becoming more generally recognized, especially in the field of 
telephony where it has b:en applied to the solution of numerous 
practical problems for more than a quarter of a century. 

The present book is the outcome of a course of instruction in 
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the Bell Telephone Laboratories which was subsequently revised 
for use in a course of lectures delivered at the Electrical Engineer- 
ing department of the Massachusetts Institute of Technology. 
The work has thus had the advantage of being tried out under 
actual classroom conditions. The treatment of the subject is 
very complete, the earlier chapters being devoted to the develop- 
ment of the fundamental mathematics, and the later ones to the 
application of the principles to numerous kinds of engineering 
problems. A number of problems for the student to solve is 
given at the close of each chapter together with numerous 
bibliographical references. The book is broad enough to cover 
calculations in all fields of science and industry. 


The American Year Book 


The 1927 issue of The American Year Book has been an- 
nounced by the publishers, Doubleday, Doran & Co., Ine., 
Garden City, N. Y. This volume, edited by Dr. Albert Bushnell 
Hart of Harvard University, with the cooperation of a Super- 
visory Board representing 45 national societies and including the 
A. I. E. E., contains a general survey of the progress made in the 
nation during the year 1927, supplied by 185 contributors and 
arranged in 27 divisions. The book contains about 800 pages, 
one division being entitled "Engineering and Construction.” 
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R. S. Bravo, formerly head of the Mexican Army Signal 
Corps, is now in charge of the Wireless System in the Republic 
of Guatemala. 

JOHN D. Barr, vice-president of the School of Engineering 
of Milwaukee and a Fellow of the Institute, has just been given 
the degree of Doctor of Philosophy by Marquette University. 

J. M. Bryant has resigned from the position of Professor of 
Electrical Engineering at the University of Texas to accept 
appointment as Professor of Electrical Engineering and Head 
of the Department at the University of Minnesota. 

Dr. J. B. WHITEHEAD, Professor of Electrical Engineering and 
Dean of the School of Engineering, The Johns Hopkins Uni- 
versity, has been made a member of the Advisory Commission 
appointed by the Mayor of Baltimore to consider the proposal 
of the Pennsylvania Railroad Company to construct new tunnels 
and tracks and to equip for electric operation its entrance into, 
and its terminals within the City of Baltimore. 
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John C. Hatzel, President of Hatzel & Buehler, Ine.. elec- 
trical engineers and contractors, New York City, died at his 
home on Riverside Drive, May 25, 1928. Mr. Hatzel was s 
pioneer in the electrical world, having spent most of the sixty- 
nine years of his life in the profession, and in the early davs of 
eleetrieal development was associated with Thomas A. Edison. 
His own company was organized in 1884 and for the past forty- 
four years he has been engaged continuously in the electrical 
industry. He was often ealled "the dean of electrical con- 
traetors." Mr. Hatzel was a member of the Engineers’ Club 
and former president of the Alumni Association of the Nautical 
Sehool and the Electrical Contractors’ Association. He also 
belonged to the Newport Yacht Club, the Masons and the 
Electrochemical Society. He became an Associate of the 
Institute in 1889 and was transferred to the grade of Member 
in 1912. 

Griffith O. Hughes, Francis R. Howe and Harley S. 
Berry, three members of the Institute and workers in its Los 
Angeles Section, lost their lives at the time of the St. Francis 
Dam disaster. Mr. Hughes was in charge of San Francisquito 
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Power Plant No. 2 located a short distance below the dam and 
the entire camp and its occupants were lost with the excep- 
tion of three people. Both Mr. Howe and Mr. Berry were 
operators at Power House No. 2, Saugus, California. 

Fred A. Jones, consulting and construction engineer, Dallas, 
Texas, and a member of the Institute since 1902 died at his 
home, 3902 Mockingbird Lane, May 22, 1928. 

Mr. Jones was a native of Dallas, and there received his early 
education. In June 1894 he was graduated from Richmond 
College Richmond, Va., with an A. B. degree, after which until 
the fall of 1895 be engaged in commercial interests in Bonham, 
Texas. He then entered Cornell University and was graduated 
in 1898 with degree in Mechanieal Engineering (Eleetrical). 
His thesis was on Steam Turbines with 700 hours spent in actual 
original research work. The period from January 1899 to 
January 1901 was spent in varying intervals in the Testing 
Department of the General Electric Company and its Railway 
Engineering Department, whence Mr. Jones was sent out to 
analyze street railway svstems and to take charge of experi- 
mental railway motor testing; also to calculate the proper equip- 
ment for railway systems from data sheets sent in by managers of 
railway companies. It was after this experience that Mr. Jones 
became consulting engineer in erection, his first work being the 
Electrie Light and Power Station and Street Railway at Corsica, 
Texas for the Corsicana Gas and Electrice Company. The 
Southern Pacific Terminal Company at Galvaston employed 
him on its million-bushel terminal elevator and conveyers for 
handling freight on docks. Some of the tallest buildings in 
every leading city in the Southwest are the products of Mr. 
Jones' engineering ability, including topographieal surveys of 
over 30,000 acres and the erection of power plants for their 
irrigation. For more than & year prior to his death he had been 
ill but only for the last seven weeks was he forced to absent his 
offiee in Dallas, first opened in 1906. Mr. Jones was trans- 
ferred to Member's grade in the Institute in 1905, three years 
after he joined it as an Associate. 

John Henry Cuntz, who has been a member of the Institute 
ever since 1889 and for many years a much respected consulting 
engineer at Hoboken, died at his home of pneumonia May 29, 
1928, in the sixty-second year of his age, Mr. Cuntz was a 
veteran of the Spanish-American war and World War, as well 
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SECTION ORGANIZED AT DALLAS, TEXAS 

At its meeting held on May 18, 1928, the formation of a Sec- 
tion at Dallas, Texas, was authorized by the Board of Directors. 
The organization meeting of the Section was held on June 2. 
George A. Mills and A. Chetham-Strode, who had previously 
been designated temporary Chairman and Secretary, respectively, 
were elected to those offices for the year beginning August 1, 1928. 
The other members of the Executive Committee are B. D. Hull; 
J. B. Thomas, Chairman, Meetings and Papers Committee; 
T. C. Ruhling, Chairman, Membership Committee; L. T. Blais- 
dell, Chairman, Entertainment Committee. Marked interest in 
Institute activities was shown at the meeting. 


PAST SECTION MEETINGS 


Akron 


A Trip Through an Electrical Home, by Mrs. Edna D. Holloway, 
ome Economist, Northern Ohio Power and Light Co. 
Annual Meeting. May 25. Attendance 40. 


Atlanta 


The Mechanical Man, by R. J. Wensley, Westinghouse Electric 
& Mfg. Co. Meeting was preceded by a dinner. Joint with 
A. S. M. E. May 11. Attendance 400. 
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as being prominent in the fields of engineering and exploration. 
He was a graduate of Rensselaer Polytechnic Institute in Civil 
Engineering, and from Stevens Institute of Technology in me- 
chanical and electrical engineering. He spent some time in the 
Edison Laboratory and also with the Coast and Geodetic Survey 
in New York Harbor. He was also much interested in political 
economy and wrote a number of treatises on the gold standard. 
During his college days he was devoted to all outdoor sports, 
particularly to mountain climbing; this led to his selection as the 
scientific member of the Parker expedition up Mt. McKinley in 
1910. He was an active member of the Explorers Club, past- 
ehairman of the Alpine Club’s New York branch and the Cana- 
dian-Alpine Club. At the time of his death he was on the Board 
of Trustees of the Hoboken Academy and had previously been 
president of the Alumni Association of Stevens Institute. Mr. 
Cuntz was an active member of the Institute, and his sudden 
death is deeply mourned by all who had the privilege of a personal 
acquaintance with him. 


Addresses Wanted 


A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Any member knowing the 
present address of any of these is requested to communicate with 
the Secretary at 33 West 39th St., New York. 


Simpson Carno, 8732 20th Ave., Brooklyn, N. Y. . 
Leonard L. Dawson, 15 W. Glenaven Ave., Youngstown, Ohio. 
L. De Zamacona, 980 Bush St., San Francisco, Calif. 

Solomon Harper, 809 E. Fayette St., Syracuse, N. Y. 

Albert Holroyd, 928 6th Ave., Astoria, N. Y. 

W. B. Kramer, 5745 Center Ave., Pittsburgh, Pa. 

Ward W. Lusk, 669 Chetwood St., Oakland, Calif. 

Douglas E. Mathewson, 147 Pierpont St., Brooklyn, N. Y. 
William J. Norris, 566 Crescent St., Brooklyn, N. Y. 

Fred W. Toetz, 465 E. 43rd St., Los Angeles, Calif. 

All members are urged to notify Institute Headquarters 
promptly of any change in mailing or business address, thus 
obviating needless annoyance and insuring prompt delivery of all 
Institute mail through the accuracy of mailing records; also 
eliminating unnecessary expense for postage and clerical work. 
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Hirt men 


Boston 
Annual Meeting. Election of officers. May 16. Atten- 
dance 170. 
Cleveland 


The History of Long-Distance Telephony, by Baneroft Gherardi 
National President, A. I. E. E. Election of officers. May 24. 
Attendance 181. 


Columbus 


Dr. Steinmetz and Heaviside, by Dr. E. S. Berg, Union College. 
A dinner preceded the meeting. Election of officers. Joint 
meeting with Ohio State University Branch, A. I. E. E., 
and Graduate School of Ohio State University. April 27. 
Attendanee 135. 


Dallas 


Organization Meeting. June 2. (See report elsewhere in this 
Section Activities department). 


Denver 
Display of High-Tension and High-Frequency Currents, by H. T. 
Plumb, General Electric Co. Joint meeting with Denver 


Chamber of Commerce. May 28. Attendance 3500. 


Annual All-Day Meeting. Talk by Col. W. T. Chevalier, 
McGraw-Hill Publishing Co. Election of officers. May 29. 
Attendance 900. | 


544 


Erie 


Limitations of Electrical Measuring Equipment, by B. W. St. 
Clair, General Electric Co. Election of Officers. May 15. 
Attendance 70. 

Fort Wayne 


The Scientific Spirit, by Dr. Stanley Coulter, Purdue University. 
Annual Banquet. May 24. Attendance 88. 


Kansas City 


Modern Tendencies in Engineering Education, by Dean G. C. 
Shaad, University of Kansas. Election of officers. May 28. 
Attendance 45. 


Lehigh Valley 

Application of Communication Facilities to Control of Electricity, 
by R. J. Wensley, Westinghouse Eleetrie & Mfg. Co., and 

New Developments in the Application of Communication, by B. B. 
Finley, Bell Telephone Laboratories, Ine. April 21. At- 
tendance 340. 

Household Electrical Engineering, by G. W. Alder, Consulting 
Engineer, Good Housekeeping Institute. Annual Meeting, 
preceded by a dinner. Eleetion of officers. May 16. 
Attendance 30%. 


Los Angeles 
The Einstein Theory Analyzed, by R. E. Smith, Southern Cali- 
fornia Edison Co., and 
Electrical dnd Industrial Advancement in Russia, by Dr. E. W. 
Kay. Illustrated with slides. Twentieth Anniversary 
Meeting, preceded by a dinner. June 5. Attendance 132. 


Lynn 

The Throwing Power of Chromic-Acid Plating Baths, by F. H. 
Smyser, General Eleetrie Co. 

Dry Rectification, by E. H. Harty, General Eleetrie Co., (pre- 
sented by F. N. Winckler), and 

Electric Arc Welding, by P. P. Alexander, General Electric Co. 
May 23. Attendance 27. 

Niagara Falls, by W. F. Dawson, Chairman, Lynn Section. 
Annual Meeting. Election of officers. June 6. Atten- 
dance 47. 

Madison 

Power Transients in A-C. Motors, by L. E. A. Kelso and G. F. 
Tracy, University of Wisconsin. Election of officers. May 
25. Attendance 20. 

Mexico 


Railroad Electrification, by John B. Cox, General Electrie Co. 
Illustrated with motion pietures. May 15. Attendance 28. 
Milwaukee 
Television, by Dr. R. W. King, Bell Telephone Laboratories, 
Ine. Joint meeting with Engineering Societ y of Milwaukee. 
May 16. Attendance 300. 
Minnesota 
A pplication of Electricity to Raitway Operation, by W. D. Bearce, 
General Electric Co. Joint meeting with University of 
Minnesota Branch. May 9. Attendance 55. 
Dinner-Dance. May 16. Attendance 60. 
Motor-Vehicle Headlighting, by E. W. Johnson, University of 
Minnesota, and Supervisor of the Minnesota State Motor 


Vehicle Light Testing Laboratory. Election of officers. 
May 28. Attendance 22. 
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TWENTY-FIFTII ANNIVERSARY MEETING OF 
PHILADELPHIA SECTION 

The Twenty-Fifth Anniversary Meeting of the Philadelphia 
Section was held at the Engineers’ Club on the evening of June 
11, 1928, and was preceded by & dinner, also at the Club. 

The following program was presented: 

Opening Remarks, I. Melville Stein, Chairman Philadelphia 
Section. Chairman Stein also read a letter from Professor 
Charles F. Scott, and a telegram from Dr. W. B. Kouwenhoven. 

Annual Report, R. H. Silbert, Secretary Philadelphia Section. 

Report of Tellers Committee, William Small, Chairman. 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


Oklahoma 
Joint meeting with University of Oklahoma and Oklahoma 
A. & M. College Branches. (See report in Student Activi- 
ties department of this issue.) May 19. Attendance 55. 
Philadelphia 
Mercury Arc Rectifiers, by O. K. Marti, American Brown Boveri 
Corp. May 14. Attendanee 102. 
Pittsburgh 


Household Electrical Engineering, by G. W. Alder, Consulting 
Engineer, Good Housekeeping Institute, and Miss Karen 
Fladoes, Home Service Director, Duquesne Light Co. 
May 8. Attendance 490. l 

Portland 


Annual Dinner Meeting with Oregon State College Branch, 
A.I. E.E. May 25. Attendance 72. (See report in Student 
Activities department of this issue.) 

Rochester 

Construction and Operation of Electrical Instruments, by A. F. 
Corby, Jr., Weston Electrical Instrument Corp. Joint 
meeting with Rochester Engineering Society, preceded bya 
dinner. Election of officers. May 4. Attendance 78. 

St. Louis 

Some Notes on Auto Transformers, by Prof. A. S. Langsdorf. 

Washington University. May 16. Attendance 44. 
San Francisco 


Manufacture and Application of X-Ray Apparatus, by E. W. 
Philleo, Vietor X-Ray Corp. Ilustrated by slides and mov- 
ing pictures. May 25. Attendance 65. 
Seattle 


Luminosity of the Nebulae and Temperature of the Stars, by Dr. 
Herman Zanstra, University of Washington. Annual 
Meeting. Election of officers. May 15. Attendance 46. 


Spokane 
Business Meeting. Election of officers. May 25. Attendance 22. 


Springfield 


Electrical. Methods of Recording and Reproducing Sound, by 
F. J. Fox, American Bosch Magneto Corp. September 19. 
Attendance 32. 


Reminiscences of Heaviside and Stetnmetz—Their Personalities 
and Work, by Dr. E. J. Berg, Union University. Ladies 
Night. Mareh 27. Attendance 200. 


Aviation, a New Life for the Nation, by Hon. John H. Trumbull. 
Governor of Connecticut. Illustrated with motion pictures. 
April 24. Attendance 300. 

Toledo 
Railroad Signals, by H. L. Killian, Signal Supervisor, N. Y. C. 
R. R. May 25. Attendance 32. 
Utah 
Joint meeting with University of Utah Branch, A. I. E E. 
May 29. Attendance 50. (See report in Student Activities 
department of this issue.) 
Worcester 


Radio Interference from the Power System, by J. A. Vahey, Edison 
Eleetrie & Illuminating Co. of Boston. May 25. At- 
tendance 45. 
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Remarks on “Twenty-Fifth Anniversary of Philadelphia Sec- 
tion," Bancroft Gherardi, President A. I. E. E. 

The Origin of Sections, H. H. Henline, Assistant National 
Secretary. 

Remarks, J. L. Beaver, 
District, A. I. E. E. 

At the request of Chairman Stein, Professor Beaver presided 
during the remainder of the program. 

Origin of the Philadelphia Section, 
Chairman. 

The Years Between 1884-1903, Clayton W. Pike, Past Chairman. 


Vice-President, Middle Eastern 


H. F. Sanville, Past 
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A New Idea for Sections, Mark R. Woodward, Chairman 
Lehigh Valley Section. 


Remarks, H. P. Charlesworth, Chairman Meetings and Papers 
Committee, A. I. E. E. : 


The prineipal address of the evening was given by Baneroft 
Gherardi, President of the Institute and Vice-President of the 
American Telephone and Telegraph Co., upon the subject 
“The Extension of Long-Distance Telephone Communication”. 
After the completion of the address and the showing of motion 
pictures on Transatlantic Telephony, President Gherardi 
answered numerous questions. 

Fifteen past-chairmen of the Philadelphia Section were present. 


STUDENT BRANCHES ORGANIZED AT DETROIT 
AND LOUISVILLE 
The establishment of a Student Branch at the University of 
Louisville was authorized by the Board of Directors on April 6, 
1928. The following officers have been elected: Chairman, 
Samuel Evans; Vice-Chairman, Edward Davis; Secretary- 
Treasurer, Joseph Overstreet. 


The Branch at the University of Detroit was authorized on 
May 18, 1928. The following officers will serve until the spring 
of 1929: Chairman, Emil T. Faur; Vice-Chairman, Vincent 
M. Westrick; Secretary, Wm. F. Haldeman; Treasurer, M. J. 
Alfonso. 


The organizing of these two Branches brings the total number 
to 98. 


JOINT SECTION AND BRANCH MEETING IN PORTLAND‘ 
OREGON 
The annual dinner meeting of the Portland Sections of the 
Institute and the N. E. L. A. with the Oregon State College 
Branch was held in Portland on May 25, 1928. 


J. E. Yates, Chairman of the Portland Section, A. I. E. E., 
presided during the first part of the program. H. H. Schoolfield, 
Vice-President Pacific District A. I. E. E., gave a talk on the 
student activities of the Institute, including the department in 
the JOURNAL devoted to such activities, conventions, and joint 
Section and Branch meetings. He then announced the award 
of the Branch Paper Prize for the Pacifice District (No. 9) for 
1927 to F. D. Crowther and R. L. Earnheart for their paper 
entitled Alternating-Current Transients in Incandescent Lamps. 
In the absence of the authors, who were students at the Oregon 
State College at the time their paper was presented (May 7, 
1927), Professor F. O. MeMillan received the certificates and 
checks. 

J. D. Hertz, Chairman, Oregon State College Branch, presided 
during the presentation of the following papers by students: 

The Assembly of an Artificial Line, R. A. Peterson and D. M. 
Platt. 

A New Flexible Curve for Drawing Graphs, N. E. Klein. 

The Vo'tage Ratio Characteristics of Audio Frequency Trans- 
formers as Determined by the Low Voltage Cathode Ray Oscillo- 
graph, Paul Klev, Jr., and D. W. Shirley. 

The Phycho-Galvanic Reflex, M. J. Gross and Paul Klev, Jr. 
A study of the influence of emotion and fatigue upon the electri- 
cal resistance of the human body. 

The Electrical Characteristics of Neon Signs, A. A. Lundstrom, 
E. B. Torvik, and M. D. Pillars. 

A Universal Neon Electric Stroboscope, R. Setterstrom and 
David Don. 

The papers were of excellent quality and very interesting to 
those present. The attendance was about 80. 
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STUDENT PROGRAM AT UTAH SECTION MEETING 


At the annual joint meeting of the Utah Section and Uni- 
versity of Utah Branch held on May 29, 1928, the following 
program was presented by students: 


A New Electric Flowmeter, Robert L. Fuller. 


University of Utah Experimental Hydroelectric Power Plant, 
D. K. Brake. 


Klydonograph Experiments, Junior Petterson, Secretary 
University of Utah Branch. 


Boulder Dams, J. B. Hunter. 


Automatically- Vs. Manually-Controlled Plants, C. E. White, 
Chairman, University of Utah Branch. 


Some Experiments on a Fynn-Weichsel Motor as a Generator, 
O. K. Stagers. 


Modern Magnetic Materials, Davis Bartholomew. 
The attendance was about 50. 


JOINT SECTION AND BRANCH MEETING IN OKLAHOMA 

The Oklahoma Section and the Student Branches at the 
University of Oklahoma and Oklahoma A. & M. College held a 
joint meeting at the University of Oklahoma on May 19, 1928. 
During a morning and an afternoon session, the following papers 
were presented by seniors of the two schools: 


Piezoelectric Oscillators, Le Roy Moffett, University. 


A Study of the Audio Frequency Characteristics of a 500-Watt 
Broadcast Transmitter, Byron McDermott, University. 


Wind-Electric Power in Oklahoma, Charles Wyatt and Ford 
Cole, A. & M. College. 


Underground Substation and Conduit Temperatures, J. C. Glaze 
and W. L. Metealfe, University. 


Report on Experimental Farm Line at Pauls Valley, George 
E. Larason and Henry Kozel; A. & M. College. 


Some Laboratory Methods of Studying Transmission Line Surges, 
J. S. Harmon and J. B. Hewitt, University. 


Stimulation of Egg Production by Use of Electric Light, Tom 
Blaekketter and Franklin Diehnel, A. & M. College. 


Transient Performance of Instrument 
Shaw and G. E. Kaiser, University. 

Soil Temperatures in Oklahoma, Sam Davis, A. & M. College. 

Certain Types of Receiving Antennas, J. D. Robertson and 
E. F. Percival, A. & M. College. 

The morning session was followed by a luncheon at the 
Faculty Club and an inspection of the University of Oklahoma 
campus. The afternoon session was concluded by the election 
of officers of the Oklahoma Section. 

The papers were the results of thesis work done by the stu- 
dents and were presented informally from notes. Attend- 
ance was about 55. 


Transformers, Elgin 


EIGHTH ANNUAL BANQUET OF UNIVERSITY OF 
PITTSBURGH BRANCH 

The eighth annual banquet of the University of Pittsburgh 
Branch was held at the University Club in Pittsburgh on May 17, 
1928. The principal address of the evening was given by S. M. 
Kintner, Manager of the Research Department, Westinghouse 
Electric & Mfg. Co. A talk on the activities of the Carnegie 
Institute of Technology Branch was given by G. M. Cooper, 
chairman of that Branch. Other speakers were Dean Holbrook 
of the School of Engineering, Professor H. E. Dyche, Head of the 
Department of Electrical Engineering and Counselor of the 
Branch, and C. E. Rhem, R. H. Kernahan, K. A. Taylor repre- 
senting the freshman, sophomore, and junior classes respectively. 
C. C. Caveny and H. W. Wamhoff spoke for the seniors. 


BRANCH MEETINGS 


Brooklyn Polytechnic Institute 


Business Meeting. The following officers were elected: Chair- 
man, H. F. Steen; Vice-Chairman, R. O. Rippere; Secretary, 
F. J. Mullen; Treasurer, W. Hutchinson. May 25. At- 
tendance 40. 


Bucknell University 


What a College Man does in the Telephone Business and Problems 
Met With and Their Solution, by L. A. Babbitt, Engineer of 
Transmission and Protection, Bell Telephone Company of 
Pa. Motion pictures, entitled respectively, '"Trans-Oceanic 
Telephone Service" and ‘‘Photo-Telephone Service" were 
shown. May 9. Attendance 67. 


California Institute of Technology 


Business Meeting. Nomination of officers. May 8. At- 
tendance 7. 


University of California 


Inspection of Big Creek Plants of the Southern California Edison 
Company. May 10-14. Attendance 8. 


Carnegie Institute of Technology 


Annual Banquet. Talks by members of Faculty, the recently 
elected Chairman of the University of Pittsburgh Branch, 
and the Chairman and Guests. Souvenirs, Smokes and 
Musical Entertainment. The following officers were elected 
Chairman, G. M. Cooper; Vice-Chairman, M. J. Seibold; 
Secretary, J. H. Ferrick; Treasurer, O. V. Mitchell. May 9. 
Attendance 75. 


University of Colorado 


Development of the Mercury Turbine, by B. B. Coulson, General 
Electric Co. May 8. Attendance 100. 


Annual College Branch Meeting of the Denver Section, A. I. E. E. 
(For more complete report, see Student Activities, Dept., 
June JOURNAL.) May 11. Attendance 100. 


Meeting held at a fry at a point just outside of Boulder. The 
following officers were elected for next year: Chairman, 
H. R. Arnold; Vice-Chairman, W. A. Merriam; Secretary, 
Eugene Stoekly; Treasurer, R. P. Blackwell. May 31. 
Attendance 30. 


Cooper Union 


Motion picture, entitled '"The Story of Power," was shown. 
The President asked members to prepare papers and said 
the best would be presented at New York Student Con- 
vention. January ll. Attendance 40. 


Electrolysis, by Frank Congilose, 5th Year Night E. E. student 
and I. R. T. subway engineer. The Chairman announced the 
program of the New York Section Student Convention. 
March 14. Attendance 20. 


Human Relations, by R. Chevalier, Engineering News-Record. 

. Joint meeting of the professional and scientific societies of 

Cooper Union. The Secretary of each organization gave 

& report on the year’s activities and progress. Two-reel 

motion picture comedy and refreshments. March 3l. 
Attendance 175. 


A-C. Networks, by Charles Coles, student. Two-reel moving 
picture “The Story of an Electric Meter" was shown. 
April 17. Attendance 25. 


University of Denver 


Business Meeting. The following officers were eleeted: Chair- 
man, J. N. Petrie; Vice-Chairman, H. E. Olson; Secretary- 
Treasurer, Dale Cooper; Corresponding Secretary, Jeith 
Jacobs. Chairman Baker gave a report of the College 
Night meeting of the Denver section. Decided to postpone 
electrical show to May 25. May 18. Attendance 12. 


Duke University 


Business Meeting. The following officers were elected: Chair- 
man, W. E. Cranford; Vice-Chairman, F. A. Bevaequa; 
Seeretary, Charles Berglund; Treasurer, Bennet Forbes. 
May21. Attendance 13. 


Georgia School of Technology 


Motion picture, entitled ‘“‘The Principles of Electricity,” was 
shown. Appointment of nominating committee. May 15. 
Attendance 66. 

The Various Types of Lightning Arresters, by Prof. E. S. Hanna- 
ford, Counselor. The following officers were elected for 
next year; Chairman, E. W. Burn; Vice-Chairman, R. D. 
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Journal A. I. E. E. 


Trammell; Seeretary-Treasurer, K. W. Mowry. May 22 


Attendance 42. 


Iowa State College 


Business Meeting. The following officers were elected: Chair- 
man, R. R. Law; Vice-President, C. D. Martin; Secretary- 
Treasurer, Carl Rohrig. May 29. Attendance 16. 


. State University of Iowa 
Analysis of Structure of Materials by Means of X-Rays, by R. L. 
Roy, and 
Automatic Motor Starters, by W. W. Wertzbaugher. 
Attendance 26. 
The Radio Direction Finder, by R. N. Weldy, and 


Size and Progress of the Commonwealth Edison Company, by M. J. 
Maiers, Lecturer, Chicago Central Station Institute. 
March 28. Attendance 26. 


Motion picture, entitled ‘‘From Coal to Eleetrieity," was shown. 
April 4. Attendance 26. 


Residential Water Heating, by W. H. Wickham; 

Arc Welded Structures and Bridges, by A. Feldt, and 

Electric Railways, by N. R. Bector. April 11. Attendance 26. 
Electrification of Rural Districts, by J. T. Hicklin; 
Interconnecting of Power Developments, by M. H. Jensen, and 


Regeneration in Radio Receivers, by J. T. Jones. April 18. 
Attendance 26. 


The Mercury Arc Rectifier vs. the Synchronous Converter, by 
H. W. Johnston; 


The Inverted Vacuum Tube as a Reversing Voltage Amplifier, by 
D. D. MaeDougall, and 


Protective Grounding, by L. L. Heskett. 


Mareh 21. 


April25. Attendance 26. 


. Heat Losses in D-C. Armature Conductors, by F. C. Mathis, and 


Switching Induction Regulators Into and Out of Service, by B.R. 
Olsen. May2. Attendance 26. 


A pplications of Electricity to Railway Operation, by W. D. Bearce, 


Railway Engineering Dept., General Electric Co. May 7. 
Attendance 40. 

Power from Pumped Water, by J. L. Jordan, and 

Starters for Squirrel-Cage Motors, by G. L. Pruhdon. May 16. 


Attendanee 27. 


Kansas State College 


Business Meeting. The following officers were elected: Presi- 
dent, H. C. Lindberg; Vice-President, M. C. Coffman; 
Seeretary, D. C. Lee; Treasurer. R. K. Whitford; Corre- 


sponding Secretary, J. W. Sehwanke. May 21. Atten- 
dance 47. 
University of Louisville 
Vacuum Tubes, by Robert Krajnak, student, and 
Vacuum Tube Repeaters, by Wilson Talcott, student. May 3. 


Attendance 10. 

The Principles and Construction of Voltmeters, Ammeters and 
Wattmeters, by Mr. Corby, Weston Electrical Instrument 
Corp. Several reels of film on meters were shown. May 24. 
Attendance 25. 


University of Michigan 
Motion pictures, entitled respectively ‘‘Conowingo” and ‘*Mak- 
ing Mazda Lamps," were shown. May 22. Attendance 25. 
Mississippi A. & M. College 


Annual Banquet. Talks by Professor L. L. Patterson, Head of 
Electrical Dept.; H. W. Moody, Dean of Engg. School; 
S. C. Commander, Prof. of Elec. Engg.; E. L. Lucas, Prof. 
of Mechanical Engg.: Chairman Stainton, Vice-Chairman 
Robins and T. H. Rogers. The following officers were 
elected for next year: R. S. Kersh, Vice-Chairman, C. H. 
Mangum. May3. Attendance 40. 


Missouri School of Mines and Metallurgy 


Motion picture, entitled “The Electric Giant," was shown. 
January 3l. Attendance 17. 
Montana State College 
Accident Prevention, by E. Sears, Division Master Mechanic, 
C.M.&8.P.R.R. May 10. Attendance 135. 
University of Nebraska 


The Electrical Engineer as a Business Man, by C. C. Helmers, 
President, Iowa-Nebraska Power Co. A short talk was 
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given by each senior on "My Work after Graduation." 
Refreshments served. May 17. Attendance 28. 


Newark College of Engineering 


A five-reel film on ‘‘Meters’’ was presented by G. 
Electrical Instrument Corp. Decided that final meeting of 
the year is to bea smoker. May 7. Attendance 22. 


First Annual Smoker. Talks by Dean A. R. Cullimore, N. L. 
Welsh, General Electric Co., and Prof. J. C. Peet, Counselor. 
Refreshments were served. May 21. Attendance 65. 


College of the City of New York 


Motion picture, entitled ‘‘From Mine to Consumer,’ 
sented by Mr. O'Brien. May 17. Attendance 42. 


Business Meeting. The following officers were elected: Chair- 
man, Daniel Klatzko; Vice-Chairman, Q. Galante; Secre- 
tary, Walter Broleen; Treasurer, Charles Fedter. May 31. 
Attendance 16. 


North Carolina State College 


Business Meeting. Articles for review assigned for next several 
meetings. ay 15. Attendance 18. 


University of North Carolina 


Cooperative System, University of North Carolina, by J. H. Hines, 
and 


Power Advertising of the Duke Power Company, by W. N. Michael. 
May 17. Attendance 20. 


Ohio Northern University 


Business Meeting. The following officers were elected: Presi- 
dent, R. Rice; Vice-President, T. Rundell; Secretary, R. 
Lash; Treasurer, H. Rosebrook. April 12. Attendance 20. 


Television, by T. Rundell, and 


Two- and Three-Phase Transmission, by R. C. Williams. 
24. Attendance 16. 


H ydroelectric Development of the Conowingo Dam, by President 
Riee. Prof. I. S. Campbell, Counselor, gave an account of 
the A. I. E. E. Regional Meeting at Baltimore, Md. Pro- 
gram Committee appointed by the President. May 10. 
Attendance 15. 


Ohio State University 


Joint meeting with Columbus Section. Informal Get-Together. 
Students and others related personal experienees. Light 
luncheon served. May 20. Attendance 35. 


Farewell meeting for graduates. Graduating students presented 
papers deseribing their thesis work. Prof. F. C. Caldwell, 
Counselor, was presented with & desk pen as a token of his 
work for the Branch. June 2. 


Heaviside and Steinmetz, by Dr. E. J. Berg, Prof. of Elec. Engg., 
Union College. A dinner preceded the meeting. April 27. 
Attendance 50. 


Electric Arc Welding, by J. F. Lineoln, General Manager, Lincoln 
Eleetrie Co. Chairman Spry gave a report on his trip to 
Baltimore Regional Meeting. May 17. Attendance 55. 


Chairman Spry gave a farewell talk to the seniors. Members of 
the faeulty gave messages of advice to those leaving and 
seniors presented short talks concerning their thesis work. 
May 31. Attendance 45. 


Oregon State College 


Joint meeting with Portland Sections of the A. I. E. E. and 
National Eleetrie Light Association. (See report elsewhere 
in Student Aetivities Dept.) May 25. Attendance 85. 


Business Meeting. Branch By-laws concerning membership 
were amended. The following officers elected for next vear 
were installed: President, Harry Loggan; Vice-President, 
Ralph Mize; Secretary-Treasurer, Artro Swingle; Publicity 
Manager, Wayne Goodale; Executive Council, Fred 
Burelbach and Ray Williams. A silver loving cup, given 
annually to the outstanding sophomore in electrical engineer- 
ing by Eta Kappa Nu, was Bre by F. O. MeMillan 
to Lowell Hollingsworth. iscussion of Pacific Coast 
Convention. May 31. Attendance 25. 


Pennsylvania State College 


President Dannerth gave a report on the Annual Conference on 
Student Activities held at Baltimore. May 9. Atten- 
dance 15. 

Neon Electric Stroboscope, by C. A. Nickle, General Electric Co. 
The following officers were elected: Chairman, H. W. Bair; 
Secretary, J. F. Houldin; Treasurer, R. L. Hallett. May 22. 
Attendance 45. 


Smith, Weston 


was pre- 


April 
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University of Pennsylvania 


Business Meeting. The following officers were elected: Presi- 
dent, T. E. Manning; Vice-President, H. A. Robinson; 
Secretary, H. Wilbur Brown, Jr.; Treasurer, C. Paul Young. 
April 16. Attendance 40. 


Development of Leaders from the Ranks, by M. L. Cooke, Con- 
sulting Engr. Dr. Harold Pender, Dean of the Moore 
School, described the progress of the School during the past 
and expressed his views concerning the future development 
of the School. Moore School Keys awarded to Warren A. 
Baxter, Alexander L. Pugh, Jr., Cornelius N. Weygandt, 
B. Fletcher Moore, Jr., Richard S. Palmer and S. Reid 
Warren, Jr. Fourth Annual Banquet of the Moore School. 
of Electrical Engineering held under auspices of the Branch. 
May 2. Attendance 46. 


University of Pittsburgh 


Eighth Annual Banquet of the Branch. (See report elsewhere 
in Student Activities Dept.) May 17. Attendance 50. 


Purdue University 


Motion picture, entitled ‘‘The Manufacture of Porcelain Insu- 
lators," was shown. May 22. Attendance 20. 


Rhode Island State College 


Business Meeting. A set of by-laws was adopted. The follow- 
ing officers were elected: President, S. W. Nichols; Vice- 
President, F. E. Caulfield; Seeretary-Treasurer, A. Z. Smith. 
May 4. Attendance 21. 


Recent Developments in the Mercury Arc Rectifier, the Mercury 
Turbine, and Hydroelectricity, by Prof. Wm. Anderson, 
Counselor. He also outlined the plan of the Rocky River 
hydroelectric development in Connecticut and the applica- 
tion of mercury arc rectifiers in street railway work in 
Bridgeport, Conn. T.B. Miner gave a résumé of the activ- 
ities at the regional meeting at New Haven. May 18. 
Attendance 20. 


Rose Polytechnic Institute 
Electrifying the Railways, by W. D. Bearce, Railway Dept., 
General Electric Co. May 3. Attendance 47. 
Business Meeting. The following officers were elected: Chair- 
man, R. H. Dowen; Secretary, G. P. Brosman. May 21. 
Attendance 41. 


Rutgers University 


Smoker. The following officers were elected: President, John 
Cost; Vice-President, Herbert Lehmann; Secretary-Trea- 
surer, Henry Hobson; Recording Secretary, Robert Shepard. 
May 14. Attendance 20. 


University of Southern California 


Applications of Carbon Products to Industry, and Characteristics 
Needed by Engineer Salesmen, by E. A. Williford, Manager, 
Carbon Sales Div., National Cargon Co. April 24. At- 
tendance 35. 


Inspection trip to Long Beach Steam Plant of the Southern 
California Edison Co. May 18. Attendance 25. 


Stanford University 


Arrangements made for an inspection trip to the Redwood City 
Plant of the Pacific Portland Cement Co. C. A. Binns, 
General Electric Co., spoke on the electrical equipment of 
that plant. May 10. Attendance 21. 

Inspection trip to Redwood City Plant, Pacific Portland Cement 
Co. May 12. Attendance 23. | 

Business Meeting. Committee appointed to investigate and 
order a bulletin board to be presented to the Electrical 
Engineering Department to be used for notices of Branch 
activities. Prof. T. H. Morgan, Counselor, given a vote of 
thanks for his help and cooperation with Branch activities 
during the past. year. The following officers were elected: 
Chairman, N. R. Morgan; Vice-Chairman, E. F. Orrick; 
Secretary, W. G. Snyder. May 31. Attendance 17. 


Syracuse University 
Interconnection of Large Power Systems, by Arthur Helfer, and 
Holland Tunnel, by Kenneth Eastwood. February 16. At- 
tendance 10. 
Machine Switching Telephony, by Reo Miles. Motion pictures 
entitled ''Television," and ‘‘Transatlantic Telephony,” 
were shown. March 1. Attendance 12. 


Television, by Armand Belle Isle, and 
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Prone Method of Resuscitation, by Robert Schwarting. March 8. 
Attendance 10. 


Power Systems of California, by Elliott Lynde and Bernard 
Loren. March 22. Attendance 10. 


Railroad Electrification, by Earl Gilchrist. 
tendance 10. 


Salesmanship, by Francis Plank. April 19. Attendance 10. 


Relays Used for Power System Protection, by John Walsh. May 3. 
Attendance 6. 


Mercury Arc Rectifiers, by Elliott Lynde. 
May 17. Attendance 30. 


Texas A. & M. College 


Three films on manufacture of large electrical equipment and 
automatice control of power-line substations were shown. 
Decided to hold election of officers at end of scholastic 
year instead of at beginning. The following were elected: 
Chairman, H. W. Whitney; Secretary, H. L. Wilke. May 
18. Attendance 51. 


University of Texas 


The Value of an A. I. E. E. Branch to the Engineering Student, by 
Prof. J. A. Correll, Counselor. May 10. Attendance 15. 


University of Utah 


Joint meeting with the University of Utah Engineering Society. 
Motion pictures, entitled respectively ‘‘The Conquest of the 
Forest” and “The Panama Canal," were shown. May 11. 
Attendance 41. 


Magnetic Properties of Nickel Alloys, by Davis Bartholomew, 
student. Program of student papers for joint meeting with 
Salt Lake City Section was arranged. May 15. At- 
tendance 13. 

Business Meeting. 
dance 10. 


March 29. At- 


Business Meeting. 


Last meeting of year. May 29. Atten- 


University of Vermont 


Prof. L. P. Dickinson, Counselor, gave a description of the 
Student Convention at New Haven and reviewed briefly 
some of the papers that were delivered. Chairman F. L. 
Sulloway described the Rocky River Project. May 22. 
Attendance 7. 
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Virginia Military Institute 
Electrical Advertising, by D. Green; 
Tomorrow in the Electrical World, by C. Wesson; 
Electrical Insulating Oil, by C. R. Rodwell, and 


Use of Synchronous Motors in Steel Mill Service, by F. Pugh. 
Discussion of plans for next year. May 7. Attendance 36. 


University of Virginia 


Business Meeting. The following officers were elected: Chair- 
.man, C. E. MeMurdo; Secretary, L. R. Quarles; Treasurer, 
S. R. Sayers. May 21. Attendance 15. 


Washington University 


Business Meeting. Final arrangements were made for the Elec- 
trical Engineers’ Smoker to be held May 17. The following 
officers were elected: President, H. J. Miller; Vice-Presi- 
dent, C. J. Kettler; Secretary-Treasurer, W. L. Knaus. 
May 10. Attendance 36. 


Smoker. W. W. Horner, President of the Engineers’ Club gave 
an address of welcome. Two movies relating to the tele 
phone industry were shown,—''The Voice Across the Sea” 
and “The Little Big Fellow." Musie by E. E. student 
orchestra. Refreshments served. May 17. Attendance 87. 


University of Washington 
Transient 


Photography, by Carl Radin, student. Business 
session. May 10. Attendance 17. 
Baker River Power Project, by Wm. Bolster, Chairman. Nomi- 


nations announced. May 17. Attendance 13. 

Magnatron Tube, by A. L. Krause, student, and 

Use of the Oscillograph on Large Power Systems, by J. H. Park, 
student. The following officers were elected: Chairman, 
C. W. Huffine; Vice-Chairman, K. M. Durkee: Secretary- 
Treasurer, R. C. Leithead. May 24. Attendance 16. 


Columbia River Basin Project, by C. N. Butt, student. May 31. 
Attendance 10. 
University of Wisconsin 


Business Meeting. The following officers were elected for next 
year. June 1. Attendance 27. 
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Engineering Societies Library 
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The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 


most of the important periodicals in its field. Itis housed in the Engineering Societies Building, 29 West Thirty- 


ninth St., New York. 


In order to place the resources of the Library at the disposal of those unable to visit 1t in person, the Library ts 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


A merica. 


A rental of five cents a day, plus transportation, 1s charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 6 p. m. 


BOOK NOTICES MAY 1-31. 


Unless otherwise specified, books in this list have been pre- | 


sented by publishers. The Society does not assume responsi- 
bility for anv statement made; these are taken from the preface 
or the text of the book. 


All books listed may be consulted in the Engineering Societies 
Library. 


THE ABRASIVE HANDBOOK. 

By Fred B. Jacobs. Cleveland, Penton Pub. Co., 1928. 547 
pp., diagrs., 9 x 6 in., cloth. $5.00. 

A reference book on abrasives and grinding practise for the 
manager, abrasive engineer, superintendent, foreman, grinding 
machine operator and student. It points out how many classes 
of work can be ground advantageously and answers most of the 
questions confronting the users of abrasive materials or grinding 
machines. 


The editor has spent many years gathering data on grinding, 
and has now published them in this book, the first of its kind. 
BEssELscuE, KUGEL-UND ELLIPTISCHE FUNKTIONEN. (Ver- 

zeichnis berechneter funktionentafeln, erster teil. 

By Institut fur angewandte Mathematik an der Universitat 
Berlin). Berlin, (V. D. I., Verlag], 1928. 30 pp., tables, 11 x 
8 in., paper. 3,50 r. m. 

In numerous engineering ecaleulations, especially in the fields 
of electricity, heat, and the strength of materials, numerieal 
tables are needed which cannot be found in the usual handbooks. 
Tables of various funetions, which have been calculated from 
time to time for various purposes, are seattered in numerous 
publications and are not easily located. This pamphlet, pre- 
pared at the instigation of the Verein deutscher Ingenieure, 
gives exact information about all published numerical tables of 
Bessel, elliptic and conieal functions, telling where they may be 
found, their compass, exactness and reliability. It will often 
save the labor of recalculation. 
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Brass FOUNDERS’ ALLOYS. 
By John F. Buchanan. 2nd ed. London, E. & F. N. Spon, 
1928. 233 pp., illus. 7 x5 in., cloth. 10/6. 


The first edition of this book was published at a period when 
secrecy prevailed in alloying practise. Itis now revised to include 
new methods, new mixtures, and the new standards recently 
devised by the coordination of effort in the laboratories and in the 
foundries. The alloys are discussed from the foundry point of 
view with the object of presenting in condensed form the informa- 
tion that is essential to practical foundrymen and engineers. 


COMMERCIAL ELECTRICAL MEASURING [NSTRUMENTS. 

By R. M. Archer. London, Sir Isaac Pitman & Sons, 1928. 
259 pp., diagrs., 7 x 5 in., cloth. $3.00. 
_ An introductory book on commercial electrical measuring 
instruments, prepared from lectures by the author to student 
apprentices employed by electricity works. It is intended to 
help all those who use instruments but who have neither the time 
nor inclination to study the more abstruse branches of the subject. 


DESCRIPTIVE GEOMETRY. 

By William H. Kirchner and Henry C. T. Eggers. 
McGraw-Hill Book Co., 1928. 
$2.25. 


This text has been prepared for the use of engineering and 
scientific students, and emphasis has been placed on the funda- 
mental principles. The subject has not been taken up exhaus- 
tively, but is briefed so that it can be completed in a semester. 

The book makes a feature of the interrelation of descriptive 
and analytical geometries, and it is assumed that the student has 
completed or is taking a course in elementary analy tical geometry. 


DIESEL ENGINE DESIGN. 
By H. F. P. Purday. 3rd edition. London, Constable & 
Co., 1928. 360 pp., illus., diagrs., tables, 9 x 6 in., cloth. 21S. 


In this new edition, a number of minor alterations have been 
made to the text of the second edition, and later references to 
literature have been added. A chapter has been ineluded dealing 
with some recent developments in double-acting engines and 
super-charging. A more complete account is given of the twist- 
ing effects in crank-shafts, and the previous treatment of torsional 
vibrations has been amplified. 


N. Y., 
183 pp., diagrs., 9 x 6 in., cloth. 


EARLY MATHEMATICAL SCIENCES IN NORTH AND SOUTH AMERICA. 
By Florian Cajori. Bost., Richard G. Badger, 1928. 156 
pp., illus., 8 x 5 in., cloth. $3.00. 


A history of the development of mathematics, astronomy, 
surveving and physies in the western world. Takes up first the 
Maya symbol for zero which is many centuries older than our 
Hindu-Arabie notation. Includes meridian measurements of 
the earth, the 1761 and 1769 transits of Venus, comets, almanacs 
and orreries. 


ELECTRIC HEATING. 
By Edgar A. Wilcox. N. Y., McGraw-Hill Book Co., 1928. 
469 pp., illus., tables, 9 x 6 in., cloth. $5.00. 


This book is intended to fill the present demand for published 
data on electric heating. It gives a general perspective of the 
field, tries to show that electric heating is being given the recog- 
nition it deserves, and gives data and descriptive matter for ready 
reference purposes. It is intended for the use of commercial 
executives, salesmen, and engineers engaged in creating markets 
for either heating apparatus or the resultant heating loads. 

Considerable space is allotted to the operating eharacteristies 
of various heating devices and the kind of load they create. 
It takes up the merits and limitations of both electric and fuel 
heat, and the processes to which either may be applied. 

Several chapters are devoted to fundamentals, and most of the 
information in the other chapters has been assembled from engi- 
neering society reports, trade journals, government publications 
and the author's experience. 


ELEMENTARY ORGANIC CHEMISTRY. 

By Homer Adkins and S. M. MeElvain. 
Book Co., 1928. 
in., cloth. $2.25. 


This book was written in an attempt to facilitate and improve 
the instruction in a short course in organic chemistry of approxi- 
mately fifty class room periods of instruction that is given at the 
University of Wisconsin. It aims to present the subject in a one- 
semester course, for the thousands of students in colleges each 
year who desire such a course, for normal and summer school 
work. It presents a summary of facts such asa student might 
be expected to note down in a lecture course in organie chemistry, 


N. Y., McGraw-Hill 
(International Chemical series) 183 pp., 8 x 6 
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leaving to the individual instructor the vitalization of the subject. 
ISOLIERTE LEITUNGEN UND KABEL. 

By Richard Apt. 3rd edition. Berlin, Julius Springer, 1928. 
235 pp., diagrs., tables, 9 x 5 in., paper. 12.-r. m. 

A commentary upon the specifications and standards of the 
Verein deutscher ingenieure on insulated electric wire and cables. 
The book supplements the necessarily brief text of the official 
standards by explaining points which might be misunderstood and 
by setting forth the principles underlying them. 

JOHN STEVENS, AN American Record. 

By Archibald Douglas Turnbull. N. Y., The Century Co., 
1928. 545 pp., illus., diagrs.,9 x 6 in., cloth. $5.00. 

Colonel John Stevens (1749-1838) was the leading American — 
engineer of 1880. He built and operated twin-screw propeller 
steamboats on the Hudson River three vears before Fulton's 
Clermont. He built the first ocean-going steamer, the first 
"*tSsteam-carriage'" even run on rails in America, and the earliest 
steam-ferry service in the world. 

This biography was written from a eolleetion of private letters, 
essays, drawings, patents, maps, deeds and contemporary news- 
papers, including letters he received and his answers, and docu- 
ments and pamphlets he had printed or which were sent to him 
by his friends. 

KUHLEN UND ScHMIEREN BEI DER METALLBEARBEITUNG. 

By K. Gottwein. 2d edition. Berlin, V. D. I. Verlag, 1928. 

93 pp., illus., 9x 6 in., paper. 6,-r. m. 


À concise handbook on the cooling and lubrieating of metal- 
eutting tools, dies, ete., which has enjoved great popularity in 
Germany. It discusses the methods of cooling and lubricating 
tools, the substances used, their properties and the purposes for 
which they are suitable. Methods of testing are described and 
the selection of lubricants for various operations is treated. 
There are chapters on the recovery of oil and the cleaning of the 
work, and a section giving the results in practise with various 
lubricants. The book summarizes wide experience in a practical 
way. 


MANUFACTURED Gas. <A textbook of America practise. 
By Jerome J. Morgan. Vol. 2. N. Y., Jerome J. Morgan, 
1928. 447 pp., illus., diagrs., 11 x 8 in., cloth. $7.50. 


Vol. 2 takes up the equipment used in distributing gas from the 
manufacturing plant to the consumer. This equipment includes 
the storage of gas in high- and low-pressure holders, mains and 
services, pumping machinery, governors and meters. Then 
the problem of distribution design is taken up, which is the com- 
bination of the equipment into & properly functioning system. 
This is followed by a discussion of the * new business department” 
of the gas company, domestic appliances, general industrial 
applications, gas furnace design, the selection of an industrial 
fuel, testing and research work, safety and accident prevention. 

The last part of the volume is devoted to accounting and 
statistics, principles of rate making, and public relations. 


LABORATORY GLass BLOWING. 

By Fracis C. Frary, C. S. Taylor and J. D. Edwards. 2d 
edition. N. Y., McGraw-Hill Book Co., 1928. 116 pp., illus., 
tables, 8 x 6 in., cloth. $1.50. 


This book, which emanates from the research laboratory of 
the Aluminum Company of America, gives detailed. clear direc- 
tions for the operations needed in making simple laboratory 
glassware and for ordinary repairs. In addition, methods are 
given for sealing and joining glass to metal. The book will be 
useful to physicists and chemists. 

MEASUREMENT OF AIR FrLow. 


By E. Ower. Lond., Chapman Hall, 1927. 199 pp., illus., diagrs., 
tables, 9 x 6 in., cloth. 15s. 


This book is intended to serve as a text-book for students and 
as a work of reference for engineers engaged on matters that 
involve the measurement of the speeds and pressures of air 
streams. It deals in a practical manner with the theory and 
technique of the measurement of air flow and gives references 
to literature on methods and instruments for laboratory use only. 
The author has included material on the design of statie tubes 
and the theory of the vane anemometer. 


MODERN GASOLINE AUTOMOBILE. 

By Victor W. Pagé. 1928 edition. N. Y. Norman W. 
Henley Pub. Co., 1928. 1148 pp., illus., diagrs., 9 x 6 in., fabri- 
koid. $5.00. 


While a certain portion of the previous edition remains un- 
changed, much additional matter has been included to keep pace 
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with the progress of the industry. Supplementary matter has 
been added on ignition, starting and lighting, and new material 
has been included on busses and rail cars, gasoline-eleetrie drive, 
front-wheel and four-wheel drive, and steering systems. At the 
suggestion of teachers a series of questions for review has been 
placed at the end of each chapter. 

PATENT Law FOR THE INVENTOR AND EXECUTIVE. 


By H. A. Toulmiss, Jr. N.Y. Harper & Bros., 1928. 288 pp., 
forms, 8x 5 in., cloth. $4.00. 


The purpose of this book is to present the subject of patent 
law in a manner that may be assimilated readily by the ordinary 
business man. Parts of it were published as magazine articles. 

In addition to the material that is ordinarily found in a book 
on this subject, there are chapters on the ownership of patents, 
stimulation of invention by employees, having inventions made 
to order, the value of patents, their inclusion in the income tax 
return, patent pools, and the use of patents to control resale 
prices. 

PRAKTISCHES HANDBUCH DER GESAMTEN SCHWEISSTECHNIK; 
v. 1, Gasschmelzschweiss- und Sechneidtechnik. 2d edition, 
By P. Schimpke and Hans A. Horn. Berlin, Julius Springer, 


1928. 222 pp., illus., diagrs., tables, 10x 7 in., bound. 12.- 
r. m. 


This work aims to give a comprehensive, detailed account of 
gas welding and cutting praetise whieh will meet the needs of the 
welder and also be of use to engineers and faetory managers. 
The authors have attempted to include everything of value and 


to reject non-essentials, and to make the book a practical guide 


to satisfaetory work. 

The new edition contains more information on acetylene 
generators, welding cast iron and non-ferrous metals, testing 
welds, and costs. 

PRINCIPLES OF FACTORY ORGANIZATION AND MANAGEMENT. 

By Ralph Currier Davis. N. Y., Harper and Brothers, 1928. 
449 pp., illus., charts. 9x6in., cloth. $5.00. 

This book is designed to supply students of industrial manage- 
ment, and all executives who desire a complete understanding 
of factory management with a clear picture of the fundamental 
principles and functions. It illustrates the more advanced 
management practises and trends in modern management theory , 
and uses many charts and pictures to illustrate the points 
discussed. 

PRINCIPLES OF MECHANICAL REFRIGERATION. 

By H. J. Macintire. 2d edition. N. Y., McGraw-Hill book 
co., 1928. 317 pp., illus., diagrs., tables, 8x 6 in., cloth. $3.00. 

A study course for operating engineers. About 100 pages of 
text have been added to bring the book as nearly up to date as 
possible. Numerous typical problems have been solved and new 
tables and diagrams have been ineluded to assist in the solution 
of these problems. 

The author hopes that the book will be sufficiently complete 
for instruetion in refrigeration where only an introduetion to the 
subject is desired and time does not permit a thorough study of 
the theory involved. 

PRINCIPLES OF THERMODYNAMICS. 

By George Birtwistle. Cambridge, University Press (N. Y. 
Macmillan) 1925. 163 pp., diagrs.,9 x 6 in., cloth. $2.75. 

This book contains the substance of lectures given in the 
University of Cambridge in summer courses, the object of which 
was to give the fundamental principles of the subject and to 
illustrate them by applications to branches of science where 


only a general knowledge of the science was required for their 
appreciation. 


RIEMENSCHLUPF UND REIBUNGSZAHL VON GuMMi-UND LEDER- 
TREIBRIEMEN. 

By Hans Nowsky. (Versuchsfeld für Maschinenelemente der 
Technischen Hochschule zu Berlin, heft 8). 56 pp., diagrs., 
11 x 8 in., paper. Price not quoted. 

The elasticity and slip of two rubber belts and one leather belt 
were measured and the differences between the two kinds of 
belts treated. The slip was analyzed with the help of three 
methods of measurement, the creep separated from the slip and 
the local slip at any point, determined. The determination of 
the coefficient of friction during running is connected to these 
measurements. 
SCIENTIFIC PURCHASING. 

By Edward T. Gushée and L. F. Boffey. 
Book Co., 1928. 


N. Y., McGraw-Hill 
196 pp., charts, forms, 9 x 6 in., cloth. $3.00. 


Journal A. I. E. E. 


This book does not give in detail the routine of a typical 
purchasing department, but tries to point out the foundation for 
successful purchase routine. The actual routine should vary 
with the refinements of a particular concern, and must be given 
particular study. This book leads up to that study. It is a 
text book of fair dealing between buyer and seller and is not 
intended merely for expert purchasing agents, but for all who 
want their trading to be fair. 


Sır Isaac NewrTON, 1727-1927. A bicentenary evaluation of 
his work. 


Prepared under the auspices of The History of Science Society. 
Balt., Williams and Wilkins Co., 1928. 351 pp., 9 x 6 in., cloth. 
$5.00. 


This book consists of a series of papers prepared under the 
auspices of the History of Science Society. The papers take up 
the work of Newton in optics, gravitation, astrophysics, dynamics, 
fluxions, alehemistry and chemistry and his work in the mint. 
Includes an account of the 20 years’ delay in announcing the law 
of gravitation, and his first critical disciple in the American 
Colonies—John Winthrop. 


SNAPSHOTS OF SCIENCE. 
By Edwin E. Slosson. N. Y., Century Co., 1928. 
illus., diagrs., 7 x 5 in., cloth. $2.00. 


The numerous aspects of the amazing scientific progress of our 
day are presented for the general reader. In an interesting 
manner the book touches upon recent applications of science to 
industry and agriculture, contributions of chemistry to medicine, 
novel inventions, strange discoveries, ancient history of the 
world and the universe, etc. 


299 pp., 


SYMBOLISCHE METHODE zUR LosUNG VON WECHSELSTROMAUF- 
GABEN. 

By Hugo Ring. 2nd edition. Berlin, Julius Springer, 1928. 
80 pp., 9 x 6 in., paper. 4,50 r. m. 

In spite of the many advantages of the method of complex 
quantities for a-c. calculations, this author feels that it is not as 
widely used as it should be. This is due, he thinks, to the usual 
method of presentation, and he has therefore prepared this text 
to remove the difficulty. It aims to supply a concise, vet com- 
prehensive text-book on the method, inso far as it is useful to the 


electrical engineer, and illustrates its applications by practical 
examples. 


Text-Book or ORGANIC CHEMISTRY. 
By Joseph Seudder Chamberlain. Second edition.  Phila., 
P. Blakiston’s Son & Co., 1928. 901 pp.,9x6in., cloth. $4.00. 


This book is written primarily as a text-book for the under- 
graduate student and the instructor. Its method and order of 
treatment are the result of the author’s experience in teaching 
during the last 10 years. 

In this second edition, a list of study questions and problems 
has been added to the end of each chapter. Where necessary, 
new material has been added to bring the book up to date. Con- 
siderable condensation has been effected in the writing of formulas 
and reactions. 


VESTIGES OF Pre-MetrRIC WEIGHTS AND MEASURES. 
By Arthur E. Kennelly. N. Y., Macmillan Company, 1928. 
189 pp., 8x 5in., cloth. $2.50. 


Since 1800, more than 30 European Countries have officially 
adopted the metric system, and this book is the result of an 
investigation to find how numerous or important the vestiges 
of old units might be in commerce and business. It also throws 
some light on the question of the time it takes for a country 
adopting the metric system to bring it into general use. 


THE New Quantum MECHANICS. 
By George Birtwistle. Cambridge, University press; [N. Y., 
Macmillan Co.] 1928. 290 pp., diagrs., tables, 9 x 6 in., cloth. 


“This book is concerned with the development of quantum 
mechanies during the past two vears. A detailed account is 
given of the matrix theory of Heisenberg, Born and Jordan, the 
q-number theory of Dirac, and the wave mechanics of Schrodinger. 
The earlier chapters are devoted to a restatement of the Landé 
theory of the multiplets in a form which is in consonance with the 
new mechanics which is to follow; some later chapters are given 
up to the de Broglie theory of particles and their waves, and to 
the new statistics of Bose, Einstein, Permi and Dirac. 

The book closes with the resonance theory of the helium spec- 
trum lately given by Heisenberg, and with the new speculations 
of Bohr on the limitations imposed by the quantum theory upon 
the possibilities of experimental observation." 
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Engineering Societies Employment Service 


"niit nt HO LEA HOA UILLUUD LE HO ULLOUD EDO LLL LOUOUIBLOTEDU PULLUM LOLLULUEEEELEUOUOEUULRRLOLULLLUDULLEHLRLOULU EHE EE LHOLHLPHLUHHULI OLDER UOLUIT ELUEUUHUEELULUHOELELOLUDUOLLELD LU ELE LHLEEULAELUOE ULL LLLOLULLLOLULULUR LUI 


Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 
ing with the Western Society of Engineers. 
erative bureau by contributions from the societies and their individual members who are directly benefited. 

Offices:—31 West 89th St., New York, N. Y.,—W. V. Brown, Manager. 
1216 yee Bldg., 206 W. Wacker Drive, Chicago, Ill., A. K. Krauser, Manager. 
57 Post St., San Francisco, Calif., N. D. Cook, Manager. 

MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 
requests received after an interval of one month. Names and records will remain in the active files of the bureau for a 
period of .three months and are renewable upon request. 
ake as IMEN T SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 15th day 
oj the month. 

OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 
members of the Societies concerned at a subscription of $3 per quarter, or $10 per annum, payable in advance. Posi- 
tions not filled A as a result of publication in the Bulletin may be announced herein, as formerly. 

_ JVOLUNTAR CON TRIBUTIONS.—Members obtaining positions through the medium of this service are 
tnviled to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year's salary: temporary positions (of one month or less) 
three per cent of total salary received. 
by the four societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 


ELECTRICAL ENGINEER, young, as physi- 
cist with analytical mind and preferably with 
experience on induction disk motors or watthour 
motors, research and development group. Apply 
by letter. Salary $300 a month. Location, 
East. X-5170. 

ELECTRICAL ENGINEER for large utility 
in Middlewest, with oneto four years’ experience. 
Operating, mathematical, research and economic 
problems on underground cables and studies of 
lightning on overhead circuits. Apply by letter. 
X-5194-C. 


MEN AVAILABLE 


ELECTRICAL ENGINEER, 28, married. 
Cornell, E. E. Two years public utility overhead 
and underground distribution design and con- 
struction: six months traveling, sales, service and 
installation; two years assistant chief in 25,000-hp. 
industrial plant with own power plant, mainte- 
hance. construction, operating, test, surveys, and 
reports. Available on one month's notice. Best 
of references. C-4559-85-C-5 San Francisco. 

STUDENT ENGINEER, 24, single. Elec- 
trical engineer, graduate Western University in 
1927, now on General Electric Test Course desires 
permanent employment in West. Location 
preferred, San Francisco Bay region. C-4558-85- 
C-6 San Francisco. 

ELECTRICAL ENGINEER, 30, married, 
B. S. '26. Over two years overhead estimating 
inspection and maintenance. Employed at pres- 
ent large eastern utility: desires connection with 
public utility, preferably in Colorado or California. 
C-1629. 

EXECUTIVE ENGINEER OR MANAGER, 
39, married. Lifetime of general utility experi- 
ence in above-average responsibilities. Last five 
years executive, staff 300 in three-quarter million 
meter property, developing seven million dollars 
Construction annually. Familiar with all types 
of problems. Prefer industrial connection afford- 
ing opportunity of later buying interest. C-3963. 

GRADUATE ELECTRICAL ENGINEER? 
25, single. Two years General Electrical test 
Course. Seven months special automatic equip- 
ment work. Available on one month's notice. 
C-4593. 

ELECTRICAL AND MECHANICAL 
DRAFTSMAN, 28, single, technical graduate 
with eight years' experlence covering design of 
automotive equipment, fire alarm systems, electric 
power stations‘and sales. Desires position with 
manufacturing. engineering, or public utility. 
Location preferred. United States. C-4510. 
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Replies received by the bureau after the positions to which they refer have been 
electrotechnical. Location, immaterial.  Avail- 


ELECTRICAL ENGINEER, graduated in 
June from Penn State, desires & position of 
opportunity in the commercial or lighting field. 
Location, immaterial. C-4471. 

MANUFACTURING EXECUTIVE seeks 
connection with a future. Graduate in both 
Mechanical and Electrical Engineering. ^ Eight 
years' experience on design of small electrical 
apparatus. Two years as manufacturing engineer 
of a large department. Six years as production 
manager of a large plant. Thoroughly experi- 
enced in handling labor and controlling modern 
manufacture. C-4587. 

ASSISTANT EXECUTIVE, 36, married. 
Well balanced experience of 15 years covers costs, 
commercial statistics, process analyses, adminis- 
trative control and rate studies. Seven years large 
company serving subsidiaries. Technical gradu- 
ate. Able assistant. Prefers administrative or 
commercial to strictly technical. Location pre- 
ferred, eastern United States. B-9122. 

ELECTRICAL ENGINEER, 34, experienced in 
industrial maintenance, layout and construction. 
Eight years wire and cable test and manufacturing 
experience; same production and motor repair 
shop training; desires opportunity to prove 
ability. B-920. 

JUNIOR ENGINEER, B. S. in E. E, Cana- 
dian University, single, good health, active, 
ambitious and conscientious. Will strive for 
success with large manufacturing or traction 
company. Mathematical grounding; speaks Eng- 
lish, German, some French. One year Canadian 
General Electric Test. Location preferred, 
Canada, Middle or Western United States. 
Available August 1. C-4557. 

ELECTRICAL ENGINEER with profound 
theoretical knowledge and more than twenty years' 
practical experience in research and designing. 
desired responsible, permanent position. Speaks 
French and German. Locations preferred, Pitts- 
burgh district or East. C-693. 

EXECUTIVE AND SALES ENGINEER, 37, 
married. Technical training and 12 years’ varied 
experience, sales, purchasing, industrial construc- 
tion and operation and central station engineering: 
desires connection in power sales work or with 
manufacturer. Wide acquaintance in the South, 
excellent business and social connections. B-1599. 

ELECTRICAL ENGINEER, 37, American; 
B. S. and M.S. in E. E. Twelve years’ profes- 
sional experience, including General Electric test 
and laboratories, radio, teaching and consulting. 
Conversant with electric railway, illumination and 
public utility practise. Desires to work into 
permanent executive position, not necessarily 


able, September. C-4591. 

ELECTRICAL ENGINEER, 206, marrled, 
M.S., 18 months General Electric test course, 
familiar with manufacture of moderate size 
motors, street lighting transformers and apparatus 
and cable. Competent in research and test 
supervision. One year with Eastern public 
utility. Location, St. Louis or vicinity. C-4032. 

ELECTRICAL ENGINEER, 1924 graduate, 
28, with business and management experience 
and two years public utility appraisal work. 
Familiar with electrical contracting and 
thoroughly acquainted with the radio business. 
Desires position covering either engineering or 
business fields, (preferably combining both), 
of managerial or executive nature, or leading to 
such. B-9528. 

ENGINEER - EXECUTIVE - MANAGER, 
graduate E. E., married, 14 years' experience. 
including wide experience in accounting, design, 
sales, production, electrical porcelain; manager of 
large plant for national corporation. Broad 
knowledge of engineering materials. Loyalty. 
initiative, and record of assuming responsibility 
is unquestioned. Interested in business and 
management of electrical specialty. Can organ- 
ize, manage operations efficiently and economi- 
cally. C-3679. 

TECHNICAL GRADUATE, American born, 
E. E., desires position with public utility or in- 
dustrial concern in Middle West. 1 years con- 
struction and maintenance, 14 years industrial 
control paper mill, 8 months power plaut drafting. 
C-4428. 

ELECTRICAL ENGINEER, Canadian, 
McGill graduate. Good balance of design, 
construction, operating engineering on hydro- 
electric stations, substations. Thorough under- 
standing engineering principles, and their applica- 
tion. Has supervised design, research on various 
types substations. Six years’ experience with 
American, Canadian organizations, including 
electrical laboratory, electrical design, inspector, 
checker, assistant engineer of design: also in- 
dependent business experience. C-4668. 

YOUNG MAN, 24, single, good technical and 
business training, two years’ experience in in- 
stallation and maintenance of recording gages, 
flow meters, and controlling apparatus, such as 
used in steam power plants, and pulp and paper 


mills. Capable of managing operations efficiently. 
Location, immaterial. Available on short notice. 
C-4663. 


ELECTRICAL ENGINEER, 31, with manu- 
facturing experience. Especially well trained in 
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development, manufacture, and application of 
carbon brushes. C-4652. 

ELECTRICAL ENGINEER, 29, four years 
iron and steel works electrical installation, main- 
tenance; one year central station operation; three 
years oil flelds electrical installation and mainte- 
nance; two and one-half years electrical design of 
central and substations; three years switchgear 
and switchboard erection. Location, United 
States or foreign. C-625. 

ELEVATOR ENGINEER, 34, graduate E. E., 
six and a half years of general elevator superin- 
tending experience.  Desires position where there 
is chance for advancement. C-4486. 

ENGINEER, American; married; broad ex- 
perience designing, constructing power and indus- 
trial plants, substations, distribution and trans- 
mission lines. Prepared reports, steam surveys. 
pulverized fuel layouts and specifications for 
electric lighting and cables. Thoroughly qualified 


executive and good business manager.  Desires 
immediate employment; can furnish highest 
references. Internationally recognized and 


honored. B-3954. 

ELECTRICAL ENGINEER, 26. technical 
graduate. One year's operating experience: two 
&nd one-half years Westinghouse: test, engineering 
switching equipment, switchboards. manual and 
automatic, system study, relay, circuit breaker 
application. Hydroelectric experience public 
utility. Desires position engineering department 
public utility; hydroelectric construction, or 
operating division. Location, New England, 
New York, Quebec or New Brunswick, Canada. 
C-4605. 


ENGINEER, 30. married, technical graduate in 
Electrical Engineering; three years’ experience 
with public utility in transmission and distribu- 
tion department comprising design as well as 
intimate public relations: also considerable radio 
engineering experience; desires position affording 
opportunity of more extensive use of training as 
well as substantial advancement, dependent upon 
ability. Location, East.  C-1723. 


ASSISTANT DISTRIBUTION ENGINEER, 
42, single. Electrical and Civil Engineer. tech- 
nical graduate. Seven years' civil engineering 
experience. Two years transmission line sur- 
veying. Four years distribution engineering, 
overhead lines, 11,000 volts and under. Rural 
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RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its mceting held 
June 13, 1928, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers should 
be filed at once with the National Secretary. 


To Grade of Fellow 


BICKELHAUPT, CARROLL O., Vice-President, 
Southern Bell Tel. & Tel. Co., Atlanta, Ga. 

FAUCETT, I. T., Manager Bayonne Plant, 
Safety Cable Co., Bayonne, N.J. 

NORTHMORE, E. R., Supt. Electric Distribu- 
tion, Los Angeles Gas & Elec. Corp., Los 
Angeles, Calif. 


To Grade of Member 


ATTWOOD, STEPHEN S., Asst. Prof. of Elec. 
Engg.. University of Michigan, Ann Arbor, 
Michigan. 

BIRKETT, MILES W., Vice-President and 
General Manager, Washington Water Power 
Co., Spokane, Wash. 

BOOTH, JESSE J., Asst. Supt., Elec. Dept., 
National Tube Co., Gary, Indiana. 

ELDER, MATTHEW 
Electric Co., Erie, Pa. 


L., Engineer, General 


INSTITUTE AND RELATED ACTIVITIES 


extensions, city conversion and reconstruction. 
Speaks Spanish. Available immediately. Span- 
ish America or Middle West preferred. C-2495. 

ASSISTANT ELECTRICAL ENGINEER, 
28, American, married, graduate. Four years' 
teaching experience, Rensselaer Polytechnic 
Institute: four years’ experience General Electric 
Company. Successfully employed by large 
corporation; desires semi-commercial or publicity 
opening In utility, manufacturing with greater 
opportunity for advancement. Considerable 
mathematical, literary experience: prize winner 
nation wide radio play competition, station WGY. 
Location, immaterial. B-7443. 

ELECTRICAL ENGINEER, 26, married, 
holds degrees of A. B., B.S. and E. E. from 
Columbia University: practical experience in test 
work and power substation operation, desires 
position with manufacturing or public utility 
company looking toward advancement to execu- 
tive position. Location preferred, East. C-1495. 

ELECTRICAL ENGINEER, 30, married, 
desires work on hydroelectric construction or 
operation. Experience: two years hydro, one and 
one-half years steam plant operation; one and 
one-half years substation construction, four years 


high head hydroelectric construction. Now 
chief electrician, hydroelectric construction. 
Expert switchboard wireman. Location im- 


material: Japan or India preferred. C-4482. 

ENGINEER, 34, married, M.S. and E. E. 
Eleven years’ experience including teaching; 
operating department public utility: industrial 
research and design. Desires position having 
executive responsibilities with utilitv or indus- 
trial plant, where recognition is based on actual 
accomplishments. Location immaterial; West 
preferred. B-7223. 


ELECTRICAL ENGINEER, 29, single, Swiss, 
graduate E. E. of the Politechnical University 
Zurick, European and American experience in 
design and layout of power plants and substations. 
Employed at present; desires new connection with 
consulting engineer. Speaks Enxlish. French and 


German. Excellent references. C-4254. 
ELECTRICAL ENGINEER, graduate in 
E. E., 15 years’ experience: General Electric 


test, anthracite coal fields, large New York State 
power company, testing, maintenance, inspection, 
electrical drafting and construction of power 
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FLOYD, GEORGE D., Testing Engineer, Hydro 
Electric Power Comm., Toronto, Ont., 
Canada. 


FORSTALL, EDWARD LOGAN, Asst. Engr., 
Bell Telephone Co. of Pa., Pittsburgh, Pa. 


HALL, WESLEY B., Asst. Prof. of Elec. Engg., 
Yale University, New Haven, Conn. 


LEWIS, CHARLES H., Distribution Engineer, 
Public Service Elec. & Gas Co., Newark, N. J. 


McCURDY, RALPH G., Engineer, 
Tel. & Tel. Co., New York, N. Y. 

McHUGH, JOHN A., Asst. Engr.. Elec. Engg. 
Dept.. N. Y. Edison Co., New York, N. Y. 

MOORE, ETHELBERT E., Asst. Engr., Hydro 
Electric Power Comm., Toronto, Ont., Can. 

PHILBRICK, FREDERICK B., Asst. Chief 
Engr., The Gamewell Co., Newton Upper 
Falls, Mass. 

POST, ARTHUR W., Telephone Engineer, 
American Tel. & Tel. Co., New York, N. Y. 

PRICE, TYLER G., Junior Engineer, Common- 
wealth Edison Co., Chicago. IHN. 

STICHT, HERMAN H., Manager, Herman H. 
Sticht & Co.. New York, N. Y. 

TURNOCK, HARRY C., Chief Elec. Engr., 
Hatfleld Electric Co., Cleveland. Ohio. 

WEST, CHARLES P., Section Engineer, Switch- 
board Engg. Dept., Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 


American 
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houses, substations and transmission lines. 
Some steel mill experience. C-4012. 

ELECTRICAL ENGINEER, 39, married. of 
high reputation, experienced in design and cost 
calculation of electric lighting and industrial 
installations, desires connection with organization 
of consulting engineer or architects. Location 
preferred, New York City. B-8009. 

ELECTRICAL ENGINEER. 30, technical 
graduate, B. S. in E. E, 1921. Three years’ 
experience electric and  ice-plant operation, 
including plant efficiency work. Also six months 
hydroelectric distribution work covering all 
phases, as assistant division engineer, large power 
company. Location, immaterial. C-4629. 

UTILITY ENGINEER, 41, married. Wide 
experience in power and lighting sales manage- 
ment, new business surveys, rates and industrial 
plant electrification; desires connection with 
utility, holding company or engineering firm. 
Ten years with utilities, flve years in industrial 
plants. Thorough technical training in electri- 
cal and mechanical engineering. Salary $5000. 
B-4151. 

TECHNICAL GRADUATE, 28, single. One 
year Westinghouse test floor work. Two years 
supervising general tests on electrical and me- 
chanical apparatus.  Desires engineering position 
with public utility in Central America or West 
Indies. Fair knowledge of Spanish. C-2312. 

GRADUATE ELECTRICAL ENGINEER, 
26, single, German degree, with one and one-half 
years' experience in laboratory for automatic 
switches, relays and layouts; one and one-half 
years in testing electrical equipment, desires posi- 
tion in laboratory and development. Available 
on two weeks’ notice. C-4639. 


GRADUATE ENGINEER, 22, single. B. S. 
in electrical engineering, Brown University. 1925, 
with good scholastic record. Experienced in 
varied foundry and machine shop practise. 
Desires permanent position in a general engineer- 
ing organization. Willing to work hard: unusual 
adaptability. Location, immaterial.  C-1672. 


ELECTRICAL ENGINEER AND SUPER- 
VISOR. 32, broad experience with utilities in both 
office and field. desires new connection in responsi- 
ble position such as assistant manager or electrical 
superintendent; excellent record. Available at 
short notice. Salary $3600. B-5505. 
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APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before July 31, 1928. 
Anderson, W. C., Pratt Institute, Brooklyn. N. Y 
Ariagno, O., New York Edison Co., New York. 
N. Y. 

Barton, D. N., Southern California Telephone 
Co., Los Angeles, Calif. 

Benchea, J. T., 3315 Block Ave., East Chicago, 


Ind. 

Beyer. H., Cornell Electric Mfg. Co., Long Island 
City. N. Y. 

Bodine, H. K., Philadelphia Electric Co., Phila- 
delphia. Pa. 


(Applicant for re-election.) 

Boyer, J. M., (Member). Chesapake & Potomac 
Telephone Co., Washington. D. C. 

Brower, W. M., (Member), Federal Telegraph 
Co.. Palo Alto, Calif. 

Coles, A.. Jr.. Radio Consultant & Experimenter, 
Brooklyn, N. Y. 


July 1928 


Colvin, A. D., Southwestern Bell Telephone Co., 
Dallas, Texas 

Cohn, B. S., Kansas Electric Power Co., Mad- 
ison, Kans. 

Cooper, F. A., Southwestern Bell Telephone Co., 
Dallas, Texas 


Copeland, J. S., Alan T. Cooke & Co., Houston, 
ae 

Corey, P ; (Member), Ohio Brass Co., Mans- 
field, Uu 

Davidson, O. H., O. H. Davidson Co., Denver, 
Colo. 

Devine, L. V., General Electric Co., Cincinnati, 
Ohio 

Dyer, G. A., Southwestern Bell Telephone Co., 


Dallas, Texas 

Eckberg, C. R.. Illinois Bell Tel. Co., Chicago, Ill. 

Eldridge. C. C.. Binghamton Lt. Heat & Power 
Co., Binghamton, N. Y. 

Ferguson, F. A., (Member), Westinghouse Elec. & 
M fg. Co., Denver, Colo. 

Gowing, M. R.. (Member), 
Mansfield, Ohio 

Greer, C. M., Harrington, Howard & Ash, Kansas 
City, Mo. 

Haus, I. J., Globar Corp., Milwaukee, Wis. 

Head, C. F., Westinghouse Elec. & Mfg. Co., 
Boston, Mass. 

*Herson, J. S., Signal Corps, U. S. A., Oceanport, 


Ohio Brass Co., 


N. J. 

Hume, J. N., General Electric Co., Cincinnati, 
Ohio 

James, L. S., Public Service Co. of Colorado, 
Boulder, Colo. 


Jenkins, R. W., D. L. & W. R. R., Hoboken, N.J. 

Jones, R. F., Cleveland Electric Illuminating Co., 
Cleveland. Ohio 

Kater, A. C., Houston Armature Works, Houston, 
Texas 

Kennedy, R. M., Southwestern Bell Telephone 
Co., Dallas, Texas 

Lawther, H. P., Jr., Southwestern Bell Telephone 
Co., Dallas, Texas 

Maco, W. A., Montreal Light, Heat & Power 
Cons., Montreal. Que. 

Mathis, J. D., Southwestern Bell Telephone Co., 
Dallas, Texas 

McGee, R. R., General Electric Co., Schenectady, 
N. Y. 

Michal. O. L.. Bell Telephone Laboratories, Inc., 
New York, N.Y. 

Mickley, N. E., Chester Valley Electric Co., 
Coatesville, Pa. 

Milburn, J. D., Pacific Elec. Mfg. Corp.; Walter 
Bates Steel Corp., Dallas, Texas 

Page, H. F., American Tel. & Tel. Co., Chicago, 
Til. 

Paul, C. F., Progress Electric Co.. Cleveland, Ohio 

Payne, H. C., (Member), Bethlehem Electrical 
Const. Co., Bethlehem, Pa. 

Pence, H. B., Consumers Power Co., Saginaw, 
Mich. 

Porter, L. C., (Member), Edison Lamp Works, 
Harrison, N, J. 

Rathbun, J. M., NePage & McKenny Co., Seattle, 
Wash. 

Richardson, C. E., Allis-Chalmers Mfg. 
West Allis, Wis. 

Rodgers, W. H., Penn-Ohio Power & Light Co., 
Sharon, Pa. 

Rutherford. J. F., Laurentide Co., Ltd., Grand 
Mere, Que., Can. 

Samoiloff, L., Public Works Engineering Corp., 
New York, N. Y. 

Shamonin. George V., Electric Controller & 
Mfg. Co., Cleveland, Ohio 


Sharp.. K. E.. Panhandle Power & Light Co., 
Borger, Texas 


Co., 
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Smith, H. B., 1628 Touhy Ave., Rogers Park, 
Chicago, Ill. 

Stoddard, S. W., New England Power Construc- 
tion, Worcester, Mass. 
Tanner, A. E., Cia. A. y de F. E. del Rio Conchos, 
S. A., C. Camargo, Chihuahua, Mexico 
Taylor, A. LeRoy, (Member), University of 
Utah, Salt Lake City, Utah 

Thomas, J. B., (Member), Texas Power & Light 
Co., Dallas, Texas 

Treon, C., Byllesby Engineering & Management 
Corp., Pittsburgh, Pa. 

Wagner, R., Westinghouse Elec. & Mfg. Co., 
Dallas, Texas 

Walker, L. V., Southwestern Bell Telephone Co. 
Dallas, Texas 

Wallace, R. J., Delaware County Electric Co.. 
Morton, Pa. 

Wankel, F. A., Brooklyn Union Gas Co., Brook- 
lyn, N. Y. 

Ward, R. I., Commonwealth Edison Co., Chicago, 
Ill. 


Whynaught, A. B., John 
Cambridge, Mass. 
Zedaker, C. E., Jr., Carolina Power & Light Co., 


Laurinburg, N. C. 
Total 62. 


Reardons Sons Co., 


Foreidn 


Cranmer, J. P., British Thomson-Houston Co. 
Ltd., Willesden, London, N. W. 10, Eng. 
Cresswell, W. F., Royal Aircraft Factory, Farn- 
borough, Eng. 

Ewart, S. J. M., Hastings Borough Council, 
Hastings, Hawkes Bay, N. Z. 

Gaydon, F. A., Bridge St., Toowoomba, Queens- 
land, Aust. 

Gibbs, K. H., Federal Capital 
Canberra, Aust. 

Komai, K., Hitachi Engineering Works, Sukegawa 
Ibaraki-ken, Japan 

Murthy, P. S., Rajahmundry Electric Supply 
Corp., Ltd., Rajahmundry, So. India 

Nield, H. B., (Member), So Wales Electric 
Power Co., Upper Boat, Glam, So. Wales, 
Gt. Britain 

Smith, A., Balfour, Beatty & Co., Ltd., London 
E. C. 4, Eng. 

Tangie, A. A., Municipal Council, Y Sydney, 
N. S. W., Aust. 

Venn, E. F., Yngenio Santa Fe, C. por A., San 
Pedro de Macoris, Dominican Republic 

Total 11. 


STUDENTS ENROLLED 


Albert, Ralph K., University of Michigan 

Alfonso, M. J., University of Detroit 

Andrews, Hal J., Missippi A. & M. College 

Bairos, Cyril A., Stanford University 

Balchan, Stephen J., Stevens Inst. of Technology 

Banfi, J. Mario, New York University 

Batte, Robert B., Virginia Military Institute 

Berglund, Charles W., Jr., Duke University 

Betke, A. Fred, University of Southern California 

Bevacqua, Frank A., Duke University 

Bierwagen, Rudolph W., University of Minnesota 

Billingsley, Charles T., Mississippi Agri. & Mech. 
College 

Black, William E., Jr., Virginia Military Institute 

Blivin, Morris H., Michigan State College of 
Agri. & Applied Science 

Brown, Gordon H., University of Michigan 

Cain, Bernard M., University of Michigan 

Cassidy, Robert A., Duke University 

Cave, William K., Mass. Institute of Technology 

Cliver, Edwin K., Drexel Institute 

Coffey, George W., Univ. of Southern California 

Colado, Ramon E., Univergity of Cincinnati 


Commission, 
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Couch, Johnson, O., Virginia Military Institute 

Cranford, William E., Duke University 

Davison, Edward H., State College of Washington 

Dodkin, Donald, Worcester Polytechnic Institute 

Downey, Reginald L., Virginia Military Institute 

Duckworth, Leonard A., Rhode Island State Col. 

Durrett, Ray M., Mass. Institute of Technology 

Dutli, Walter F., University of Detroit 

Einfalt, Carl R., University of Cincinnati 

Faur, Emil T., University of Detroit 

Ferguson, John A., Ohio State University 

Frankovich, John J., University of Minnesota 

Galbraith, John F., University of Wisconsin 

Gery, Delma L., Duke University 

Goodall, Wiliam M., California Inst. of Tech. 

Haldeman, William F., University of Detroit 

Harness, George T., Jr., California Inst. of Tech. 

Higgins, William H. C., Purdue University 

Hill, Walter M., Iowa State College 

Holley, Richard A., Worcester Polytechnic Inst. 

Hopper, Jack H., University of Arizona 

Hough, William R., University of Michigan 

Hutcheson, Hugh H., University of Washington 

Joy, Clarke H., Clarkson College of Technology 

Karim, Mahammad A., University of Michigan 

Keck, William G., Michigan State College of 
Agri. & Applied Science 

Kennedy, Francis, Worcester Polytechnic Inst. 

King, Francis H., Worcester Polytechnic Institute 

Klien, Norman E., Oregon State College 

Knapp, Kenneth G., Worcester Polytechnic Inst. 

Kyle, John S., University of Alberta 

Laverty, Clarence A., University of Aiberta 

Lay, Roy L., Rice Institute 

Leary, James H., State College of Washington 

Logan, George F., Brooklyn Polytechnic Institute 

Marr, John S., University of Detroit 

Maston, Andrew F., Worcester Polytechnic Inst. 

McCarthy, James H., Worcester Polytechnic Inst. 

Menendez, Ramon A., University of Florida 

Merrill, Henry M., Univ. of Southern California 

Mesina, E. J., University of Detroit 

Metcalf, Edgar C., Bucknell University 

Miner, Thomas B., Rhode Island State College 

Mirgeler, Lester W., Engg. School of Milwaukoe 

Moore, Harry F., University of Illinois 

Moore, John B., University of Wisconsin 

Odabashian, Reginald, Worcester Poly. Inst. 

Parks, Carlton L., West Virginia University 

Perotti, John J., University of Minnesota 

Peterson, Ralph M., State College of Washington 

Porteous, John W., University of Alberta 

Raye, George W., University of Maine 

Richards, Arthur R., Michigan State oe of 
Agri. & Applied Science 

Rohland, Kurt M., University of Detroit 

Sampson, Louis T., University of Illinois 

Sandstrom, Frederick G., Worcester Poly. Inst. 

Schreiber, Fred J.. University of Detroit 

Schulte. Edward A., Newark College of Engg. 

Scolield, Herbert L., University of Michigan 

Scott, Chester F., Rhode Island State College 

Simmons, Percy N., University of Illinois 

Smith A. Mark, State College of Washington 

Smith, Walter E., Ohio State University 

Taylor. George A., New York University 

Timmons, Ray H., University of Illinois 

Torgersen, Harold, New York University 

Tsunekawa, Toshio, University of Colorado 

Wannamaker, William H.. Jr., Duke University 

Washington, Silas P., Rhode Island State College 

Weathers, Ernest L., Oklahoma A. & M. College 

Westrick, M. V., University of Detroit 

Whenman, A. Ray, Harvard University 

White, Harry P., Virginia Military Institute 

Wilson, Pettus K., Jr., University of Florida 

W yer, Richard F , Harvard University 

Total 96. 
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OFFICERS A. I. E. E. 1927-1928 


President 


BANCROFT GHERARDI 
Junior Past Presidents 
C, C. CHESNEY M. I. PUPIN 


Vice-Presidents 


H. M. HoBART O. J. FERGUSON 

" B. G. JAMIESON E. R. NORTHMORE 
GEORGE L. KNIGHT J. L. BEAVER 
H. H. SCHOOLFIELD A. B. COOPER 


A. E. BETTIS C. O. BICKELHAUPT 


Managers 


1. E. MOULTROP 
H. C. Don CArLos 


F. J. CHESTERMAN 


Jonn B. WHITENEAD 
J. M. BRYANT 


E. B. MERRIAM 


M. M. FOWLER F. C. HANKER 
H. A. KIDDER E. B. MEYER 
E. C. STONE H. P. LIVERSIDGE 


National Secretary 
F. L. HUTCHINSON 


National Treasurer 
GEORGE A. HAMILTON 


Honorary Secretary 
RALPH W. POPE 


LOCAL HONORARY SECRETARIES 


T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 


H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House, 
11 Castlereagh St., Sydney, N. S. W., Australia. 


F. M. Servos, Rio de Janeiro Tramways, Light & Power Co., Rio de Janeiro, 
Brazil. 


Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 

A. S. Garfield, 45 Bd. Beausejour, Paris 16 E., France. 

F. W. Willis, Tata Power Companies, Bombay House, Bombay, India. 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

P. H. Powell, Canterbury College, Christchurch, New Zealand. 

Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I. E. E. COMMITTEES 


(A list of the personnel of Institute committees may be found in the Junc 
issue of the JOURNAL.) 


GENERAL STANDING COMMITTEES AND CHAIRMEN 


EXECUTIVE, B. Gherardi 

FiNANP E, H. A. Kidder 

MEETINGS AND Papers, H. P. Charlesworth 
PuBLICATION, E. B. Meyer 

COORDINATION OF INSTITUTE AcriviTiES, G. L. Knight 
BOARD OF EXAMINERS, E. H. Everit 

SECTIONS, W. B. Kouwenhoven 

STUDENT BRANCHES, J. L. Beaver 

MemBERSHIP, E. B. Merriam 

HEADQUARTERS, G. L. Knight 

Law, C. O. Bickelhaupt 

Pustic PoLicy, H. W. Buck 

STANDARDS, J. Franklin Meyer 

Epison MEDAL, M. I. Pupin 

Cope OF PRINCIPLES OF PROFESSIONAL CoNDucr, John W. Lieb 


Journal A. I. E. E. 


COLUMBIA UNIVERSITY SCHOLARSHIPS, W. I. Slichter 
AWARD OF INSTITUTE Prizes, H. P. Charlesworth 
SAFETY Copes, J. P. Jackson 


SPECIAL COMMITTEES 


ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ARTS, J. P. Jackson 
LICENSING OF ENGINEERS, Francis Blossom 


TECHNICAL COMMITTEES AND CHAIRMEN 


AUTOMATIC STATIONS, Chester Lichtenberg 

COMMUNICATION, H. W. Drake 

EpucaTion, P. M. LINCOLN 

ELECTRICAL MACHINERY, F. D. Newbury 

ELECTRIC WELDING, J. C. Lincoln 

ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Vinal 
EvLectropuysics, V. Karapetot 

INSTRUMENTS AND MEASUREMENTS, Everett S. Lee 
APPLICATIONS TO IRON AND STEEL PRODUCTION, A. G. Pierce 
PRODUCTION AND APPLICATION OF LIGHT, Preston S. Millar 
APPLICATIONS TO MARINE Work, W. E. Thau 
APPLICATIONS TO MINING Work, W. H. Lesser 

GENERAL POWER APPLICATIONS, A. M. MacCutcheon 
PowER GENERATION, W. S. Gorsuch 

Power TRANSMISSION AND DISTRIBUTION, Philip Torchio 
PRorEcrIvE Devices, F. L. Hunt 

RESEARCH, F. W. Peek, Jr. 

TRANSPORTATION, J. V. B. Duer 


A. I. E. E. REPRESENTATION 


(The Institute is represented on the following bodies; the names of the repre- 
sentatives may be found in the June issue of the JoURNAL.) 


AMERICAN ÁSSOCIATION FOR THE ÁDVANCEMENT OF SCIENCE, COUNCIL 
AMERICAN BUREAU OF WELDING 

AMERICAN COMMITTEE ON ELECTROLYSIS 

AMERICAN ENGINEERING COUNCIL 

AMERICAN ENGINEERING STANDARDS COMMITTEE 

AMERICAN MARINE STANDARDS COMMITTEE 

AMERICAN YEAR Book, ADVISORY BOARD 

BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 

CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE 
COMMITTEE OF APPARATUS MAKERS AND Users, NATIONAL RESEARCH COUNCIL 
COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS 
ENGINEERING FOUNDATION BOARD 

JOHN Fritz MEDAL BOARD OF AWARD 

JOINT COMMITTEE ON WELDED RAIL JOINTS 

JOINT CONFERENCE COMMITTEE OF Four FOUNDER SOCIETIES 

LiBRARY BOARD, UNITED ENGINEERING SOCIETY 

NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 
NATIONAL FIRE WASTE COUNCIL 

NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 

NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF ENGINEERING SECTION 
THE NEWCOMEN SOCIETY 

RADIO ADVISORY COMMITTEE, BUREAU OF STANDARDS 


SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OP INVESTI- 
GATION AND COORDINATION 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ELECIROTECHNICAL 
COMMISSION 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ILLUMINATION Cox- 
MISSION 


W ASHINGTON AWARD, COMMISSION OF 
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LIST OF SECTIONS 

2 Name Chairman Secretary Name Chairman Seczetary 

Akron A. L. Richmond W. A. peel Ohio Insulator Pittsburgh W. C. Goodwin H. E. Dyche, University of Pitts- 

ies Be burgh, Pittsburgh, Pa. 

Aura POO. od Gee ose euer Tu. qidtehelá H. O. Stephens P. R. Finch, General Electric 

Atlanta, Ga. ü Co., Pittsfield, Mass. 
Baltimore W.B.Kouwenhoven R. T. Greer, Madison St. Building, Portland, Ore. J. E. Yates L. M. Moyer, General Electric 
Baltimore, M Co., Portland, Ore. 

Boston E. W. Davis NL Coum; 39 Boylston St., Providence P. N. Tompkins P. W. Smith, Blackstone Valley 

Chicago B. E. Ward L. J. Vanhalanger, Conway Build- E S. Electro CO Pawtucket, 
ing, Chi , Ill. Ee 

Cincinnati R. C. Pryer ob ee Elec, Rochester R. D. De Wolf C. C. Eckhardt, Igrad Condenesr 
& Mfg. Co., Cincinnati, Ohio & Mfg. Co., 26 Ave. D, Rochester, 

Cleveland A. M. Lloyd E. W. Henderson, 1088 Ivanhoe N. Y. 

Road, Cleveland, Ohio St. Louis C. P. Potter E. G. McLagan, 2188 Railway 

Columbus P. C. Nesbitt "E Bt Oni Exchange Bldg., St. Louis, Mo. 

Connecticut A. E. Knowlton R. G. Warner, Yale University, San Francisco W. L. Winter ges Jones, 807 Rialto Bldg., San 
New Haven, Conn. rancisco, Calif. 

Dallas G. A. Mills A. Chetham-Strode, Dallas Pr. & Saskatchewan J. D. Peters W. P. Brattle, Dept. of Tele- 
Lt. Co., Interurban Bldy., Dal- phones, Telephone Bldg., Re- 
las, Texas gina, Sask., Canada 

Denver A. L. Jones Bo Ronde do phone cB dg. Schenectady T. A Worcester R. F. Franklin, Room 301, Bldg. 

dei : No. 41, General Elec. Co. 

Detroit-Ann Arbor P. H. Riddle Prof. A. H. Lovell, University of : : 
Michigan, Ann Arbor, Mich. Schenectady, N. Y 

Erle L. H. Curtis C. P. Yoder, Erie County Elec. Seattle C. R. Wallis Ray Rader, Puget Sound Pr. & 

rie, Pa. Lt. Co., Seattle, Wash. 

Fort Wayne P. O. Noble F. W. Merrill, General Elec. Co., Sharon H. B.West H. B. West, Westinghouse Elec. 
Fort Wayne, Ind. & Mfg. Co. Sharon, Pa. 

Indianapolis-Lafayette C. A. Pay jo edite a toa. Morse Southern Virginia W. S. Rodman J. S. Miller, Box 12, University 

^ Va. 

ausa R. F. Chamberlain H, tee NY. «Cornell University, Spokane L. R. Gamble James B. FPisken, Washington 

Kansas City S. M. DeCamp B. d George, Kaiki Cit a & Water Power Co., Lincoln & 

t. Co., Kansas City, Trent, Spokane, Wash. 

Lehigh Valley M. R. Woodward G. P, Broka Pengayivasia Lig Springtield, Mass. C. A. M. Weber B. V. K. French, American Bosch 
Allentown, Pa. : Magneto Corp., Springfield, 

Los Angeles L. C. Williama H. L. Caldwell, Bureau of Light & Mase. 

Power, Los Angeles, Cal. Syracuse C. E. Dorr P. E. Verdin, 615 City Bank Bldg., 

Louisville D. C. Jackson, Jr. N. Le un 1631 Deer Lane, Syracuse, N. Y. 

uisville, Ky. 

Lynn W. F. Dawson V. R. Holmgren, Gen. Elec. Co., Toledo T. J. Nolan Max Neuber, 1257 Fernwood Ave., 
Bldg. 64 G, Lynn, Mass. f Toledo, Ohio 

Madison J. T. Rood H. c! „Hunt, D. State Jounal Toronto C. E. Sisson P. P. Ambuhl, Toronto Hydro- 
TM Madison, Wis. Elec. System, 226 Yonge St., 

Mexico B. Nikiforoff E. D. Luque, Providencia 520, Toronto, Ont., Canada 
Mine Del Valle, Mexico, D. P. Urbana J. O. Kraehenbuehl J. K. Tuthill, 106 Transportation 

Milwaukee John D. Ball Wm. J. Ladwig, Wisconsin Tel. mur NN SUDAN 
Co., 418 Broadway. Milwaukee, Urbana, lil. 
bs Utah Daniel L. Brundige C. B. Shipp, General Electric Co., 

Mianesota J. E. Sumpter ees Dit rcs Rice & Atwater. Salt Lake City, Utah 

Nebraska N. W. Kingsley Roy Hagen, General Electric Co., Vancouver A. C. R. Yuill J. Teasdale, British Columbia 
maha, Nebraska Elec. Railway Co., Vancouver, 

Rew York L. W. W. Morrow J. B. ase aa pb EIS ec B. C., Canada 

roadway, New York, N. Y. 
: 4d. Washington, D. C. M. G. Lloyd H. E. Bradley, Potomac Elec. 

Niagara Frontier L. E. Imlay E ins NCC Build Pr. Co., 14th & C Sts., N. W., 

Oklahoma Edwin Kurtz B. d Fisher, Oklahoma, A. & M Washington, D. C. 
ollege, otillwater, 

Worcester Guy F. Woodward FP. B. Crosby, Morgan Construc- 

Panama L. W. Parsons M biete E EP Box 174, Balboa tion Co., 15 Belmont St., Wor- 

Philadelphia I. M. Stein R. H. Silbert, 2301 Market St., cester, Mass. 

Philadelphia, Pa. Total 53 
LIST OF BRANCHES 
E OURACIOT 
Name and Location Chairman Secretary (Member ot Faculty) 

Akron, Municipal University of, Akron, Ohio..............- eere SNC NAE C. R. Delagrange P.W Bierman J. T. Walther 

Alabama Polytechnic Institute, Auburn, Ale......... ccc cece eee n C. T. Ingersoll W. P. Smith W. W. Hill 

Alabama, University of, University, Ala........ 0... cc cece ccc er nh Sewell St. John J. M. Cardwell, Jr. 

Arizona, University of, Tucson, Ariz... 2... cc ccc ccc cc ccc e ee hohem Gary Mitchell Audley Sharpe J. C. Clark 

Arkansas, University of, Fayetteville, Ark... 0... 0.0. cc cece cece ccc ce ceeces W. H. Mann, Jr. Dick Ray W. B. Stelzner 

Armour Institute of Technology, 3300 Feder..l St., Chicago, Ill......... suus. L. J. Anderson H. T. Dahlgren D. P. Moreton 

Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y............. james Brown F. W. Campbell Robin Beach 

Bucknell University, Lewisburg, Pa............... A UP er e WE G. B. Tinm A. C. Urffer W. K Rhodes 

California Institute of Technology, Pasadena, Calif...........cccccccccccceces J. W. Thatcher J. G. Kuhn R. W. Sorensen 

Californis, University of, Berkeley, Calif........... p E Sree John F. Bertucci Nathan C. Clark T.C. McFarland 

Carnegie Institute of Technology, Pittsburgh, Pa.........c.ccccccccccseccces N. D. Cole J. H. Ferrick B. C. Dennison 

Case School of Applied Science, Cleveland, Ohio.............. eee e. W. A. Thomas J. O. Herbster H. B. Dates 

Catholic University of America, Washington, D. C..........ccccecccccvccecsecye V. O'Connor R. H. Rose T. J. MacKavanaugh 
Cincinnati, University of, Cincinnati, O........... ccc ccc cc ehh ....... C. E. Young W. C. Osterbrock W. C. Osterbrock 
Clarkson College of Technology, Potsdam, N. Y............... e Tm ...G. L. Rogers J. S. Loomis A. R. Powers 
Clemson Agricultural College, Clemson College, S. C................ ecco A. P. Wylie W. J. Brogdon S. R. Rhodes 
Colorado, University of, Boulder, Colo................ PIRA EY Pia eia J. A. Setter H. R. Arnold W. C. DuVall 
Colorado State Agricultural College, Fort Collins, Colo............. eee eee Harold Groat Howard Steinmetz H. G. Jordan 

Cooper Union, New York, N. Y......... cc cscs ccccccvcce ia edat pae eee oe E. T. Reynolds Wilfred Henschel N. L. Towle 

Denver, University of, Denver, Colo....... 0... ccc cece e cece estes ce ceescees G. K. Baker L. L. Booth R. E. Nyswander 
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LIST OF BRANCHES—Continued. 


. Name and Location Chairman 
Detroit, University of, Detroit, Mich............ cece cece ccc eil E. T. Faut 
Drexel Institute, Philadelphia, Pa... .... ccc cece c cece cee eee ccceseeeees J. E. Young , 
Duke University, Durham, N.C.........c ccc secs cecccecccecscccceccccceses O. T. Colclough 
Florida, University of, Gainesville, Fla........... 0. ccc c ccc cc cece hon W. H. Johnson 
Georgia School of Technology, Atlanta, Ga........... ccc ccc ccc cs cece en J. A. Hart 
Idaho, University of, Moscow, Idaho......... cece cece cece cece cc ee hern R. G. Elliott 
Iowa State College, Ames, Iowa................ WOES x Duae M Qd Re W. H. Curvin 
Iowa, State University of, Iowa City, Iowa... ... 0. ccc ccc ccc cece cece ccccce P. L. Kline 
Kansas State College, Manhattan, Kansas.............cccccccccsecccccccucs R. D. Bradley 
Kansas, University of, Lawrence, Kans...........0.ccccccccvccccccsccccsecs R. M. Alspaugh 
Kentucky, University of, Lexington, Ky...... ee Tee RET ee oe ree H. M. Otto 
Lafayette College, Easton. Pa....... ccc cc cece eese eee onto eas oes John W. Dagon 
Lehigh University, Bethlehem, Pa... ...... ccc cece ccc ccc es ccssccccceccece H. C. Towle, Jr. 
Lewis Institute, Chicago, I111l............. cc cc wc c cc cect ence ccc cessceceens A. R. Sansone 
Louisiana State University, Baton Rouge, La........................ cece cece R. C. Alley 
Louisville, University of, Louisville, Ky. 2... 0... ccc ccc ce cece ce m es Samuel Evans 
Maine, University of, Orono, Maine........... ccc ccc ccc eee ec ccescccccens R. F. Scott 
Marquette University, 1200 Sycamore St., Milwaukee, Wis................. J. R. Adriansen 
Massachusetts Institute of Technology, Cambridge, Mass..................... W. M. Hall 
Michigan State College, East Lansing, Mich...............e eee erroe K. E. Hunt 
Michigan, University of, Ann Arbor, Mich.............ccccccccccccesscecees L. J. VanTuyl 
Milwaukee, School of Engineering of, 415 Marshall St.. Milwaukee, Wis....... Joseph Havlick 
Minnesota, University of, Minneapolis, Minn................ eee eee eese G. C. Brown 
Mississippi Agricultural & Mechancal College, A. & M. College, Miss.........- H. M. Stainton 
Missouri School of Mines & Metallurgy, Rolla, Mo................- een ...H. H. Brittingham 
Missouri, University of, Columbia, Mo........ 0... cc cece ccc ccc cere cc scvecscs C. E. Schooley 
Montana State College, Bozeman, Mont...........ccccsccvcccccccvcsecsvece W. F. Kobbe 
Nebraska, University of, Lincoln, Neb...........ccccccccccccces Seca ne Spxad ts G. W. Cowley 
Nevada, University of, Reno, Nevada........... duda ww e aaa eid es doa S eR s K. K. Knopf 
Newark College of Engineering, 367 High St., Newark, New Jersey..... ...... E. S. Bush 

New Hampshire, University of, Durham N. H........... vovIUFR C neesiana e Ne J: Pierce 
Hew York, College of the City of, 139th St. & Convent Ave., New York, N. Y....Joseph Leipsiger 
Rew York University, University Heights, New York, N. Y...... TER es...sas Je F. Torpie 
North Carolina State College, Raleigh, N. C............... ———— es J. C. Davis 
North Carolina, University of, Chapel Hill, N. C............... eee 22s. ss]. D. McConnell 
North Dakota, University of, University Station, Grand Forks, N. D —— T Alfred Botten 
Northeastern University, 316 Huntington Ave., Boston 17, Mass.............. L. A. Smith 
Notre Dame, University of, Notre Dame, Ind............ avide Ad ELTE Charles Topping 
Ohio Northern University, Ada, O.............. uds eed S auaga uw SUE E a ws John Simmons 
Obio State University, Columbus, O............eeeceeee eoo ton R. H. Spry 

Ohio University, Athens, O......... ccc ccc cece cc cece cc cceseccesesececesees Clarence Kelch 
Oklahoma A. & M. College, Stillwater, Okla................ TP Benny Fouts 
Oklahoma, University of, Norman, Okla................- ecccceoeceececec. . Dick Mason 
Oregon State College, Corvallis, Ore........... eee etn —— J. D. Herts 
Pennsylvania State College, State College, Pa......... xw s EE E ae be CK V . ..Carl Dannerth 
Pennsylvania, University of, Philadelphia, Pa................ — ree .. . Wm. H. Hamilton 
Pittsburgh, University of, Pittsburgh, P&................eee eee tn ...-K. A. Wing 
Princeton University, Princeton, N.J.....cccccccccscccccccceccecevcssccess R. W. MacGregor, Jr. 
Purdue University, Lafayette, Indiana................... eee —— waieee J. F. Nuner 
Rensselaer Polytechnic Institute, Troy, N. ¥..........ccccccvcccsccscvcseess W. PF. Hess 
Rhode Island State College, Kingston, R. I............ —— Á—— MÀ C. F. Easterbrooks 
Rose Polytechnic Institute, Terre Haute, Ind................... cce eere nnn Arthur Drompp 
Rutgers University, New Brunswick, N. Ji... cc ccc cece ccc ces veeescccscesces N. A. Kieb 
Santa Clara, University of, Santa Clara, Calif................... eee ern R. P. O'Brien 
South Dakota State School of Mines, Rapid City, S. D.............. ........ L. M. Becker 
South Dakota, University of, Vermillion, S. D..............-.ceece coco . . . C. R. Cantonwine 
Southern California, University of, Los Angeles, Calif...............- eee ern Lester Bateman 
Stanford University, Stanford University, Calif................ s. eco soso ss. D. E. Chambers 
Gtevens Institute of Technology, Hoboken, N. J.............. eccccceececceee We. N. Goodridge 
Swarthmore College, Swarthmore, Pa.............. ce eee hoses T. C. Lightfoot 
Syracuse University, Syracuse, N. Y.................-. Minced es Monee aed ad E. D. Lynde 
Tennessee, University of, Knoxville, Tenn..... use utes ee eee Vd REGN QN EE ..J. R. McConkey 
Texas, A. & M. College of, College Station, Texas.............. eee eee ^. oJ. L. Pratt 
Texas, University of, Austin, Texas........... eee oto —M J. B. Robuck 
Utah, University of, Salt Lake City, Utah..........eeeeeeeseeoooooooocoo 2e... C. E. White 
Vermont, University of, Burlington, Vt... ...... ccc ce cc cc cece cee e cee cence F. L. Sulloway 
Virginia Military Institute, Lexington, Va........s.s... —— E c.. sP. Barkus 
Virginia Polytechnic Institute, Blacksburg, Va........cccccccceces rer ee M. B. Cogbill 
Virginia, University of, University, Va.........cccccccccccces Puewedukesa eens H. D. Forsyth 
Washington, State College of, Pullman, Wash............... — cocos s H. B. Tinling 
Washington University, St. Louis, Mo............. eee eese Pad wis du R. L. Belshe 
Washington, University of, Seattle, Wash......... cc cece ccccccccccccccsccces W m. Bolster 
Washington and Lee University, Lexington, Va..........cccccvccccccsccccens R. E. Kepler 
West Virginia University, Morgantown, W. Va..........ee eee dora du E eee es G. B. Pyles 
Wisconsin, University of, Madison, Wis........ ccc ccccccccccescescccs ..... John Sargent 
Worcester Polytechnic Institute, Worcester, Mass.......... escoccoceeees s F. J. McGowan, Jr. 
Wyoming, University of, Laramie, Wyoming........... ree eis voe s J. O. Yates 

Yale University, New Haven, Conn...........ceeee eee sosooooooosos ORC ss W. J. Brown 
Total 98 


AFFILIATED STUDENT SOCIETY 


Brown Engineering Society, Brown University, Providence, R. I............. S. A. Woodruff 


. T. Anderson 
Clark Amens 
Henry L. Harrison 
M. W. Cummings 
A. H. Rapport 

R. J. Fluskey 

T. C. Parmer 

W. C. Burnett 
Nels Anderson 

C. S. Porter 
George Conner 
Verl Jenkins 

G. W. Trout 

H. W. Giesecke 
Jerry Robertson 
J. S. Harmon 
Richard Setterstrom 
W. J. Gorman 

S. R. Warren, Jr. 
R. H. Perry 

W. Wilson 

P. C. Sandretto 
S. B. Morehouse 
Charles Miller 

J. F. Payne 

J. E. Conover 

C. E. Newton 


Robert Mytinger, Jr. 


Paul Schell 

L. F. Slezak 

T. L. Lenzen 

S. J. Tracy 

W. FP. Denkhaus 
R. C. Miles 

R. L. Harvey 
H. W. Whitney 
G. E. Schmitt 
Junior Petterson 
L. G Cowles 

E. F. James 

A. G. Collins 

C. H. Davis, Jr. 
J. B. Danielson 
J. G. Mazanec, Jr. 
Arthur Peterson 
Bernard Yoepp 
C. C. Coulter 
Leonard Saari 
H. P. Shreeve 
E. C. Moudy 
W. T. Kelly, Jr. 
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[] 28-50 C.F. Billizod potra e ERR HER V Improvements in Insulation for High-Voltage A-C. Generators 

C] 28-44 W.B. Stephenson.......................00.. The Planning of Telephone Exchange Plants 

[] 28-60 Ludwig Eneke................sss sese Interconnection of Power and Railroad Traction 

(] 286-65 C.I. Hal......... re SHE mated ef o de ys High-Speed Recorder 

[]28-63 C.F. Estwick............ usse esee Shunting of Track Circuit in a Polyphase System 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 


Radio Telephones For Trains.—Bulletin GEA-944A, 8 pp. 
Radio Telephone Equipment for Train Communieation. Gen- 
eral Electric Company, Schenectady, N. Y. 

Steel Sheets.— Bulletin, 28 pp., descriptive of a variety of 
steel sheets, including those applicable for electrical purposes. 
Empire Steel Corporation, Mansfield, Ohio. 

Spool Insulator Cable Supports.—Bulletin 31-F. De- 
scribes a new line of unit type low voltage spool insulator supports 
developed by the Delta-Star Electric Company, 2400 Block 
Fulton Street, Chicago, Ill. 

Automatic Stations.— Bulletin GEA-90B,32pp. Describes 
the automatic station installations of the General Electric Com- 
pany up to January 1, 1928. General Electric Company, 
Schenectady, N. Y. 

High Tension Bus Data.—Handbook, 120 pp. Includes 
tables, formulae and other information describing the design, 
construction and similar phases of bus work. Burndy Engineer- 
ing Co., Ine., 10 East 43rd Street, New York. 

Floodlighting.—Bulletin GEA-439B, 12 pp., illustrated. A 
Short Cut to the Solution of Floodlighting Problems. General 
Electric Company, Schenectady, N. Y. 

Arc Welding Equipment.— Bulletin 206, 8 pp. Describes 
various types of equipment for are welding, including the variable 
voltage, single operator type, &nd the constant potential, multiple 
operator type. "The Lineoln Eleetrie Company, Coit Road and 
Kirby Ave., Cleveland, Ohio. 

Bus Supports.—Bulletin 31-BA. Describes a new line of 
low voltage bus supports for voltages from 220 to 45000. "The 
fittings are interehangeable with higher voltage supports listed 
in the Delta-Star bulletin 31-B. Delta-Star Electric Company, 
2400 Block Fulton Street, Chicago, Ill. l 

Maximum Demand Register.—Bulletin 75, 8 pp. De- 
scribes Sangamo type HB maximum demand register, which 
has been greatly simplified in construction and developed to give 
the longest possible scale reading. It supersedes type HM for 
both single phase and polyphase meters and is furnished for either 
type H2or HC watthour meters. Sangamo Electric Company, 
Springfield, Ohio. 

Lighting Data.— Bulletin LD 1444, 60 pp., “Street Lighting 
With Mazda Lamps.” Includes a bibliography on the subject. 
Bulletin LD 109C, 32 pp., “Lighting of Schools and Gym- 
nasiums.” Both bulletins are well illustrated and conform to the 
customary high standard of previous publications issued by the 
Edison Lamp Works of the General Electric Co., Harrison, N. J. 

Indoor Cable Terminals.—Bulletin 711, 80 pp. A very 
comprehensive illustrated brochure describing all Standard 
cable accessories, principally indoor cable terminals, designed for 
use in sheltered locations. The bulletin includes cable rating 
tables and data for the calculation of cable dihmeters as well as 
current carrying capacity. Standard Underground Cable 
Company, 100 Seventeenth Street, Pittsburgh, Pa. : 

Expansion Anchors.— Bulletin 301, 4 pp. Describes a new 
“4 in 1" expansion anchor suitable for use in any kind of hard 
soil, at any angle, and to any depth. These anchors are made of 
malleable iron, guaranteed against breakage, in four sizes. The 
particular features incorporated in the anchor are: they may be 
used as an expanding anchor, as a plate anchor, as a cone anchor 
and as a slug anchor. James R. Kearney Corporation, 4224 
Clayton Avenue, St. Louis, Mo. 


NOTES OF THE INDUSTRY 


New Cable Grip Company.— The Kellems Products, Ine., 
6 Variek Street, New York, has been formed for the purpose of 
manufacturing and selling the Kellems patented cable grip and a 
complete line of all old ty pe cable grips. 
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DIGEST OF CURRENT INDUSTRIAL NEWS 
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W. J. Stanton, formerly assoeiated with the Ohio Brass 
Company, is engaging in & new line of business and is starting 
a manufacturers’ agency located at 120 Broadway, New York. 
Although during the past few years Mr. Stanton has been located 
in New York, he previously eovered several territories for the 
Ohio Brass Company. 


The Roller-Smith Company, 12 Park Place, New York, 
announces thé following changes in its sales organization: The 
State of Texas is now being handled by John A. Coleman, 
1006 Washington Ave., Houston, Texas. The States of Colorado, 

ah, Wyoming and Northern New Mexieo are now being 
handled by H. T. Weeks, U. S. National Bank Bldg., Denver, 
Colo. Both Mr. Coleman and Mr. Weeks are men of wide 
experience in the electrical business and with the territories that 
they are covering. Both will handle the entire line of Roller- 
Smith products including electrical measuring instruments, 
relays, and eireuit breakers. 

The “‘Hubbard Line Builder” display truck, which was 
exhibited at the N. E. L. A. convention at Atlantic City, is now 
on à tour which will inelude in its itinerary all possible stops where 
there is likely to be an interest in electric line building materials. 
The tour will be conducted by Hubbard sales engineers who will 
have charge of the display truek while it is in their territories. 
Hubbard pole line hardware and Peirce construction specialties 
will travel via the "Hubbard Linebuilder" from coast to coast, 
constantly keeping in close touch with three large Hubbard 
Plants to receive the latest in Pole Line Construction develop- 
ments. These three Hubbard and Company factories are 
located at Pittsburgh, Chicago and Oakland, Calif. 


Results of Interconnection of Electric Systems in Great 
Britain. The British market for electrical apparatus is certain 
to receive a marked impetus when the super-power system pro- 
vided for by recent legislation begins to function, according to 
Assistant Commercial Attache Hugh D. Butler, London, in a 
trade bulletin just issued by the Commerce Department. 

Electrification of Great Britain, it is pointed out, has not 
developed to the degree one would expect in such a highly indus- 
trialized nation. The numerous generating stations which from 
time to time have sprung up have remained unstandardized and 
uncontrolled. The new law contemplates the linking of all these 
stations into one huge electrical system which will provide cur- 
rent to both industry and the home at greatly reduced rates. 


Naturally, all manufacturers of electrical apparatus will 
benefit under the new program. Heavy apparatus, cables, 
wires, etc. are practically controlled by the British industry; 
the German and Continental makers sell a variety of supplies and 
special products on a price basis or because of some special 
features in design. It is in the expensive high-class type of 
electrical goods that American manufacturers are prominent and 
it is in this field that Mr. Butler believes that future expansion 
of our electrical trade with Great Britain will occur. 


The capital invested in the entire electrical industry of Great 
Britain, including generating station equipment, amounts to 
approximately $4,000,000,000, of which $375,000,000 represents 
investments in the manufacture of various electrical products. 
In 1926 the returns on British investments in electrical supply 
undertakings averaged 6.21 per cent while in the manufacturing 
section the return was 7.7 per cent. There has been a steady 
increase in British electrical companies and undertakings during 
recent years, the number rising from 1400 in 1913 to nearly 1700 
at the beginning of the current year. 


Sales of American electrical goods in Great Britain in 1927 
were valued at approximately $6,000,000. Included in this 
figure were household motors valued at $800,000; heating 
apparatus, $200,000; refrigerators, $412,000; and washing 
machines, $122,000. 
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Obligations of A. I. E. E. Sections 
To Public and Civil Relations* 


This title naturally suggests a discussion of ways and 
means of making most effective contact with civic 
problems and of the duty of engineers to apply their 
special talents on matters of public welfare. 

The conferences of the last two years showed that 
many such contacts are already made in an organized 
way. Engineers in general seem to appreciate their 
civic obligations, though the vast majority of them do 
not express this appreciation in vigorous action. Much 
of the discussion stresses the importance of getting 
prominent speakers to address engineering meetings 
and emphasizes the desirability of having such speakers 
reach the public through the radio and the press. 
This was the major substance of resolutions presented 
by the special committee on the subject at last year’s 
conference, which resolutions were adopted by the 
Directors, and the Sections are now charged with 
making them effective. 

These resolutions are excellent and should be carried 
out as one means of helping toward the desired goal. 
I am in full sympathy with this effort and also with 
every move looking toward the cooperation of engineers 
on matters of general community interest as well as 
engineering interest. 

I am wondering, however, if there isn’t more that we 
ean do or if we might not put the greater emphasis on a 
further activity. I am going to take some liberties 
with the title assigned me and dwell on how the Sections 
can make the engineer more effective in his public relations. 

We have been told that one of the ways to win from 
the public a higher regard for our profession is for us to 
interpret the engineering world to the public mind. 
Herein, I believe, lies our biggest opportunity. The 
very need for interpretation suggests the engineer’s 
weakness because of which much of his work has missed 
the world’s acclaim. He is not a boaster or an adver- 
tiser. His training has made him abhor these. But yet 
he complains because of lack of recognition. (Fortu- 
nately the plaintive voice is weakening perceptibly.) 

We must recognize that Mr. Average Citizen is a 
moderately superficial thinker and if we want to catch 

and hold his eye and ear we must use methods that he 
will readily understand. We must learn to lay aside 
engineering language at times. 

*Talk before Sections Delegates Conference, Denver, Colo., 
June 25, 1928. 


AUGUST, 1928 


Number 8 


Let me try to illustrate what I have in mind. Let us 
suppose that an engineer has laid out a splendid bit of 
highway illumination between two cities. Engineers 
would probably be much interested in a description of 
the work presented at an engineering society meeting. 
The description would very likely deal almost entirely 
in foot candles, lumens, light distribution, glare, con- 
struction details, etc., and the resultant discussion 
would probably deal with reflectors, special lamps, ete., 
etc. The suggestion that this installation would be a 
splendid subject for presentation before the chamber of 
commerce of a town would most likely meet with no 
support because the public interest in an engineer's 
paper would not be sufficient. 


However, let us suppose that this engineer sees far 
beyond his slide rule and that he would tell a story 
dealing with the importance of this particular highway 
to the towns it connects, leading up somewhat histori- 
cally perhaps to the economie value of the highway and 
how this would be increased if the road could be used 
safely at night. Suppose he tells à very human story 
of the efforts to provide satisfactory illumination for 
this purpose, and how the idea was sold to the town- 
ships along the way that had to provide budget allow- 
ances for it. Then in closing suppose he emphasizes 
how the installation was made so it would add to, 
rather than detract from the natural beauty of the 
scenery, indicating that engineers know the social 
value of beauty. 

Do you think that such an engineering story would be 
rejected by any chamber of commerce? And if pre- 
sented, do you think the audience would consider that 
particular engineer as a man whose interests are 
"solely technical" and apart from the human run of 
life? Would not the audience catch a glimpse of the 
real part that the engineer plays in “‘the general scheme 
of things?" 

Of course, it is not every engineering accomplishment 
that has such a direct public relation as has highway 
illumination, but the example, I hope, brings out the 
point I am trying to make. If engineers, even when 
talking to fellow engineers in their own societies, will 
dwell more on the human purpose of their work, with- 
out, however, omitting the essential technical phases, 
the popular conception of the engineer as one more in- 
terested in things than in human beings will soon dis- 
appear and the publie will pay more sympathetic at- 
tention to his work. Also, the effort to see his own 
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work at longer range will give the engineer a better 
perspective and may fill him with a new enthusiasm 
over the social value of it. Incidentally, the engineer 
himself and his audience may form the habit of the 
larger perspective in their thinking. 

Is not now the time for us to take advantage of the 
attention being given to the engineering profession 
because of the prominence of one of its outstanding 
members? Let us take our place where all educated 
men and women of the nation should take theirs, as 
leaders and not as voices crying for recognition. 

How can the Sections best serve this end? 

Primarily by utilizing every opportunity to interpret 
engineering in human terms. To do this most effec- 
tively the members should be urged to practise public 
speaking. Occasional debates would help toward this 
and would also add interest to a Section’s program. 
And how about contests between Sections? Civic 
problems should have a fairly frequent place on the 
program and ''prominent speakers" only on rare oc- 
casions. Prominent speakers usually speak at their 
listeners, while the greatest and most lasting good 
results from speaking with them. 

The members of the Section should be encouraged to 
address civic bodies, whenever an opportunity is 
presented for the discussion‘of a subject of civic interest 
on which engineers should have special knowledge, 
but engineering information should be presented in 
the form of intensely interesting stories rather than as 
recitals of cold facts.. 


Of course, engineers should participate with interest in 
public affairs, but they should make that participation 
interesting to the public. 

Along with this, the Sections have a wonderful 
opportunity to help in the broader development of the 
young engineering graduates, who are located in their 
communities and who have been taught the value of 
early professional society contact. These youngsters 
can be inspired by visions of service offered through the 
profession, or their youthful ardor can be dampened 
by emphasis on the hard work and long hours that alone 
lead to success. Which is the better to emphasize? 
What is our obligation to these engineers of the im- 
mediate future? 

In conclusion, if engineers are really the helpers and 
friends of mankind that we are often credited with 
being, let us attune our thoughts and modes of ex- 
pression to the rest of mankind and in our search for the 
Royal Road to Success and Happiness we will probably 
find the way sprinkled with flowers of appreciation from 
our fellows in quite sufficient abundance. 

R. F. SCHUCHARDT 


Some Leaders 
of the A. I. E. E. 

Cary T. Hutchinson, Manager of the Institute 
1895-1898, and Vice-President 1898-1900, is a native 
of St. Louis, Missouri. He was graduated from 
Washington University there in 1886 with a degree of 
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Ph. D. obtaining a like degree from Johns Hopkins 
University 1889 in which University he was later elected 
a Fellow 1888-1889. 

It was in 1889-1891 that Doctor Hutchinson actively 
began his professional career in the railway departments 
of the Sprague Electric Railway Company and the 
Edison General Electrie Company. In 1892 the 
consulting firm of Sprague, Duncan and Hutchinson 
was organized with Frank J. Sprague and Louis Dun- 
can, Professor of Electrical Engineering at Johns 
Hopkins University and by this firm, the first electric 
locomotive in the United States was designed and built 
for the North American Company for use on the Chicago 
terminals. These consultants also served the B. & O. 
Railroad in connection with electrifications in Balti- 
more as well as a number of other traction lines in that 
same section. Since then, in an independent capacity, 
Doctor Hutchinson has been consulting engineer for 
many prominent concerns. 

During 1922-1903 he was appointed chairman of a 
commission to design and construct an electric lighting 
system for the City of New York, and with Doctor 
Louis Duncan, served the First Rapid Transit Com- 
mission, (1902-1904) in a consulting capacity. In 1997- 
1908 Doctor Hutchinson designed and built the electric 
traction system for the Cascade Tunnel Section of the 
Great Northern Railway Company in Washington. 
Carrying his electrification work on as member of the 
engineering staff reporting on asuperpower system forthe 
Eastern District of the United States, in 1920-1921 he 
was in charge of the Commission's railway electrifica- 
tion work, at the same time acting in like capacity for 
the Illinois Central Railway Company in connection 
with its Chicago Terminals. In 1926 investigations 
and reports on electrification of the Main Central 
Railroad from Portland to Bangor were made by Doctor 
Hutchinson. For one year he was in charge of the 
Electrical Engineering Department at Johns Hopkins 
University. He was the first secretary of the National 
Research Council and of Engineering Foundation, and 
is also an active member of The American Society of 
Mechanical Engineers and other representative engi- 
neering and scientific bodies. Doctor Hutchinson 
is also a prolific technical writer. Some of his papers 
which have come before the Institute are The Protection 
of Secondary Circuits in Fire Risks (1899); Series Elec- 
tric Traction (1892); The Relation of Energy to Motor 
Capacity and Schedule Speed in the Moving of Trains by 
Electricity (1902); Conditions Governing the Rise of 
Temperature of Electric Railway Motors in Service (1903); 
The Electric System of the Cascade Tunnel of the Great 
Northern Railway (1909) and The Economical Capacity 
of a Combined Hydroelectric and Steam Power Plant 
(1914). Besides these, many of his articles, some in 
collaboration with such men as Louis Duncan, Gilbert 
Wilkes and Henry Rowland have been published in the 
Electrical World, the Philosophical Magazine, the 
Electrical Engineer and other technical publications as 
well as many by himself alone. 


Economy in the Choice of Line Voltages 


and Conductor Sizes for Transmission Lines 
BY E. A. LOEW: 


Member, A. I. E. E. 


Synopsis.— Fundamentally, the choice of line conductors and of 
line voltage for any transmission line is based upon economic law. 
While the law is simple enough, its application is quite involved. A 
mathematical statement of the.law as applied to transmission line 
design was presented in a previous paper! but the utility 
of the conclusions there reached was somewhat limited by the 
lack of suitable constants. The present paper provides suitable 
constantis through which the application of the theory previously 


INTRODUCTION 


T is well known that the most economical conductor 
area to be used in any transmission line project 
is a function of the load to be transmitted, and that 

once the voltage is fixed, the required conductor area 
may readily be found by the aid of Kelvin'slaw. It is 
also known, though not so generally appreciated, that 
the over-all economy in transmission line practise is 
likewise a function of the line voltage used. Accord- 
ingly, since the size of the most suitable conductor can 
be determined properly only after the voltage is fixed, 
and since, initially, the voltage to be used is presumably 
unknown, the problem becomes a complex and difficult 
one to solve. "The solution is usually obtained by the 
trial-and-error method. By this method, separate 
caleulations are made for each of several standard line 
voltages. From among the several results thus found, 
the engineer, in an attempt to select the most economi- 
cal design, then makes hischoice. 'Themethod isindirect, 
time consuming, difficult of application, and unscientific. 
A direct method':? which eliminates much of the un- 
certainty of the older method and greatly simplifies 
the work of making these calculations, once suitable 
data are available, has recently been offered. It 
is the purpose of the present paper to show how the 
method may be applied to the general problem of 
transmitting any assumed load over a line of any 
assumed length by the use of any one of the available 
kinds of aluminum or copper conductors. Curves are 
presented from which the most economical voltage, and 
the corresponding most economical conductor size, 
may be selected at once. Necessarily, the results are 
given for certain assumed average conditions of costs, 


developed is extended to all ty pes of transmission line conductors now 
in general use in America The paper concludes with a set of calcu- 
lated curves for which the most economical line voltage and the most 
economical conductor area can be read off for a transmission line 
project of any assumed length and transmitting any assumed amount . 
of power. The results obtained from the curves are found to agree 


very well with good engineering practise. 
x * k k & 


Where it seems desirable to do so, corrections may 
readily be made to fit new circumstances more exactly. 


THEORETICAL BACKGROUND 


The theoretical basis for the present discussion is 
found in the paper indicated by Reference 1. There 
the writers showed that a correct interpretation 
of Kelvin’s law required that the value of the 
energy annually wasted as line loss be set equal 
to the annual charge against all items of conductor cost, 
line cost, and terminal equipment cost, whose values 
vary with either conductor area or line voltage. Ac- 
cordingly, in order to make a solution of the problem 
possible, each of these items of eost must be expressed 
as a function of either conductor area or line voltage. 
In terms of the symbols given below, the four 
items mentioned may be written for a three-phase line 
as follows: 


1. Dollars annual value of line loss = b pl A I? +d,’ 

2. Dollars annual charge against line conductors 
= 3 Bp ld + e 

3. Dollars annual charge against that portion of tower 
cost which varies with the conductor area 
= 0.01 D» IM d,” 

4. Dollars annual charge against that portion of 
terminal apparatus cost which varies with con- 
ductor area = 0.01 p; kı d? 

The symbols used have the following meanings: 


I -—R.m.s. current per line conductor in amperes. 

d, = Outside diameter of stranded conductor in inch 
units. 

c = d, + d,a constant (approximately) for a particu- 


lar type of conductor. 


types of construction, et cetera; but it is the writers d = Diameter of the equivalent solid rod in inch 
belief that for most cases, they will serve very well. units. 
NU CREATE A = Dollars selling price of one kw-hr. at receiver 
*Prof. of Elec. Engg., University of Washington. = b i : p pes kw 
Presented at the Pacific Coast Convention of the A. I. E. E., dus en : ars; 
Spokane, Wash., Aug. 28-31, 1928. l = Length of line in feet. 
l. Transmission Line Design—II. The Line of Marimum p = Resistivity of conductor material in ohms per 
Economy, by F. K. Kirsten and E. A. Loew, A. I. E. E. JOURNAL, mil-foot. 
Dec. 1925, p. 1356. : 
2. Electrical Power Transmission. McGraw-Hill Co., by b = A constant whose value depends upon the ratio 
E. A. Loew. d, — d, and upon the units used. 
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B = Dollars cost of one foot of line conductor per 
million circular mils. 

Pi, De 

and p, The rates of interest and depreciation appli- 
cable to line conductors, to tower struc- 
tures or supports, and to terminal equipment, 
respectively, all expressed as whole numbers. 

M = Tower constant [see Equation (51), Reference 1.] 


ki = Terminal apparatus constant. 
3k, U? 


ku’ = 
kı’ E? + ky», representing the cost of terminal 
equipment as a function of the line voltage. 
U =A constant relating conductor diameter and 
voltage [see Equation (22) Reference 1.] 
= [38 + 200 (m, ôr — 0.30)] x 10° approximately. 
mo = Roughness factor in Peek's law of the corona. 


ô = Air density factor in Peek's law of the corona. 

r = Theassumed ratio of operating voltage to critical 
disruptive voltage (usually between 0.8 and 
0.9) 


By equating item 1 to the sum of items 2, 3 and 4, a 
mathematical statement of a modified form of Kelvin's 
law is made available. This equation solved for the 
line current yields; 

1/2 


1 /008Bp, 001p,M 0.01 p; zy 
meqel-qul ue qeu ee ee 
I - d, E 2t b -p b pl 


(1) 

Upon multiplying the left hand member of (1) by 

3 E,cos 0 and multiplying the right hand member by 

the equivalent value, 3 d, U cos 0, [see Equation (62) 

reference 1], the left-hand member becomes equal to 

1000 times the r. m. s. kilowatts transmitted. Solving 
the resulting equation for the cable diameter yields 


10 (r. m. s. kilowatts)!/? 
J'*(F-GHH)^? 


The new symbols here introduced are defined below. 
E, = the transmission line voltage to neutral. 


d, = (2) 


T P | (3) 
FP- x pi (4) 
G = a 5) 
H- 5.12 x 1075 p: kı” U? 6) 


bL 
Where L is the length of the line in miles. 


EVALUATION OF CONSTANTS 
Since the purpose of the present investigation is to 
evaluate the economic conductor sizes and line voltages 
for a wide range of loads and lengths of line, and for the 


A constant defined by the equation, cost = 
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available kinds of conductors, such values are assigned to 
the constants as seen to fit average conditions best. 
For the convenience of the reader, the values used will 
be tabulated. 

Only three of the constants in the foregoing equations 
require a word of special explanation. These are the 
constants U, Gand ky’. 

The constant U relates the conductor diameter to the 
line voltage through the medium of Peek’s law of the 
corona; it is the constant which alone makes a mathe- 
matical solution of the problem in hand possible. 
Since the corona voltage. is a function of the distance 
between conductors as supported on the towers or poles, 
so is the value of U dependent upon the distance of 
separation. Accordingly, the value of U will depend 
somewhat upon the type of towers and the conductor 
spacings used as well as upon the values assumed for the 
roughness factor, the air density factor, and the per- 
centage of the critical disruptive voltage at which the 
line is to operate. 


The constant G of Equation (5) is found by expressing 
the cost of line towers as a function of voltage. It is 
very difficult to evaluate G accurately, but fortunately, 
it is a eonstant whose influence upon the choice of 
voltage and conductor size is usually of less importance 
than is that of either of the other terms of equation (2). 


The constant H, Equation (6), is a very important 
factor in lines under 100 mi. long. It represents the 
annual outlay chargeable to terminal equipment, per 
unit length of line. To evaluate H for any transmitted 
load requires that k,’ be estimated for each load 
assumed. Investigation discloses that for a given load 
transmitted over a line, the cost of all terminal equip- 
ment, housing, and wiring can be expressed as a func- 
tion of the line voltage by an equation of the form 

Cost = ky,’ E" + kis 

where E is the line voltage and k,,’ and k,. are constants. 
If the range of voltages considered lies between 88 kv. 
and 220 kv., the above equation is found to fit the actual 
costs quite elosely over the entire range, when the value 
2 is assigned to n. Thus, the constant k,,’ is the slope 
of the straight line which represents terminal apparatus 
and housing costs as a function of [line voltage]*. 


Evidently k;, ^ varies somewhat with the amount of 
power that the equipment must handle, as well as with 
the degree of complexity of the substation layout. 
Values of k,,’ have been estimated for various loads up 
to 100,000 kw. and for three types of station wiring 
(see Table 1) varying from a simple circuit layout in 
column 1 to the double-bus type of structure in column 
3. 


The unit prices of conductors are given by the symbol 
B, which represents the cost in dollars per circular 
inch-foot of stranded cable. Where bi-metallic or 
hemp-core conductors are used the unit cost is still 
given per circular inch-foot of the conducting material, 
but the unit cost in such cases is higher than for the 
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TABLE I 
VALUES OF kı’ FOR VARIOUS LOADS 
Type of 
wiring* 25.000 kw 50,000 kw 75,000 kw 100,000 kw 
No. l..... 7.0 x 10-8 7.5 x 10-8 8.0 x 10-8 8.5 x 10-8 
No. 2 10.6 x 10- | 11.1 X 10-6 | 11.6 x 10-8 | 12.1 x 10-5 
No. 3 13.8 x 1079 | 14.3 x 10-6 | 14.8 X 10-8 | 15.3 x 10-8 


*NO. 1 represents the simplest type of station layout, while No. 3 
represents the most complex type. 
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ultimate capacity of 440,000 kw. when fully developed. 
It is assumed that an average load factor of 60 per cent 
will be maintained, and that the entire plant output will 
be delivered to a market 200 mi. away. 

The r. m.s. kilowatt per line for project (a) are 21,600. 
Referenceto Fig. 2 shows that for stranded-copper cable, 
this output requires a 110-kv. line. Since the load to be 
transmitted calls for 110 kw. almost exactly, no adjust- 


TABLE II 
VALUES OF CONSTANTS USED 


Stranded Aluminum 


Stranded Copper 


Item All-Aluminum Steel-Core Usual Strand Rope Core Hollow-Core 
C 1.15 1.23 1.15 1.35 1.35 
B 0.302 0.314 0.545 0.578 0.63 
A 0.004 0.004 0.004 0.004 0.004 
p 18.0 18.0 10.8 10.8 10.8 
b 35.7 X 10-5 40.5 x 10-6 35.7 X 10-5 48.9 X 10-5 48.9 X 10-8 
U 118.500 118,500 118,500 118,500 118,500 
kir’ As per type 2, Table I, depending upon load 
G 9,000 16,000 8,000 13,000 13,000 
Pi 12 12 10 10 10 
p3 12 12 12 12 , 12 
J/t 73.5 73.5 80.0 80.0 80.0 
F 16.200 13.900 31,000 17,500 19.500 
TABLE III ment as to conductor size need be made. By the equa- 


CORRECTION FACTORS FOR VALUES OF A 


Correction factor 


A for e and d, 
$0.001 0.79 
0.002 0.89 
0.003 0.95 
0.004 1.00 
0.005 1.04 
0.006 1.07 
0.007 1.10 


ordinary stranded cable, since it must include the extra 
cost of the core, et cetera. | 

The selling price per kw-hr. of energy at the low-ten- 
sion bus is assumed at $0.004 in all of the calculated 
results herein given. The values of voltage and con- 
ductor size corresponding to any other assumed values 
of A may be found, however, by multiplying the figures 
obtained from the curves by the factors of Table 3. 

Table 2 shows the values of the various constants 
which were used in calculating the data for the curves of 
Figs. 1, 2 and 3. 


CURVES OF MOST ECONOMICAL VOLTAGE 


The results of calculations based on the foregoing 
theory, and the constants of Tables I and II, are given 
in the curves of Figs. 1, 2 and 3. The curves for 
stranded all-aluminum cables differ only slightly from 
those for steel reinforced aluminum conductors and are 
therefore not given separately here. 

To illustrate the use of the curves, assume the follow- 
ing projects: 

(a A hydroelectric plant having an installed capac- 
ity of 80,000 kv-a., and delivering its output at 90 
per cent power factor and 60 per cent load factor over 
two similar lines each 100 mi. long. 

(b A proposed development having an estimated 


tion of Fig. 2, the cable area required is approximately 
17.9 x (110)? = 216,000 cir. mils. This corresponds 
very closely to No. 0000 cable, whose area is 212,000 
cir. mils. Accordingly, No. 0000 stranded copper cable 
would be entirely suitable. 

Upon investigating the possibilities of  steel-core 
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Fic. 1—Most EconomicaL VOLTAGES FOR STEEL-CORE 


ALUMINUM LINES 


aluminum cable, it is found that a load of nearly 22,000 
kw. requires 182 kv. as the nearest standard voltage. 
The corresponding cablearea is 15.8 x (132)? = 276,000 
cir. mil. The nearest standard cable has an area of 
266,800 cir. mils of aluminum. If 110 kv. were used 
with aluminum, in order to maintain approximately the 
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same losses, the next larger size of cable would probably 
be chosen; namely 336,400-cir. mils or No. 0000 copper 
equivalent. 

Of course the final choice of conductor and voltage 
would be made only after comparing total line costs for 
the two types of conductors and after giving due con- 
sideration to the matter of voltage standardization for 
the system as a whole, regulation, load limits, et 
cetera. 


Next, consider the ultimate development of project 
(b). The number of lines to be used will be determined 
to a large extent by consideration other than those 
of Kelvin’slaw. Yet, in general,—and in the interest of 
economy,—the number of lines should be kept low. 
The use of only two lines for such a huge block of power 
would probable not be proposed seriously by anyone. 
As a matter of fact, the curves show that for two lines 
only, the voltages required are in excess of 220 kv. for all 
conductors with the exception of stranded copper cable. 
We shall therefore consider the possibilities of three and 
four lines. Using the same value of load factor as 
before, the r.m.s. kilowatts of load per lineare 88,000 and 
66,000 for the three- and four-line cases respectively. 
From the curves it is apparent that both assumptions 
call for lines having voltages in excess of 154 kv. for all 
of the available types of conductors. Thus, in either 
case, the voltage selected would probably be 220 kv. 
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This voltage would virtually rule out stranded-copper 
conductor from consideration, since the curves of Fig. 2 
show that even for the three-line assumption, the 
economical voltage is only 180 kv. The 220-kv. 
stranded-copper line with conductors of sufficient size 
to prevent corona would probably have more carrying 
capacity than required, and would be uneconomical. 
The steel-core aluminum line fits conditions much 
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better. The three-line assumption would call for 220 
kv., requiring 15.8 x (220)? = 765,000 cir. mils of 
aluminum. The nearest standard cable is 795,000 
cir. mils, having an outside diameter of 1.093 in. 
The use of four lines would probably require the same 
voltage and the same size conductors, but would pro- 
vide additional line capacity. 

Hollow-core and hemp-core copper conductors re- 
quire 195 kv. and 175 kv. for the three- and four-line 
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Fic. 3—Most ECONOMICAL VOLTAGES FOR HorLow-ConrE AND 


Hemp-CorRE COPPER 


cases, respectively. In either case, a 220-kv. line would 
be demanded, utilizing conductors of approximately 
13 x (220)? = 630,000 cir mils. 

The above conclusions are based upon the assumption 
of energy loss valued at four mils per kw-hr. If two 
mils be used instead for project (b), the various econom- 
ical voltages already found would be lowered to 89 
per cent of the values given. The use of stranded 
copper cable and 154-kv. transmission would then come 
into consideration as a possible solution. 


PHOSPHORESCENT LIGHT 
ILLUMINATES NOVEL SIGN 


Under the above title in Signs of the Times for June, 
1928, is described a unique system of illumination for 
advertising displays which is being demonstrated and 
introduced into this country by a British firm, Luminad, 
Ltd., of London. The process is said to consist of 
preparing bills and other subjects with special coloring 
pigments or inks and subjecting these articles at night 
to a harmless form of invisible ultraviolet radiation. 
Under the action of the rays the inks and pigments 
employed become richly self-luminous and emit a 
brilliant phosphorescent light, causing the design on 
the bill face to stand out is stereoscopic effect. 


Abridgment of . 
Residual Air and Moisture in Impregnated Paper 
Insulation-ll 


BY J. B. WHITEHEAD,:, 


Fellow, A. I. E. E. 


INTRODUCTION 


N an earlier paper* has been described a series of 
studies of the influence of residual air and moisture 
in impregnated paper insulation, such as used in 

high-voltage cables. Briefly, the method used was to 
prepare samples in groups of three, to dry them in 
accordance with a standard program, to impregnate 
them at different values of absolute air pressure, and to 
study the resulting influence on the power-factor— 
voltage curves. "This gave information as to the in- 
fluence of residual air. Separate studies were made of 
the dielectric absorption and residual conductivity of 
the paper before and after impregnation for different 
states of initial dryness. "These studies, in conjunction 
with the resulting power-factor—voltage curves, gave 
information as to the influence of moisture. 

One of the conspicuous results of these studies was the 
relatively small importance of the air pressure at which 
impregnation took place on the resulting power-factor— 
voltage curves. Between 1 and 10 em. Hg., absolute 
pressure of evacuation, there was little or no change in 
the shape of these curves. Moreover, they were 
exceptionally good as compared with the curves of 
commercial cables, being perfectly flat up to 300 volts 
per mil working stress, and for temperatures up to 50 
deg. cent. It is only at impregnating pressures above 
25 cm. Hg. that the typical rising break in the power- 
factor—voltage curve begins to be evident. 

Another result of interest is the relatively small 
importance of a variation in the moisture content on 
the shape of the power-factor curve. Moisture content 
is a relative term, and the foregoing statement refers to 
variation as regards moisture in a condition which must 
be described as fairly dry. 


COMPARISON OF DRYING PROCESSES 


In view of these results it appeared desirable to study 
the relative importance of the different drying processes. 
The inspection of many factories in this country and 
abroad has shown an extremely wide variation in prac- 
tise in this regard. The extremes noted were a pre- 
liminary drying process at atmospheric pressure, 
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followed by six days under temperature and vacuum, 
on the one hand, and absence of all preliminary drying, 
immediate submersion in compound and twenty-four 
hours heating at reduced pressure on the other. It is 
obvious, therefore, that either some cables are much 
better than others, or that some manufacturers are 
wasting time and energy. The following studies were 
undertaken in the hopes of throwing some light on these 
questions. M 

In our studies of the relative importance of different 
periods of initial drying and impregnation, test samples 
were prepared in groups of three each, with final con- 
ductivities in the neighborhood of 30, 60, and 120 cm. 
galvanometer deflection respectively. The authors 
have considered each group of three samples as a unit, 
treating and drying them together so that the final 
average values of conductivity are close to the figures 
mentioned. Specimens having the above characteris- 
tics were subjected in turn to evacuation processes 
represented by 5, 2, 1, and 2 mm. Hg. absolute pressure. 
Throughout this program, the final conductivity at the 
end of twenty-four hours was in general taken as a 
basis of comparison. Three other groups were also 
included in this program of tests. No one of these 
received any preliminary drying and therefore all 
contained in the neighborhood of 8 per cent to 10 per 
cent of moisture. Two of these groups, Nos. 28 and 29, 
were placed immediately in the evacuating chamber and 
the pressure reduced to 2 mm. Hg. the temperature 
being held at 105 deg. cent. and the conductivities 
observed at the end of twelve and twenty-four hours 
respectively. The third group No. 36 was placed 
immediately in the impregnating chamber, without 
preliminary drying and the chamber immediately filled 
with compound. The pressure was reduced to 3 mm. 
Hg., the temperature adjusted to 105 deg. cent., and 
both maintained constant for twenty-four hours. 


CHANGE OF PowER FACTOR WITH TIME 


Those accustomed to measuring the power factor of 
eables and impregnated paper in general have fre- 
quently noted that the power factor changes with the 
time. For the most part, these reported changes are 
gradual, but in a few cases very rapid changes have been 
reported; as, for example, an absolute change of 40 
per cent within a few minutes. In our own experi- 
ments we have noted changes of a few per cent in ob- 
served values from day to day, but for the most part 
they have not been sufficiently great to require special 
study nor to affect the general conclusions we have 
drawn from our studies. The most serious changes of 
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this type we have noted are associated with poorly 
impregnated specimens at high temperatures. In 
these cases ascending and descending power-factor— 
voltage curves are separated and variations with time 


have been noted. The paper describes the experiments . 


performed and the results of further investigation in 
this direction. 

The detailed results of the work described in this 
abridgment may be found in the original paper. 
These studies were carried out in the School of Engi- 
neering, The Johns Hopkins University, at the request 
and with the support of the subcommittee on Im- 
pregnated Paper Insulated Cable Research, of the 
National Electric Light Association, D. W. Roper, 
Chairman. For the continued interest and hearty 
cooperation of the members of the Committee the 
authors extend their grateful acknowledgment. 


CONCLUSIONS 


Taken in conjunction with the earlier paper our 
present results would seem to indicate the following: 

1. For the drying of cable paper before impregna- 
tion, preliminary drying before vacuum treatment is 
unnecessary except, perhaps, as a convenient method 
of driving off a large part of the water always found in 
cable paper. 

2. Drying at reduced air pressure is very much more 
rapid for the same drying temperature than drying in 
the open. Ata drying temperature of 105 deg. cent. at 
atmospheric pressure, and in a steady draft of air, a 
steady condition of the paper as regards dryness is 
reached only after from two to three days. The same 
condition can be reached if dried at 105 deg. cent in a 
vacuum of from 2 to 5 mm. Hg. absolute pressure, in 
from 12 to 24 hours. It 1s not possible, however, to 
reach this same condition of dryness over any length of 
time if the evacuation pressures are above 5 mm. Hg. 
It is probable that a continuous replacement of water 
vapor by dry air in the vacuum chamber would alter 
this conclusion; however, when drying at atmospheric 
pressure the great value of the draft of air is evident. 
Higher values of the temperature result in further 
improvement as regards dryness and conductivity. 

3. Initially undried and unevacuated paper placed 
immediately in the impregnating chamber and then 
subjected to heating to 105 deg. cent.and evacuation 
pressure of 3 mm. Hg. for 24 hours, results in an in- 
sulation having remarkably good properties. 
peratures up to 40 or 50 deg. the power-factor —volt- 
age curves are flat and of value of the same order of 
magnitude as those pertaining to specimens that are 
far more carefully dried. In the upper range of tem- 
peratures the power-factor curves have abnormal 
shapes, although they do not show values unduly high. 

4. For thoroughly dried paper impregnated at 105 
deg. cent. and pressures of 2 mm., 5 cm., and 30 cm., 
there are no sharp changes in power factor following 
abrupt changes of voltage. 

5. Prolonged runs under voltage cause no appre- 
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ciable changes in the properties of thoroughly dried 
and impregnated insulation (dried at 2 mm. Hg. and 
impregnated up to 15 em. Hg.). For insulation im- 
pregnated at higher pressures there is a pronounced 
improvement as a result of the continued application 
of voltage. We attribute this to the slow consumption 
of the entrained air in ionization and its combination 
with the compound, with resulting decrease in ioniza- 
tion losses. 

6. The improvement in power factor noted in the 
foregoing paragraph is accompanied by a noticeable 
drying or stiffening of the paper. We attribute this to 
the production of solid decomposition products of the 
oil, and thus have the suggestion that the generation of 
X-wax, or similar product, is associated with a decrease 
in power factor. Whether this would continue through 
long periods is a question for further study. 

7. Poorly impregnated cable insulation may show 
excellent power-factor curves indicating low ionization 
for temperatures up to 40 or 50 deg. cent. and yet not 
have permanent characteristics. Examples are group 
36, impregnated without preliminary drying and show- 
ing the curves of Fig. 3, and the several curves 
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Fig. 3—Power FAcToR—VorTAGE CURVES 


Specimens 36A, 36B, 36C. Conductor diameter = 1.0 in. 
tion =0.10in. wall. No preliminary drying 


Insula- 


around 40 deg. of group 37. In such cases, a tempera- 
ture cycle may result in a marked change of character- 
istics. At higher temperatures there are often marked 
differences from the characteristics of insulation which 
is thoroughly dried and impregnated. 

8. A general survey of these and foregoing studies 
indicates the relative unimportance of air pressure of 
impregnation within a fairly wide range say up to 15 
cm., and even up to 30 cm., if the paper is vacuum 
dried. Excellent power-factor— voltage curves may be 
found throughout this range. We conclude therefore 
that the sharply rising curves and rapid changes in 
power factor, often noticed in commercial cables are 
due to relatively large and extended areas of entrapped 
alr or gases, resulting either from imperfect impregna- 
tion, distortion in handling, or temperature expansion 
of lead sheath. 
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Rocky River Hydroelectric Development 


Of The Connecticut Light and Power Company 
BY E. J. AMBERG: 


Associate, A. I. E. E. 


Synopsis.—T his paper describes the Rocky River hydroelectric 
development of The Connecticut Light and Power Company, near 
New Milford, Connecticut, which is a storage development for 
regulating the Housatonic River below New Milford. 

There are no sites on the main river suitable for a large storage 
reservoir. It was therefore necessary to select a site on a tributary, 
the Rocky River. The run-off from the natural drainage area of the 


HE Rocky River hydroelectric development of 
The Connecticut Light and Power Company has 
created considerable interest among technical 

as well as non-technical men as a project for regulating 
the flow of the Housatonic River below New Milford, 
Connecticut. Briefly, the development consists of a 
storage reservoir created on Rocky River, a tributary 
of the Housatonic, with a power and pumping plant 
on the Housatonic River, the power and pumping plant 
being connected by a single penstock with the reservoir. 


The Rocky River basin is located north of Danbury 
and west of the Housatonic River, and the site of the 
development is approximately 114 mi. by state highway 
from the nearest railroad station at New Milford. The 
basin has a drainage area of approximately 40 sq. mi., 
eight and one-third of which are covered by the storage 
lake. The Rocky River flows through marshy flats 
which form the bottom of the reservoir, to a point 214 
mi. from the junction of the Rocky River with the 
Housatonic, wherein Rocky River falls about 200 ft. 
over a rocky bed. The shores of the reservoir are for 
the most part steep and rocky, rising to elevations of 
from 500 to 1000 ft. 


The unusual feature of this development lies in the 
fact that the drainage area of the reservoir basin will 
supply only about 1.5 billion cu. ft. of water in an 
average year, while the useful capacity of the reservoir 
is 5.9 billion cu. ft. All water above the natural run- 
off required to fill the reservoir must be pumped from 
the Housatonic River against a head varying from 200 
to 230 ft. While considerable excess hydro energy will 
be available for pumping, the studies and investigations 
for this development are all based on using secondary 
steam energy for pumping, to be generated at the 
Devon steam station of The Connecticut Light and 
Power Company and transmitted to Rocky River. 

The Rocky River reservoir may be likened to a large 


1. Research Engineer, The Connecticut Light and Power 
Company, Waterbury, Conn. 

Presented at the Northeastern District No. 1 Meeting of the 
A. I. E. E., New Haven, Conn., May 9-12, 1928. Complete copies 
upon request. 


reservoir basin furnishes only a part of the water required to fill the 
reservoir, making it necessary to pump the balance from the Housa- 
tonic River against a maximum head of 240 ft. This is the first 
large application of pumped storage in the United States, which 
accounts for the general interest shown in the Rocky River 


development. 
* k k k X 


storage battery. Charging the battery is accomplished 
by two 8100-hp. centrifugal pumps delivering water to 
the reservoir. The battery is discharged by means of 
the 30,000-kv-a. generating unit delivering primary 
hydro energy. The efficiency of this storage battery 
for changing secondary steam energy into primary 
hydro energy is 61 per cent; this includes all losses from 
the 66,000-volt bus at the Devon Steam Station through 
the pumping units into the reservoir and back through 
the generating unit to the 66,000-volt Rocky River bus. 
In other words, for every 100 kw-hr. supplied by the 
Devon Steam Stationin filling thereservoir, 61 kw-hr. are 
delivered by the Rocky River generating unit when the 
water is drawn out again. We must not, however, 
overlook the fact that below the Rocky River plant 
there is an additional total average head of 191 ft. 
available, of which 71 ft. is efficiently developed at 
Stevenson. If the head at Stevenson is added, then 
for every 100 kw-hr. of steam energy, 79 kw-hr. of 
hydro energy are returned. If the total head from 
Rocky River to tide-water is added, 111 kw-hr. of hydro 
energy could be obtained from every 100 kw-hr. of 
steam energy used in pumping. 

Before going into a more detailed description of the 
Rocky River project, it is desirable to review briefly 
two factors which are essential to understand the basis 
upon which Rocky River has been developed. These 
two factors are: the hydrology of the Housatonic 
River, and the general character of the system load 
curves of The Connecticut Light and Power Company. 

It is generally known that the rivers in the eastern 
part of the country have a very irregular flow, unless 
some natural or artificial means exists for regulation. 
The Housatonic River, with which we are concerned, 
had no means of regulation; the stream flow shows very 
wide variations, as can be seen from Fig. 3, showing 
hydrographs and duration flow curves for a typical wet, 
average, and dry year. From the hydrographs it is 
quite evident that the only period of the year when any 
reliance can be placed on the river flow is in the Spring- 
time. The rest of the year the flow is quite irregular. 
While frequently a somewhat larger flow may be ex- 


567 


28-69 


568 


pected in the Fall, there is no certainty of it, as shown 
for the dry year, where the low water condition con- 
tinued right to the end of the year. With the river 
plants at Stevenson and Bulls Bridge operated in con- 
junction with the Rocky River storage plant the 24-hr. 
firm power of the hydro system is 11,000 kw. Fig. 4 
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Showing hydrographs and superimposed flow duration curves for a low 
water year, a high water year, and an average water year 


shows the unregulated power duration curves for a 
typical dry, wet, and average year, limited by the in- 
stalled capacities of the Stevenson and Bulls Bridge 
stations which together total 26,000 kw. The regu- 
lated 24-hr. firm power of 11,000 kw. obtained by the 
addition of Rocky River is also shown. The respective 
areas between the 11,000-kw. regulated firm power and 
the power duration curves represent the energy which 
has to be furnished from storage. The amount required 
in each year varies considerably, being 9,500,000 kw-hr. 
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in the wet year and 39,900,000 kw-hr. in the dry year. 
Of these amounts, 78 per cent is produced by the Rocky 
River station and the balance at Stevenson, generated 
from the water released from Rocky River station. 

By applying the 24-hr. firm power of 11,000 kw. to 
the upper half of the load curve, as shown in Fig. 5, 
curve 1, the total installed hydro capacity of 50,000 
kw. can be used as firm capacity. Before regulation 
by Rocky River, the combined firm capacity of the 
Stevenson and Bulls Bridge stations was only 10,000 
kw., although the installed capacity was 26,000 kw. 
Therefore, by installing a 24,000-kw. generating unit 
in the Rocky River station and by regulating the river 
the firm hydro capacity has been increased by 
40,000 kw. 

To obtain maximum benefit from such a storage 
development it is necessary to apply it to that part of 
the load requiring the smallest number of kilowatt 
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Fig. 4—Power Duration CURVES FOR THE COMBINED 

OvrPuT or Butts BRIDGE AND STEVENSON STATIONS WITHOUT 

REGULATION BY Rocky RIVER DEVELOPMENT 

Typical low water year 1914.................... 


Typical high water year 1916.................... 
Typical average water year 1921................. 


Drainage Net head Kw.per cu. Installed 

area inft. ft. per sec. capacity 
Bulls Bridge........ 782 sq. mi. 104 6.27 7,200 kw. 
Stevenson.......... 1510sq. mi. 71 4.40 18,750 kw. 


26,000 kw. approx. 


Rocky River........ 35 sq. mi. 214.2 av. 
Power— 15.55 
Pumping 25.35 


Regulation by Rocky River development to produce 11.000 kw. firm 
24-hr. capacity, expressed in kw-hr. 


Low water year High water year Av. water year 


Rocky River output 31,100,000 kw-hr. 7,400,000 kw-hr. 17,400,000 k w-hr. 
lStevenson output 8,800,000 kw-hr. 2,100,000 kw-hr. 4,900,000 kw-hr. 


Total output...... 39,900,000 kw-hr. 9,500,000 kw-hr. 22,300,000 k w-hr. 
1. Generated at Stevenson on water discharged from Rocky River 


hours. This brings us to the second factor, the load 
curves. 

When plotting system loads in the form of an annual 
duration load curve we will find that there is a decided 
peak. The reasons for this pronounced peak on the 
duration load curves vary; in metropolitan districts 
the short-time lighting peaks are largely responsible; 
on systems like The Connecticut Light and Power 
Company, where there are no short-time peaks of any 
extent, the seasonable changes in load are responsible. 
In the latter case, what appears as a very short-time 
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peak on the duration load curve is the result of the 9-hr. 
day loads of the maximum days. 

It can readily be seen that a different method of 
applying the hydro power is necessary in the two cases 
of peak load. In the first case of the metropolitan 
area, a weekly, possibly even daily, storage capacity will 
take care of the individual peaks, permitting the utiliza- 
tion of the river for actual demand without any seasonal 
storage. 
ditions on a system like that of The Connecticut Light 
and Power Company, seasonal storage in addition to 
weekly pondage is required. This seasonal storage is 
being provided in our case by the construction of the 
Rocky River storage reservoir. 


Fig. 5 shows two annual duration load curves; curve 1 
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Fic. 5—Loap DURATION CURVES 
Curve No. 1 Curve No. 2 


| wed. Dom 100,000 150,000 
Load TACOS cle Eee NEED AC ER 47.3% 47.3% 
Hydro Wc oh te eh eel Ate cee? UA 50,000 65,000 
Increase. .......... ax cs oO SR NE ERR 15,000 
Hydro load factor.......................... 17.2% 


13.2% 
Hydro area A, = hydro area A; : 


represents the present approximate combined load of 
The Connecticut Light and Power Company and 
associated companies, while curve 2 shows the expected 
combined load for the year 1931. The upper half of 
load curve 1 and load curve 2, for that matter, contains 
only 18.2 per cent of the total kw-hr.; the load factor 
of this part of the load is 17.2 per cent. The advantage 
of applying the hydro generating capacity to the peak 
of the load and the steam generating capacity to the 
base of the load is quite evident from a study of this 
load curve. Assuming that the total load has increased 
50 per cent as indicated by curve 2 on Fig. 5, the same 
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On the other hand, to take care of peak con- 
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number of hydro kilowatt-hours represented by area 
A 2 would permit a firm hydro capacity of 65,000 kw. as 
against 50,000 kw. firm capacity of curve 1; or 15,000 
kw. firm capacity could be installed without increasing 
the storage facilities. Additional capacity can often be 
installed at a low cost per kilowatt in existing plants, 
thus lowering the average unit cost per kilowatt of 
hydro capacity. 

Aside from the features discussed above, hydro plants 
have another great advantage in that they provide 
standby capacity which can be made available in a 
fraction of the time required at a steam station, because 
to get up steam and warm up a turbine requires time 
unless boilers are kept in service and excess turbine 
capacity is kept on the line to take care of sudden load 
demands. 

With the means of regulating the stream flow below 
Rocky River it will be possible to develop the full head 
on this section of the river, which will then produce a 
total 24-hr. firm power of approximately 23,000 kw. 

With an assumed load factor of 23 per cent it will be 
possible to increase the total installed hydro capacity to 
100,000 kw. by developing the full head of the river 
between tide-water and Rocky River. 


DESCRIPTION OF THE ROCKY RIVER DEVELOPMENT 


Reservoir and Dams. The storage reservoir or lake 
is about 10 mi. long and 134 mi. across at the widest 
part. It has a surface area of 814 sq. mi. and a shore 
line of approximately 60 mi. The creation of a lake 
of this size made it necessary to abandon and relocate 
highways and homes. Approximately 31 mi. of high- 
way were abandoned and 914 mi. of new and relocated 
highways were built. Six cemeteries were relocated. 
Outside of several summer colonies located around the 
four ponds included in the basin, only 35 families with 
permanent residences were affected by the construction 
of this reservoir, which is an unusually small number 
considering the area covered. The bottom of the 
reservoir was for the most part swampy ground, and 
4500 acres were covered with woods. 


The main dam is located across Rocky River at a 
point about one mile above its junction with the Housa- 
tonic River. It is an earth filled dam with a core wall. 
The lower part of this core wall consists of a two-foot 
concrete section. On top of this concrete section was 
placed a six-inch Wakefield core wall (timber). Fig. 6, 
showing a cross-section and plan of the dam, gives a 
better idea of its construction than a lengthy, detailed 
description. 

To take care of some low points in the rim of the 
basin five smaller dams were necessary. Two of the 
dams are near Danbury. Both are earth dams of the 
same general design as the main dam. The other 
three dams are located near Lanesville. The north and 
south Lanesville dams are constructed of concrete. 
The so-called Lanesville Gap was closed by an earth 
dam similar in design to the main dam. Seamy rock 
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at the west end of this dam presented considerable 
difficulties in obtaining a tight job. 

The crest of the main dam and the Danbury dikes is 
at elevation 442 ft., or 12 ft. above the present normal 
maximum reservoir level at elevation 430 ft. 

The crest of the dike at the Lanesville Gap is at 
elevation 440 ft., or 2 ft. lower than the crest of the 
main dam. This dike is located in a cove which prac- 
tically eliminates all wave action, which accounts for 
the 2 ft. lower crest. 

The present crest of the concrete section of the South 
Lanesville dam is at elevation 432 ft. and of the North 
Lanesville dam at elevation 431 ft. Each of these 
concrete dams is so designed that the concrete sec- 
tions can later be raised four feet at a nominal cost. 
This construction would be done in order to raise the 
level in the reservoir from 430 ft. to 485 ft., which 
would add approximately one billion cubic feet to the 
reservoir. 


Intake. The canal leading from the reservoir to 


Fig. 6—PLAN AND Cross-SECTION OF THE Main EaAnTH Dam 


the intake was excavated for about 3300 ft. along 
the east bank of the valley. Terminating the dike 
in the side hill permitted the construction of a circular 
intake tower in the canal with only a short length of 
concrete conduit extending through the dike. A self- 
closing sliding Broome gate is located at the entrance 
to the concrete conduit in the tower and operated by 
electric hoist. 

Penstock. The concrete conduit, having an inside 
diameter of 16 ft., extends only a short distance from the 
intake tower to the wood stave pipe line. This wood 
pipe line has an inside diameter of 15 ft. and extends 
for approximately 1007 ft. along the hillside. The 
wood pipe line joins a steel penstock Y-connection; 
one of the two branches is blanked off ready for a 
second penstock for the future unit, while the other 
extends a short distance to a Johnson differential surge 
tank. From the surge tank the penstock drops down 
the hillside to the power house. The inside diameter 
varies from 13 ft. to 11 ft. just outside the power house, 
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where there is another Y-connection, one branch for the 
generating unit and the other for the two pumping units. 
Each branch has a Venturi section for measurement of 
flows. Fig. 7 shows the general layout of the penstock. 

Power Station Building. The foundation rests on 
bedrock which was so close to the elevation desired that 
little rock had to be taken out or extra concrete put in. 
The south end of the building, referred to as the switch 


. bay, is supported on reinforced concrete columns. 


The power house superstructure is of structural 


Fic. 7—PLAN AND PROFILE OF THE PIPE LINE AND PENsTOCK 


steel framework and brick. Precast gypsum slabs pro- 
vide the foundation for an asphalt built-up roof. All 
exterior trim of the building is of precast cement blocks. 

There are four floors in the switch bay with a control 
cable terminal room below the first floor. The first 
floor is the control room with the switchboard. The 
second floor contains the 13,200-volt pump motor bus 
and switching, and the third ard fourth floors are used 
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Fic. S—SINGLE-LINE Wiring DiaGRAM OF Rocky RIVER PLANT 


for the 4600-volt distribution bus and storage battery 
room. 

Hydraulic Equipment. The hydraulic equipment 
of the power station consists of one 33,300-hp. vertical 
shaft turbine and two 8100-hp. vertical shaft centrifu- 
gal pumps. A noteworthy feature of the turbine is the 
cylinder gate which replaces the more conventional 
Butterfly or Johnson valves for directly shutting off the 
flow of water to the turbine. 

The centrifugal pumps, so far as the author knows, are 
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the largest in the United States. The pump specifica- 
tions called for a rating of 112,500 gal. per min. (250 
cu. ft. per sec.) delivered against a maximum head of 
240 ft. In the discharge line of each pump is a hydrau- 
lic-cylinder-operated Dow pivot valve. 

Electrical Equipment. The generator is of the stand- 
ard vertical water-wheel type with shaft and exciter. 
It is rated at 30,000 kv-a., 80 per cent power factor, 
13,900 volts, three-phase, 60-cycle, 200-rev. per min., with 
direct-connected exciter rated at 154 kw., 250 volts, 
compound wound with interpoles. The pump prime 
movers are vertical synchronous motors rated at 7900 
kv-a., 80 per cent leading power factor, 13,200 volts 
(with voltage range of 5 per cent above or below) 
3-phase, 60 cycle, 327 rev. per min. Pump motor and 
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spare excitation are furnished by two motor-generator 
sets each consisting of a 150-kw., 1200-rev. per min., 
250-volt, compound-wound d-c. generator with inter- 
poles direct-connected to a 225-hp., 220-volt, three- 
phase 60-cycle, squirrel-cage induction motor. 

Station and Substation Equipment. Under this head- 
ing there are five distinct groups: 

a. 4600-volt indoor local distribution bus 

b. 33,000-volt outdoor tie-in bus for Bulls Bridg 
station | 

c. 66,000-volt outdoor main station bus 

d. 13,900-volt indoor bus for pumps 

e. Station service busses. 
À single-line wiring diagram, Fig. 8, shows the general 
arrangements. 


The High-Speed Circuit Breaker in Service 


on the Illinois Central Railroad 


BY W. P. MONROE! 


Member, A. I. E. E. 


Synopsis.—T he purpose of this paper is lo describe briefly the 
distribution system of the Illinois Central Suburban Electrification 
and to state considerations influencing the selection of high-speed 
circuit breakers for d-c. feeder and machine protection. The 


HE first large installation of high-voltage d-c. 

high-speed circuit breakers for railway service 

was placed in operation on the Chicago suburban 
electrification of the Illinois Central Railroad, in July, 
1926. The reasons for the adoption of these circuit 
breakers for this electrification, and the results thus far 
obtained with them, may be of interest to those who are 
contemplating similar applications. With this idea 
in mind, the distribution system in general will first 
be described with special regard to those features 
influencing the selection of the high-speed breakers. 
A description of the installation and tests will then 
be given, and finally, the operating experience of 
twenty months service will be discussed. 


DESIGN FEATURES OF DISTRIBUTION SYSTEM? 


The distribution system of this 1500-volt d-c. sub- 
urban electrification was designed to deliver current to 
the trains with the necessary voltage regulation, with 
economy in the use of copper, and with the utmost 
reliability. A simple system resulted consisting of 
seven substations conveniently spaced and feeding 


1. Assistant Engineer, Illinois Central Railroad. 

2. Power Supervisor, Illinois Central Railroad. 

3. Fora detailed description of the I. C. R. R. distribution 
system and other phases of this eleetrifieation, see series of 
articles in General Electric Review, April, 1927. 
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knowledge gained by nearly two years’ operating experience with 
this system, which contains 98 high-speed circuit breakers, and the 


conclusions reached, are also presented. 
* k * ko x 


directly a catenary system without additional feeders 
paralleling the tracks. A satisfactory efficiency of 
distribution was obtained by the use of tie stations to 
connect the catenaries of all tracks together at various 
points, thus dividing the current among the catenaries 
over all tracks and utilizing the total copper to the 
best advantage. 


The absence of feeders, other than the catenaries 
themselves and the substation connections thereto, 
is a factor in obtaining simplicity and in apply- 
ing high-speed circuit breakers. It happened that 
the mechanical design of the catenary was very well 
suited to the conductivity requirements, this feature 
being partly due to the use of tie stations and partly 
due to the fairly close spacing of the substations. 

The tie stations, besides increasing the distribution 
efficiency, divide the catenary system into short sec- 
tions, each fed through its own circuit breakers. Be- 
cause of the large number of sections and sectionalizing 
points of this design, remote control of the circuit 
breakers is necessary. The Illinois Central system 
makes use of supervisory control by which the power 
supervisor, from his desk, can open or close any circuit 
breaker on the system and receive indications of the 
opened or closed positions of these breakers at any time. 

A simplified schematic diagram of the distribution 
system in the district having the heaviest traffic is 
shown in Fig. 1. It is of that portion of the system 
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extending from the north terminus at Randolph Street 
to Brookdale Substation, 8.3 miles south. On every 
week-day over 560 electric trains pass through this 
district, the trains ranging from two to eight cars in 
length, the average car weighing 63 tons. The load 
factor, or ratio of average hour to maximum hour over 
24 hr., is approximately 40 per cent for a typical week- 
day load. : 

The complete distribution system on a smaller scale 
is shown in Fig. 2. 
CONSIDERATIONS LEADING TO THE SELECTION OF 

HIGH-SPEED BREAKERS FOR THE SERVICE 


The reliability of the distribution system depends 
upon adequate protection from short circuits, over- 
loads, and other electrical disturbances. Its avail- 
ability, or freedom from service interruptions, depends 
upon the quick isolation from the rest of the system of a 
section directly affected by the fault without interfering 
with service on the neighboring sections. 

An inspection of Fig. 1 shows that in the Illinois 
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Central distribution system most of the sections of 
track are fed directly or indirectly through a large 
number of circuit breakers; and that if a short circuit 
occurs in one section, a number of other sections may be 
affected unless only the breakers feeding directly into 
the short circuited section open and isolate it. The 
circuit breakers, therefore, should have a high degree of 
selectivity in their operation. 

They should also act at sufficiently high-speed to 
avoid serious burning of the catenary or train 
equipment. 

They should be adapted to remote control since many 
of them will be in unattended stations and all must be 
under direct control of the power supervisor’s office. 

Their reliability should be such that they will not 
require very frequent maintenance attention. 

The Commonwealth Edison Company of Chicago 
and affiliated Public Service Company of Northern 
Illinois own and operate the substations feeding the 
Illinois Centra] distribution system, and also own and 
maintain the feeder circuit breakers in the substations. 
The operation of these breakers, however, is of great 
importance to the railroad because they form a part of 
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the distribution system and must act in conjunction 
with the tie station breakers. The Edison Company 
and railroad engineers, therefore, worked together in 
selecting the type of circuit breaker and protection 
scheme used in the substations. 

A study of the merits of all proposed 1500-volt d-c. 
circuit breakers, including extensive factory tests, 
resulted in the selection of the General Electric type 
J R high-speed circuit breaker for the service, and this 
type is used in all section feeders at all substations and 
tie stations (Fig.3.) They are also used in both positive 
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ILLINOIS CENTRAL RAILROAD 


and negative leads of the synchronous converters in sub- 
stations. The detailed theory of action of this breaker 
has been previously described before the Institute.‘ 


INSTALLATION AND INAUGURATION OF SERVICE 


The most modern type of construction was used in the 
installation of the circuit breakers in both substations 
and tie stations. Each high-speed breaker is mounted 
on its own truck with control panel, and spare trucks 
with breakers are available so that repairing is made 

4. The High-Speed Circuit Breaker in Railway Feeder Net- 


works, by J. W. MeNairy, Trans. A. I. E. E., Vol. XLV, 1926, 
p. 962. 
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easy by the removal of the bad order circuit breaker 
and truck to be repaired and replacing it with a spare 
truck containing a spare circuit breaker. The circuit 
breaker trucks can be interchanged readily in the tie 
stations and in the substations, but an attempt is made 
always to keep each breaker in the same feeder. Al- 
though most of the parts are interchangeable, a com- 
plete tie station breaker cannot be interchanged with a 
substation breaker, because the holding coil of the tie 
station breaker is energized from 1500 volts while 
that of the substation breaker is energized from the 
substation 125-volt d-c. supply. 

Automatic reclosing features are a part of the 
control of the tie station breakers, but the closing 
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of substation feeder breakers is governed entirely by 
supervisory control. Both tie stations and substations 
are equipped with transfer buses so that in emergencies 
two or more sections can be fed through the same circuit 
breaker. 


The calibration of the feeder circuit breakers was made 
at the factory. The settingsofthetripping points, how- 
ever, were precalculated by the railroad company's engi- 
neers, and the breakers were set accordingly during the 
installation. In order to make sure that the predeter- 
mined settings were right, a number of short circuit tests 
was made at the completion of the installation and when 
power was available at the d-c. buses of the substations. 
A test car was equipped so that short circuits could be 
applied at any point, and an oscillograph was installed 
in the ear to record the short-circuit currents and time 
characteristics of the circuit breakers. 
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The first tests were made at the Homewood tie 
station, in an outlying district, where short circuits 
were applied to the catenary at a point very close to 
the tie station. It was found that the selectivity of 
the circuit breakers in isolating the fault was very 
satisfactory. Tests were also made at 11th Street tie 
station, one of the largest tie stations in the system, 
and in this case also the selectivity was satisfactory with 
the predetermined settings, but some minor adjust- 
ments were found to be necessary. Similar tests were 
made at the other tie stations and substations. In 
this way the system was ''tuned up" for safe and correct 
operation of circuit breakers. In only a few cases was 
it deemed advisable to change the predetermined cir- 
cuit breaker settings. 

In the two-track district between Front Avenue and 
Harvey substations, there is no tie station, (see Fig. 2). 
It was found that the rate of current rise at one of the 
Front Avenue substation feeder breakers was not 
sufficient toopenit when a short circuit was applied near 
the Harvey substation, although the Harvey substation 
end cleared satisfactorily. The short-circuit current in 
this case is limited to a maximum value of approxi- 
mately 3500 amperes by the resistance of the line. 
The predetermined setting of the Front Avenue break- 
ers was 4000 amperes, but it had to be reduced to 3500 
amperes to insure protection. Since the breakers feed- 
ing the district south from Brookdale substation to 
Front Avenue substation, and those feeding north from 
Harvey substation to Front Avenue have the same feed- 
ing distance without tie stations, their settings werealso 
lowered to 3500 amperes. Later, the manufacturers 
altered the design of the inductive shunt for these 
breakers, changing both resistance and inductance, so 
that the settings could be raised to 4000 amperes with 
ample protection. These circuit breakers with low 
settings are now all equipped with the new shunts and 
the settings readjusted to 4000 amperes accordingly. 
Since the accelerating current of a ten-car multiple 
unit train approaches 4000 amperes the setting at 4000 
amperes (for straight overload) seems to be low to pre- 
vent circuit breaker openings from the useful load. 
Actually, the breakers are sometimes opened by the 
load, and as traffic increases, the openings will increase. 
It has always been the intention of the railroad to build 
a tie station in each of these districts when the traffic so 
demands. 

These preliminary tests on the distribution system 
have proved the advisability, if not the necessity, of 
thoroughly trying out a distribution system of this 
kind before regular service is started. As a further 
precaution, when the I. C. R. R. electric suburban 
service was fully inaugurated in August, 1926, emer- 
gency operators were stationed in the most important 
tie stations during the rush hours to take care of any 
failure or faulty operation of the circuit breakers. 
The necessity for this latter precaution was not proved, 
however, since no serious troubles developed. 
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RESULTS OF TWENTY MONTHS OPERATING EXPERIENCE 


Since August 1926, the high-speed breakers have been 
in continuous service handling the dense traffic of the 
Illinois Central electrified suburban lines. During this 
period, there has been opportunity to observe their 
performance under varying conditions, and there are 
presented herewith brief comments on certain features 
of the actual operation in service of these high-speed 
breakers. 


ADVANTAGES 


The inductive shunt principle and directional charac- 
teristics of the high-speed circuit breakers make auto- 
matic isolation of trouble by selective operation simple 
and almost 100 per cent. 

The high-speed operation reduces to a minimum the 
damage to train equipment and overhead. In fact, the 
burning is so slight that in most cases it is difficult to 
locate by inspection a traction motor which has flashed 
over. In no case has the damage by a single flashover 
been sufficient to necessitate taking a motor out of 
service. 

With a lapping section insulator, such as is used on the 
Illinois Central, more or less burning is caused by a 
pantograph moving over a section insulator, one side 
of which is alive and the other side temporarily 
grounded by a short circuit or for some other reason. 
High-speed circuit breakers reduce thís burning to a 
minimum. A recent communication from the Vic- 
torian Railways of Melbourne, Australia, which is in 
the process of changing to high-speed circuit breakers 
on their 1500-volt d-c. electrification, states that trouble 
from this cause has been considerably reduced thereby. 
Their report bears out the experience of the Illinois 
Central. 

Care of the high-speed circuit breaker contracts has 
been found to be almost unnecessary, due to the secure 
manner in which they are held together magnetically, 
instead of relying on a spring and lateh arrangement. 

In the early stages of electric operation, there was a 
very large number of automatic cireuit breaker open- 
ings for which there was no visible cause. Many of 
these were due to overhead or train equipment troubles 
which occurred periodically and the small amount of 
burning made it impossible to locate the fault by ordi- 
nary inspection. Others were known to be due to 
motor flashovers caused by wheels slipping on wet 
rails; this is now avoided by proper handling of the 
trains by motormen. 


To trace recurring troubles, a systematic record of 
automatic circuit breaker openings is kept. For each 
automatic opening a notation is made in this record of 
the train in the trolley section, the numbers of the 
motor cars in the train, location of the train, and the 
name of the motorman. The following results were and 
are obtained from the study of periodic summaries of 
this information: 

1. Motor flashovers due to slipping of wheels 
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was confined to a few motormen. These motormen 
were given special instructions and motor flashovers 
from this cause have been reduced from about thirty 
per month to about three per month, and the damage is 
almost negligible. 


2. Ifan unusual number of circuit breaker openings 
is found to occur at times when trains are passing a 
certain point, a thorough inspection of the overhead is 
made, which usually results in the discovery of a 
catenary defect at the location. 


3. Car equipment trouble is shown by an excess of 
circuit breaker openings marked against a particular car 
and this ear is taken in for inspection. These in- 
spections invariably verify the evidence shown by the 
automatic opening report. 


It is believed the tracing of these faults before serious 
damage results is made possible by the high speed 
characteristics of the circuit breakers. 


DISADVANTAGES 


There is theoretically an inherent defect in the high- 
speed breaker characteristics as applied in this service 
with a short circuit occurring at the time of heavy 
traction load. When the circuit breaker is carrying 
heavy current in the right direction for its operation 
and a short circuit occurs on an adjacent section not 
directly fed by the breaker, there is a possibility of the 
breaker opening automatically and incorrectly from the 
selectivity standpoint. This incorrect operation is 
due to the load current superimposed on the short- 
circuit current, the effect being to lower the critical rate 
of current increase which will open the breaker on 
short circuit. Actually there have been very few 
incorrect automatic openings of circuit breakers which 
have been traced to this cause. 

The setting of high-speed circuit breakers on the 
Illinois Central is accomplished by turning a one-inch 
iron screw in or out of the holding coil core, thus varying 
the reluctance of the holding coil magnetic circuit. A 
marked brass calibrating plate serves as a scale. Such a 
method of setting is not very accurate considering that 
highly selective operation is expected. Also, a circuit 
breaker truck must be removed from the circuit in 
order to change the setting. 


The breaker setting is changed somewhat by the 
wearing of the main contacts, and periodic calibrating 
wil probably be necessary. Such calibration. would 
require artificial loading which would be cumbersome 
with 5000- or 6000-ampere settings. However, this will 
be an infrequent procedure. 

Although its advisability may be questioned, it is a 
practise of most operating companies to relieve traffic 
congestions by holding carbon circuit breakers closed 
for a short time. The high-speed circuit breaker does 
not permit this practise and three cases of breakers 
opening on legitimate load on the Illinois Central have 
resulted in serious delays. 
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It is sometimes desirable to burn clear a minor short 
circuit. This is almost impossible due to the high-speed 
operation. In one case, a No. 12 A. W. G. meter lead 
grounded to the meter frame and could not be burned 
clear. This occurred on a test train previous to regular 
operation, but could have caused serious delays had it 
occurred in regular service, since it was difficult to 
locate. 

The injurious effects of the high-voltage surges in- 
duced by the high-speed operation have sometimes been 
cited as a disadvantage of the device. These surges 
amount to approximately double the line voltage and 
are greater than the surges due to openings of carbon 
circuit breakers. There has been no direct evidence of 
damage caused by these surges on the Illinois Central. 


A number of minor changes in design of the high- 
speed breakers has been effected since the original 
installation. These alterations were made by the 
manufacturers to correct faults which developed under 
operating conditions. As an example, considerable 
trouble was experienced by the breakers pumping, due 
apparently to bouncing of the armature against the 
core. This pumping often resulted in the reset coil 
burning out. A change in design of the reset coil core 
has corrected this defect. 


The reset coils of the present high-speed breakers 
seem to be designed with only a narrow margin of safety 
as regards operating temperature, since they will reach 
dangerous temperatures if operated at too frequent 
intervals. A more liberal design of coil would correct 
this disadvantage. 


Two serious substation bus short circuits were ex- 
perienced, which may have been due to insufficient 
clearance of the sheet metal enclosure of the breaker 
mechanism. The circuit breakers are now being 
mounted on an ebony asbestos base, instead of metal, 
and no further trouble is expected. It is understood 
the manufacturer is incorporating this change of design 
in all new high-speed circuit breakers. 


. It was necessary to raise the overload setting and to 
remove all but 3¢ in. of the iron on the inductive shunt 
of the positive machine breaker in the substations, 
which was set for a low value of reverse current. A 
sudden interruption of current in the normal direction 
(such as opening of a feeder breaker) causes a reverse 
flow of current in the bucking bar due to the collapse 
of magnetic flux in the inductive shunt, the effect being 
to open the breaker unnecessarily. The changes in the 
setting and inductance of the shunt obviate this 
difficulty. 

The foregoing paragraphs are a brief review of the 
advantages and disadvantages of the high-speed circuit 
breakers in railway service as experienced by the Illinois 
Central Railroad. It is the opinion of the writers that 
railway men are more interested in the disadvantages 
since the advantages are more easily ascertained. If 
emphasis has been placed in the disadvantages, it should 
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not be construed to indicate dissatisfaction on the part 
of the Illinois Central. The advantages of this in- 
stallation of high-speed circuit breakers undoubtedly 
outweigh the disadvantages. 


IMPRESSIONS OF THE A. I. E. E. 
CONVENTION AT DENVER 


Last week electrical engineers gathered in Denver | 
for the convention of the American Institute of Elec- 
trical Engineers. They had a good meeting and 
added further proof of the value of the Institute as an 
agency for progress. At the meeting of the chairmen of 
Institute sections and branches delegates from forty 
states discussed frankly the duties and obligations of en- 
gineers to help build a better profession and a better 
country. These men deserve the support of theindustry. 


Notable principles were enunciated by President 
Gherardi and President-elect Schuchardt. In his presi- 
dential address Mr. Gherardi said that the engineer and 
his works contribute the power and machines which 
produce the capital and leisure that make possible the 
cultural, materia! and spiritual values in modern civili- 
zation. President-elect Schuchardt urged each member 
to use his special knowledge and talents for civic good 
as well as for engineering advance. 


Committee reports recorded recent advances in 
detail and are most valuable as summaries of the art. 
The technical meetings were splendid. The power group 
discussed recent field data on surgesfrom lightning. Not 
many conclusions could be drawn, but in a short time 
the answer to the lightning problem will be had. 
Another technical meeting, on high-speed breakers, 
showed that railroad electrification is proceeding apace 
through the development of new equipment. The list 
of technical papers was representative of all branches of 
the art and recorded new things or better ways of doing 
old things. The engineers are alert to their economic 
responsibilities and are striving to advance their art as 
fast as possible. 


A gifted pen should be devoted to the electrical en- 
gineer. He needs to have the notable things he has done 
translated into human values in terms of romantic 
achievement and adventure in pioneer territory. One of 
the handicaps of the engineer and of the industry isthat 
technical specialization is far in advance of the ability 
of the public to understand these engineering advances. 
It is sometimes said that the engineer does not under- 
stand the value of human relations, but it is equally 
true that most people do not understand the engineer 
or his works. Electric welding is needed to bind the 
electrical engineer to his industry and the public. 


The Denver meeting again bore witness that the In- 
stitute is a vital and vigorous tool for industry progress. 
The electrical engineer, in a quiet and effective way, con- 
tinues to provide the power and the machines that make 
for growth and advancement.—E lectrical World. 


Corrosion of Cable Sheath in Creosoted Wood 
Conduit 
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OLLOWING the successful use of conduit of 

creosoted yellow pine in the eastern and southern 

part of this country, similar duct made of Douglas 
fir was introduced on the Pacific Coast in 1911. Manu- 
facture was undertaken in the Puget Sound territory; 
and extensive use of the duct has since been made for 
both main and subsidiary communication subways in all 
parts of Washington, Oregon and California, excepting 
Southern California where its field has been limited by 
economical considerations to lateral or subsidiary 
construction. This conduit was also considered satis- 
factory, until the latter part of 1923, when corrosion 
developed on some newly placed telephone cables, 
and the attending circumstances were such as to indi- 
cate that the duct itself might be responsible. It is 
with the identification of this corrosion and the deter- 
mination and application of methods of allaying it that 
this paper is concerned. 

Discovery of corrosion presented a problem of some 
magnitude in so far as the application of palliative 
measures was concerned. Between 1911, when wood 
conduit was first introduced on the Pacific Coast, and 
1926, when its manufacture for the Bell System was 
discontinued because of its effect upon the sheath of the 
cables, approximately 7,250,000 duct ft. were placed as 
telephone subway; and cables had been pulled into 
about one-third of it. This problem was simplified 
to some extent, however, by the fact that the cables 
had not been affected in all duct runs. There were also 
approximately 130,000 duct ft. of conduit in the store 
yards, the salvage of which was, of course, very 
desirable. 


The conduit is made of 41% in. by 415 in. sections of 
timber having a three in. bore, and mortise and tennon 
ends. The practise has been to machine it while 
green, as a rule within five days after the felling of the 
timber, to overcome the losses which would otherwise 
occur due to splitting of the duct during the boring 
process. Until about 1915 the conduit machinery and 
treating plant were at the same location. Since this 
date, however, it has been necessary to transport the 
conduit by barge, from the mill at which it is machined, 
across Puget Sound to the treating plant. This and 
other movements of the conduit, which occur between 
machining and the time it enters the retorts of the 
treating plant, are made as expeditiously as possible to 
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obviate the checking in thin sections of timber during 
air seasoning. To avoid this every effort has been 
made to place the conduit in the retorts within four or 
five days after it has been machined. Thus, the entire 
process of manufacture including the felling of the 
timber and its treatment rarely has exceeded ten days. 

Within the period that conduit of this material has 
been in use, two types of treatment have been em- 
ployed. The purpose of both of these treatments was 
to obtain an absorption of 15 lb. of creosote oil per 
cubic foot of timber by what is known as the *''full cell" 
process, as contrasted with the “empty cell" process, 
but the movements followed in the application of 
pressure, heat, and oil have been somewhat different. 
The creosote oil used with both types of treatment was 
an imported grade of dead oil of coal tar, or coal tar 
creosote, and was obtained from the same sources. 
It has consisted wholly of distillates of gas tar produced 
by the destructive distillation of bituminous coal, either 
in the manufacture of coal gas, or in manufacture of 
coke by the by-product process. So far as is known, 
the only variation in composition shown by the creosote 
during the period was in the tar acid content. This has 
fluctuated to some extent but has never exceeded 10 
per cent. 

The original process seasoned the wood by boiling 
it in creosote oil. This operation was followed by 
application of sufficient temperature and pressure to 
permit the forcing of the required amount of oil into 
the duct. In 1916 this method of treatment was super- 
seded by the “vacuum” process which had been de- 
veloped a short time previously, primarily for use on 
bridge stringers, etc., the effect upon the fibre strength 
being decidedly less detrimental. The principal advan- 
tages of the new process, as applied to conduit, were 
that it minimized the losses in treatment from checking 
and distortion, and presumably resulted in obtaining a 
better spread of the preservative. Of the latter point 
however, there is considerable doubt. With the 
vacuum process, the wood is immersed in creosote oil an 
subjected to a minimum vacuum of 20 in. of mercury 
and to temperatures ranging between 190 deg. fahr. 
and 200 deg. fahr. until the moisture content is reduced 
to approximately the fibre saturation point, after 
which pressure is applied until the timber has absorbed 
the required amount of oil. At the end of the pressure 
period the retorts are emptied of preservative, and 
a vacuum of 20 in. of mercury created for about two 
hours, under an average temperature of 160 deg. fahr. 
The entire treating process consumes about 20 hr. on an 
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average, and is of somewhat longer duration than the 
earlier process. | 

In the light of more recent experience it has become 
apparent that cable failures due to corrosion by creo- 
soted wood conduits occurred prior to 1923, but were at 
the time attributed to other causes. The first case 
which can be ascribed with any assurance to creosoted 
wood occurred at Yakima, Washington in 1921. Even 
as late as 1925, however, it was not certain that the 
trouble was associated with the conduit. The fact that 
ereosoted wood had not been known previously to 
cause corrosion, that there had been no change in the 
wood or creosote used in the manufacture of conduit, 
that other users of creosoted wood conduit had not 
reported trouble, all tended to absolve the conduit. 
The change in the method of creosoting introduced in 
1916 was not such as to arouse suspicion, and moreover 
so far as was known, corrosion did not follow immedi- 
ately after the change in process. When late in 1923 
serious cases of corrosion occurred first in Seattle and 
then in San Francisco and elsewhere on the Coast it 
became evident that the action was not due to the soil 
as was suspected at first. A study of soil samples from 
the points of failure also had given no indication of 
unusual acidity. It was recognized that the trouble 
could not be due to electrolysis since its occurrence 
bore no relationship to the potential condition of the 
cable with respect to earth and since perforation of the 
sheath occurred on the top or sides of the cable which 
were not in contact with the duct, and then only in 
duct runs which were free from water and well drained. 
Corrosion was never experienced on cables which were 
submerged in water continually or for a part of the year. 
On the other hand, the action was facilitated by the 
condensation of moisture in the form of droplets on the 
cable. "That climatic conditions, particularly tempera- 
ture and humidity, were important is seen in the fact 
that in the region of Seattle, corrosion was rapid 
only in the Spring and Fall, whereas in San Francisco it 
occurred at much the same rate the year around. The 
alloy used for cable sheath in recent years consisted of 
99 per cent lead and 1 per cent antimony, and the 
question arose as to whether the sheath suffering corro- 
sion was of normal composition. Chemical and micro- 
scopic analysis, however, showed it to be of the com- 
position specified and not abnormally susceptible to 
corrosion. 

Corrosion of the type experienced manifests itself 
by the formation of a white encasement around the 
globules of moisture condensed on the sheath. In the 
early stages a mottled effect 1s produced, but as the 
attack progresses, the surface of the cable, particularly 
the top and sides, becomes heavily coated with a white 
encrustation of lead carbonate or basic carbonate, as is 
shown in Fig. 1. Chemical analysis of this product gave 
an indication also of the presence of volatile organic 
acids. Beneath the carbonate coating the sheath was 
pitted corresponding to the original globules of moisture. 
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It was perforation of the sheath by these pits which led 
to failure of the cables. In one instance an 18 in. 
section of sheath displayed seven perforations. 


The persistence of corrosive conditions with time has 
been a matter of great interest. Observations have 
indicated that the corrosive qualities of the conduit 
become depreciated with time and are influenced to some 
extent by conditions of ventilation, its exposure to the 
weather before installation in the ground, ete. A recent 
analysis of the corrosion failures in one locality has 
shown that about 70 per cent of the failures occurred on 
cables which had been under ground for less than 15 
months, and furthermore, that about 90 per cent of the 
failures occurred in conduit which at the time the cables 
were placed in it had been in the ground for less than 13 
months. In mitigation of these facts it should be 
pointed out that possibly sufficient time had not elapsed 
for many cases of the less active corrosion to reveal 
themselves and further, that in most cases the conduit 
was laid for immediate occupancy and service conditions 
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have not been such as to warrant the later installation 
of cables, the performance of which would indicate the 
persistence of corrosive conditions. 


The volatile nature of the corroding agent was evident 
from the fact that the corrosive action in many cases 
extended into the manhole beyond the mouth of the 
ducts. This was particularly noticeable in manholes 
situated on hillsides where the action was visible on 
cables leading into the manhole from the lower side, but 
was not discernible at the mouth of the ducts on the 
side leading up-hill. 

A careful consideration of the facts disclosed by 
field observations led to the conclusion that the most 
likely cause of corrosion was to be sought in the high 
proportion of carbon dioxide and other acid vapors in 
combination with humidity changes in the duct atmos- 
sphere. It had been shown previously that the char- 
acteristic attack could be imitated in the laboratory by 
exposing pieces of cable sheath bearing drops of water 
to moist air containing carbon dioxide and a trace of 
acetic acid vapor. A more quantitative method of 
determining the rate of corrosion so produced was 
developed later and consisted in the measurement of the 
rate of increase in electrical resistance of extruded lead 
wires which resulted when these wires were reduced 
in cross-section by the progress of corrosion. This 
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method was particularly useful later in testing the 
effectiveness of various palliative treatments.? 

Having concluded that the corrosion was definitely 
associated with vapors present in the duct it became 
desirable to investigate the composition of duct air 
where corrosion was actually in progress and for this 
purpose a portable apparatus was developed. It 
consisted essentially in an aspirator, a trap for freezing 
out volatile vapors, a thermal conductivity cell with a 
Wheatstone bridge arrangement for measuring carbon 
dioxide and wet and dry bulb thermometers for deter- 
mining the humidity. The aspirating device was a 
small mechanical pump and was driven by a motor 
which was operated on a six-volt storage battery. 
Capillary flow meters were used to measure the flow of 
air from the duct. "The most suitable rate of air-flow 
was found to be from 9 to 11 cu. in. per min. The tem- 
perature of the vapor trap was maintained near -110 
deg. fahr. by surrounding it with solid carbon dioxide. 
An auxiliary set of vapor traps made it possible to 
study the air from four ducts simultaneously. The 
apparatus was mounted generally on a truck, which 
during a test, was parked beside a manhole. Glass 
tubes led from the apparatus to the ducts. The con- 
ductivity cell was calibrated for the range 0.1 to 20.0 
per cent carbon dioxide and the values could be read to 
0.05 per cent. The substances obtained in the vapor 
trap were analyzed in the laboratory for tar acids and 
acids of the acetic type and tests were made for alde- 
hydes, sulphur compounds, nitrates and chlorides. 


After preliminary work with this apparatus in New 
Jersey had shown it to be suitable for the purpose, it 
was taken to the Pacific Coast and used at Seattle, 
Tacoma, Portland, San Francisco, Oakland and Los 
Angeles. In the 25 runs which were made there were 
included both corrosive and non-corrosive creosoted 
wood ducts, tile ducts, and fibre ducts. Some of the 
ducts contained cables and others had never been 
occupied. In one case the apparatus was set up in a 
central office cable vault and operated continuously 
for three days on a bank of corrosive ducts which led 
into that office. Most of the wood conduit studied 
had been placed since 1920 but in two cases it dated 
from 1914. Finally runs were made at the creosoting 
plant which had manufactured the conduit, vapors 
being collected from the air in the work-storage and 
condensate tanks. 

The results of these tests showed that small amounts 
of a volatile organic acid, probably largely acetic acid, 
were present in the air in creosoted wood ducts which 
had been installed in recent years, and that in general, 
the higher concentrations of acid were found in the 
more corrosive sections. Although the actual concen- 
tration of acid calculated as acetic acid did not exceed 


3. "The development of this method of measuring corrosion 
rates was due to W. A. Hyde and W. E. Campbell of the Bell 
Telephone Laboratories and will be described in more detail in a 
later paper. 
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0.1 mg. per cu. ft. of air, previous laboratory investiga- 
tions had shown that acid concentrations of this magni- 
tude were definitely corrosive to cable sheath. The 
runs made at the creosoting plant revealed the presence 
of still greater concentrations of acid in storage tank 
air, the values being from two to four times greater than 
those found in conduit air. 

Tar acids and naphthalene were collected in con- 
siderable quantities from the creosoted wood ducts, but 
neither of these substances, nor carbon dioxide, within 
the limits found, 0.1 per cent to 6.0 per cent, bore any 
relationship to the corrosive action. Nor did these 
substances show in laboratory tests, the marked corro- 
sive action displayed by traces of acetic acid. 

In the meantime, additional laboratory tests had 
shown that green Douglas fir wood contains consid- 
erably larger quantities of volatile acid than does 
southern pine or western hemlock and that the cor- 


Fic. 


2—AÀPPARATU8 Fon SUPPLYING AMMONIA TO 
NEUTRALIZE CREOSOTED Woop Dvcr 


rosive qualities of sawdust samples of these woods are 
related to their acid contents. 

It had become evident in view of these observations 
that corrosion was due to acids derived from the 
conduit and therefore from a knowledge of wood chem- 
istry principally acetic acid. Hence, the mechanism 
of the corrosion is the same as that involved in the 
production of “white lead." This reaction, from the 
classical viewpoint, consists in the formation of lead 
acetate, by the action of acetic acid and oxygen on 
lead, and the conversion of this product into a basic 
lead carbonate with the liberation of acetic acid which 
then repeats the process cyclically. Essentially the 
process is dependent upon the maintenance of a suit- 
ably high concentration of hydrogen ions and the 
presence of oxygen and carbon dioxide. 

The determination of the cause of corrosion was in 
one sense only preliminary to the important problem of 
finding a means of saving the cables which were in the 
process of corroding and to devise a method of treatment 
which would destroy the corrosiveness of idle ducts 
prior to their occupancy by cables. In this study com- 
prehensive tests were carried on both in the field and in 
the laboratory. A large number of materials, including 
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petrolatum, greases, oils, soap solution, water glass, 
pyridine, ammonium carbonate, ammonium dichro- 
mate, ammonia gas, etc., were tried out. Heavy 
petrolatum applied to cables upon installation gave 
some promise, but examination of the coated cables 
later revealed marked evidences of corrosion in areas 
where the grease had been rubbed off during the in- 
stallation of the cable. Eventually the most effective 
palliative treatment was found to be ammonia gas 
which neutralizes the acetic acid forming ammonium 
acetate, a non-volatile salt. 

A suitable apparatus was developed for supplying 
ammonia mixed with air to cable ducts. This equip- 
ment consisted of a large capacity blower operated by a 
gasoline engine, a mixing tank, thenecessary connections 
and an outlet through a manifold for distributing the 
air mixture to the ducts. A tank of liquid ammonia 
was connected to the mixing tank through a flow meter. 


The system was mounted on a truck, as is shown in - 


Fig. 2. The air-ammonia mixture found most suitable 
contained about 2 per cent ammonia, and this was used. 
The greater part of the affected creosoted wood conduit 
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in the plant has now been given the ammonia treatment 
with the result that trouble due to corrosion has prac- 
tically ceased. "There is still some question as to the 
necessity of repeating the treatment, but the evidence 
indicates that a single application will suffice in perhaps 
all but the most severely corrosive ducts. 

The final phase of the problem, not yet completed, 
has had to do with the determination of the source and 
process of formation of the corrosive acid in creosoted - 
wood ducts. An extensive laboratory investigation has 
shown that Douglas fir is markedly more acidic than 
pine, which is used for conduit in other sections of the 
country, and that the acid content is increased by rais- 
ing the temperature or increasing the duration of heat 
treatment. Douglas fir is particularly difficult to 
penetrate with creosote and the relatively longer dura- 
tion of treatment which has been employed in an 
attempt to improve penetration has tended probably to 
increase the acid content of the product. There is 
evidence that the acid is associated with the untreated 
part of the duct and that the creosoted portion of the 
wood is not corrosive to cable sheath. 


Civilization and the Engineer 


President's Address 
BY BANCROFT GHERARDI 


hat has the engineer contributed to civilization? 

Have his contributions been major factors in its 

development? It is important that we should 
know the answers to these questions, for sooner or later 
the standing of the engineer in the world in which welive 
depends upon these answers. To get them it is necessary 
to consider the development of civilization. 

From the earliest days, mankind's primary need has 
been food. He cannot exist without it. In addition, 
in most climates he must have shelter, clothes and fuel. 
As long as all human energy had to be devoted to meet- 
ing these needs, no margin remained for the improve- 
ment of man’s condition, either physical, mental, or 
spiritual. It is to the extent that there is a margin of 
effort available after the minimum of these requirements 
is provided that civilization may develop. The ex- 
istence and magnitude of such a margin has depended 
upon man’s willingness and ability to produce beyond 
this minimum and the aids that he has in his work. 
The margin beyond that necessary for maintaining 
existence goes to the improvement of his status. 

The students of the early stages of man’s development 
measure the steps by which he has advanced by certain 
outstanding factors. Accepting the classification of 
Lewis H. Morgan, these are: The development of 
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speech; the use of fire; the bow and arrow; the manufac- 
ture of pottery; the domestication of animals; the 
development of writing. In these, we find the begin- 
ning of civilization. And we find something more; 
something of the deepest significance to the engineer. 
Fire,—first used for warmth and cooking, and now our 
principal source of power. The bow and arrow—a 
machine by means of which man can apply his strength 
and dexterity more effectively. Pottery,—a manu- 
factured article to minister to his household needs. 
Domestic animals,—a source of power under the control 
of man and a more reliable supply of food and clothing. 
Although at that time scientific knowledge was un- 
known, invention probably not recognized as such, and 
engineering not even dreamt of, in the bow and arrow 
and in pottery all were foreshadowed. 


The struggle by man to learn the facts of nature and 
to utilize them has been slow and extended over ages. 
As we look back, at times progress has seemed to halt, 
and generally, there was no definite conception of what 
constituted progress or in what ways it should be sought, 
but nevertheless, the ground work was being laid and 
man was slowly moving forward. 


There gradually grew up an appreciation that 
Nature was not whimsical or beyond understand- 
ing; that she has hidden treasures—materials and 
forces—that could be used by man if he would but learn 
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what they were; that Nature was an inexhaustible 
treasurehouse if man would but find the “open sesame,” 
the way to use her resources—and that the “open 
sesame” was to learn of Nature by studying her and not 
by trying to speculate what she should be; that we may 
theorize if our theories are based on facts and checked 
by experience, but that speculations without facts are 
idle dreams and that nothing that may be determined 
by observation may be safely accepted except as it is 
so determined. Early there were such minds,—Euclid, 
Archimedes, Aristarchus, Hipparchus,—but in their 
time they did not represent the common method of 
thought even of the educated people. 

Then came a long period of halting, “the dark ages," 
during which not only did progress seem to cease, but 
in many cases it was discouraged by powerful authori- 
ties. But the greatest darkness always comes just 
before the dawn. 


In the 16th and 17th centuries, the scene began to . 


change rapidly. A number of wonderful men of whom 
I shall name only two,—Galileo and Newton,—devoted 
their lives to the study of nature; that is, to the getting 
of facts and to the effort to develop theories that 
would be consistent with these facts; and which could 
be used to postulate other facts which, if veri- 
fied by observation, further extend knowledge. These 
men were the pioneers in our modern civilization. 
To these and to their successors in theory and applica- 
tion we owe the developments that constitute the 
determining factors of modern civilization. 

And what are the characteristic features of the 
material aspects of modern eivilization? They are 
power and machines. 

Power by which man power and horsepower are 
multiplied to practically any extent that may be 
desired, and machines which, when driven by power, 
will make or do numberless things which man may 
desire. At last it is possible for man, aided by power 
and machinery, to produce so far beyond the primary 
needs of food, shelter, clothes and fuel, that not only 
can he greatly improve the quantity and quality of 
these, but provide numberless other conveniences, 
comforts, and luxuries; and these results are attained 
today with shorter working hours than formerly were 
necessary to achieve a much lower standard of living. 

These results have been a direct outcome of the work 
of the scientist, the inventor, and the engineer. And 
to these should be added other groups engaged in the 
practical application of science,—such as chemists, 
biologists, doctors, and architects. They have been 
contributed to also by the promoter, the manager, the 
banker and the capitalist—all necessary factors in the 
development of modern civilization but without the 
products of science, invention, and engineering, they 
could not have builded as they have. For not only is 
our modern civilization based upon science and its 
applications but these have furnished the capital 
necessary to realize the results attained. For capital 
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is the margin between what we produce and what 
we consume for our day-by-day needs, and this margin 
is mostly due to the applications of science. Suppose 
that today China should decide that it should have 
transportation and a communication system equivalent 
in proportion to its population to that of the United 
States. How would it go about getting such a system 
promptly? There is no way that it could do so. In 
material and labor, this system would cost say 200 
billion dollars, for highways, railroads, motor cars and 
telephone plants. This could not be borrowed, because 
aside from any question of credit, there is no such sur- 
plus available in the rest of the world; it is not to be 
had, because so much has not been saved in its whole 
existence of several thousand years. 

This brief outline of the development in the matenal 
aspects of modern civilization indicates sufficiently 
the part that has been taken in it by the scientist, the 
inventor and the engineer. I have confined myself 
largely to the material aspects because the very nature 
of engineering has to do with physical things. Should 
it be inferred that the engineer has made no contribu- 
tion to the mental and spirtual advance of mankind? 
The facts by no means justify such a conclusion. 

Consider the printing press and its relations to the 
diffusion of knowledge. The phonograph and what it 
has done for music. The moving picture, and now the 
talking movie and their part in education and entertain- 
ment. Radio broadcasting and its bringing millions 
in direct touch with the finest orchestras, the greatest 
educators and entertainers, and enabling millions to 
hear the President of the United States when he speaks 
on a public occasion. The farm telephone and the 
automobile and what they have done to break down the 
isolation of farm life. Is the world’s great trans- 
portation system—railroads, motor cars, and steam- 
ships—used solely for business? Has travel ceased to 
have an educational value since the slowness, expense 
and discomforts of the stage coach and of the sailing 
ship have been eliminated from it? And our communi- 
cation system—mail, telephone and telegraph—does it 
contribute nothing to our higher life? Is it never 
used except in relation to the material aspects of life? 

If such contributions to our mental and spiritual 
development were all that have been given to the world 
by the engineer and his allies, they would be notable 
and more than refute the statement sometimes 
made that the engineer's contributions are solely ma- 
terialistic. But this is by no means all. 

The development of culture requires leisure from the 
struggle for existence. Was Athens the poorest nation 
in the world when it developed its wonderful literature 
and arts? It was materially the richest of its time. 
Was Florence, when it developed its school of painting, 
a poor and struggling city? Quite the reverse. Do we 
look today to Patagonia or Tasmania or to the Esquimos 
for high mental and spiritual development? We should 
if material welfare was inconsistent with spiritual and 
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mental attainments. History justifies the statement 
that material, mental, and spiritual development as a 
whole go together, and that while a genius may develop 
under almost any conditions, a high and distributed 
culture is favored by a high and distributed material 
welfare. The scientist and engineer have sometimes 
done themselves injustice in assenting tostatements and 
occasionally even suggesting, themselves, that they have 
not contributed except to the material welfare of the 
world. 

Still another outgrowth of the development of science 
and of its application is the educational system of today. 
Not always is it realized that for the maintenance of our 
present educational system in this country, it is a neces- 
sity that there should be a sufficiently high standard of 
living to permit of the withdrawal from the immediate 
production of the necessities of life the hundreds of 
thousands of teachers who are directing this educational 
work and the millions of students who are taking part 
init. Itis also necessary that there should be available 
huge amounts of capital to be expended for the provision 
of buildings and other necessary equipment. All of 
these have been rendered possible only by the results of 
applied science in increasing the margin over and above 
that necessary for existence. 

From the beginning of history, man has constantly 
struggled to improve his economic status. He has 
wanted an assured supply of food and more pleasing 
food, more comfortable and better lodging, more 
comfortable, better and a greater variety of clothes, 
better shelter, more comforts of all kinds, more leisure 
and recreation, and now, through the tapping of the 
resources of nature, year by year and decade by decade, 
he is attaining these ends more and more, not only for 
the favored few but for the great mass of the people who, 
but a few decades ago, were believed to be condemned 
by the very nature of life in this world to an existence 
limited to the barest necessities. This sweeping change 
in the economic status of individuals and nations has 
given rise to many questions of a fundamental character. 
These questions have to do with social relations, edu- 
cation, economics, business, health, politics and religion. 
They comprehend the whole relationship of man to man 
and of man to his environment. 

These questions do not depend for their solution upon 
engineering principles which so largely rest upon the 
characteristics of physical and inanimate things, but 
they have to do rather with people and with human 
reactions. This, however, does not take them out of the 
field in which the engineer must be skilled to do his 
work. For even though the engineer’s main duty lies 
in the control of nature, the very organization of society 
which that control has given us means that the engineer, 
in his engineering work, must operate as a part of organ- 
ized society and conduct his relations with others with 
due regard to human reactions. The conquest of 
nature on a large scale must be done by those who can 
use organizations of men. The modern engineer should 
have as great acapacity for human management, coopera- 
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tion and for dealing with others as the men in politics, 
religion and other professions which are devoted pri- 
marily to the study of man. To the extent that the 
engineer can measure up to these requirements he may 
become a leader in other fields of action, as well as being 
a leader in his own. 

Whatever may be the part of the engineer in the solu- 
tion of these questions, his principal work and that 
which he only can do well, is to take the scientific 
facts made available by the scientist and, by their ` 
adaptation to practical ends, add to the welfare of 
mankind. And can we engineers, notwithstanding the 
stupendous advances of the 19th century and the gigan- 
tic steps forward of the first quarter of this century, 
doubt that still greater opportunities lie before us year 
by year, as with pride in the service that we render 
mankind and humility that so little has been done and 
so much remains to be done, we continue our work 
devoted to making this world a better and easier one to 
live in so that the burden of life may be lifted more and 
more from the shoulders of the average man. 


ELECTRICAL HARDENING AND 
ANNEALING 

Electric salt bath furnaces have been found to be 
very useful for heating metals up to the exact tempera- 
ture required for hardening in the shortest possible 
time. They are largely employed for hardening 
cutting tools. The tool to be hardened is placed in the 
salt which is to carry the electric current. When the 
salt melts it makes good thermal contact with the metal, 
the required temperature being attained very quickly. 
The salt bath also serves as a heat accumulator. Air 
is not in contact with the heated metal, and so it is not 
oxidized on quenching. Owing to the excellent way 
they retain their heat, salt bath furnaces are particularly 
suitable for hardening metals on a large scale. In 
Progress for December, a description is given of electri- 
cal welding and hardening processes. The furnaces 
for 800 deg. cent. are used for hardening carbon steels, 
and those for 1300 deg. cent. for high alloy steels. 
The salt used for temperatures from 750 deg. cent to 
1000 deg. cent is composed of a mixture of barium and 
potassium chlorides, and that from 1000 deg. cent. to 
1300 deg. cent. of barium chloride only. Electric 
annealing furnaces are also described. For these 
furnaces chrome nickel has been found most useful 
for the conductor which converts the electrical energy 
into heat. These furnaces are generally designed for 
temperatures up to 950 deg. cent., and are specially 
useful for heating processes which have to extend over 
long periods. They are sometimes equipped with 
automatic temperature regulators, and can be used for . 
annealing metals in hydrogen and other gases. The 
tempering of hardened tools can also be effected in 
electric salt bath furnaces even when the temperature 
required is so low as 220 deg. cent. In this case the 
conducting salt is a mixture of sodium and potassium 
nitrates.—World Power. 
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Calculation of Stray Load Losses 
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INTRODUCTION 


ARLY in the history of the development of the 
a-c. generator, it was recognized that there were 
losses present under load conditions in addition 

to the no-load losses and the armature copper loss due 
to load current. Because no one had a satisfactory 
means of measuring this loss it was not included in the 
early definitions of conventional efficiency. As com- 
petition increased and economic pressure demanded 
higher and higher efficiencies, the necessity of approxi- 
mating this loss was apparent. 


At the Midwinter Convention of the A. I. E. E. in 
1913 papers were presented giving the results of care- 
fully made input-output tests which tended to show 
that the entire loss on sustained polyphase short circuit 
should be taken as a measure of the stray-load loss for 
the salient pole alternator. This rule has remained in 
force and in view of its general acceptance, it is to the 
interest of designers of salient pole alternators to be able 
. to predetermine this loss. 


It is the purpose of this paper to present some general 
methods of attacking the problem. It is not intended 
that the results should be complete—they are presented 
simply as a starting point for the attack on this problem. 


Proceeding on the principle that a formula cannot be 
correct unless it has the dimensions of the quantity 
which it represents or expresses, we may quite readily 
develop some of our familiar relations. As the com- 
plexity of the problems which we treat by this method 
increases, the difficulties encountered in its application 
also increase until a point is reached beyond which we 
cannot go without assistance. 

In the case at hand,—the calculation of stray-load 
losses, —this assistance may come in one of two forms; 
it may be experimental evidence as to the exponents of 
certain of the variables, or it may come in the form 
of assumptions as to the variables involved and the 
manner of their variation. It is evident, therefore, 
that the method is not rigorous but is one which will 
enable us to derive a formula from otherwise incomplete 
data. | 

Formulas derived in this manner require the inclusion 
of empirical constants. These constants may be de- 
termined by statistical methods to be discussed later. 


Instead of trying to develop a single formula for the 
short-circuit core loss, it is desirable to separate the total 
loss into distinct parts and develop formulas for each of 
1. Massachusetts Inst. of Tech., Cambridge, Mass. 
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these partsseparately. The total loss is then the sum of 
the component losses. 
The parts into which this loss is most conveniently 


divided are: 


1. Aneddy-current loss in the armature copper. 
2. Alossin the stator iron. 

3. A pole face loss. 

4. An end loss. 

5. Alossin the amortisseur winding. 


EDDY-CURRENT LOSSES IN THE ARMATURE COPPER 


There is an extensive literature on the subject of 
eddy-current losses in the armature copper and there 
will not be space here to review it. In the investigation 
on which this paper is based the method used by I. H. 
Summers? was employed and assumed without error. 


Loss IN THE STATOR IRON 


The flux wave form in the air-gap of a salient-pole 
alternator under load varies with the power factor at 
which the machine is operating. This condition ren- 
ders it extremely difficult to determine the core losses 
under load. We are seeking, however, to express the 
core losses at a fixed power factor, and that with which 
we are concerned is one which gives rise to very special 
relations between the main field flux and the armature 
reaction flux. The power factor which we are to con- 
sider is extremely close to zero, in a lagging direction. 


Since the flux densities under short-circuit con- 
ditions are not ordinarily found in the usual course of 
design, it will be necessary to determine them before 
the loss can be computed. It will be convenient to 
express them as a percentage of the open circuit 
densities. 

If a salient-pole alternator operates at zero power 
factor, the axes of the main field flux and the armature 
reaction flux will coincide. If the power factor is 
leading, the flux waves will add; if the power factor 
is lagging, the net flux will be the difference of the 
two waves. The wave form of the two fluxes will not be 
the same, however, so the addition and subtraction men- 
tioned above must be that of harmonics of the same - 
order. 

If we are to be able to calculate the flux wave exist- 
ing in the air-gap of a salient-pole alternator operated 
on short circuit at such an excitation that rated current 
flows in the armature windings we must make certain 
assumptions. These assumptions are four in number 
and are given below: 


2. Reduction of Armature Copper Losses, TRANSACTIONS 
A. I. E. E., Vol. 46, 1927, p. 101. 


August 1928 


1. That the air-gap flux wave consists of four 
components and four only. 

a. A fundamental due to the main field m. m. f. 

b. A third harmonic due to the main field 
m. m. f. 

c. A fundamental due to the armature reaction 
m. m. f. 

d. A third harmonic due to the armature 
reaction m. m. f. 

2. That the four components of the flux wave are 

determined by the value of the three ratios: 
a. Maximum gap to minimum gap. 
b. Polearcto pole pitch. 
c. Minimum gap to pole pitch. 

3. That the armature reaction m. m. f. has a sinu- 
soidal space distribution. 

4. That the machine operates at zero power factor 
lagging. 

There is a paper by Mr. R. W. Wieseman? giving 
curves for the determination of the four components of 
the short-circuit flux wave mentioned above in terms of 
the three ratios of assumption number two. The 
accuracy of these curves is discussed in the paper and no 
more need be said about them here. It will be assumed 
that these curves give the actual amplitudes of the flux 
wave components. 


Before any addition of components can be made, we 
must find some common basis for their measurement, 
since the curves of Mr. Wieseman's paper give the four 
components as a per cent of the total wave of either 
armature reaction or main field flux, as the case may 
be. This common basis is found by expressing the 
m. m. f. applied under short-circuit conditions as a per- 
centage of the m. m. f. required for the air-gap. This 
assumes that an ampere-turn on the field is just as 
effective in producing flux as an ampere-turn on the 
armature. 


We must determine another constant, however, be- 
cause the value of the armature reaction as determined 
by the usual design formula, for three-phase 2.12 
N I K, Ka is based on a time distribution instead of a 
space distribution. This constant is 4/7 = 1.27. 

Making use of this, the expression for the short- 
circuit air-gap density in terms of the open-circuit 
air-gap density becomes (for each component): 


AR 127A RA; 
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The density distribution which has just been de- 
scribed will not obtain in the iron portions of the ma- 
chine. It may be shown, however, that the only 
component which we need consider is the third harmonic 

3. Graphical Determination of Magnetic Fields, by Robert 


W. Wieseman, Winter Conv., 1927; A. I. E. E. Trans., Vol. 46, 
p. 141. 
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in the teeth. This will be expressed by an equation 
similar to (1), except that B„ı will be replaced by the 
no-load tooth density. The loss will then be: 


volume of teeth 
1000 


To calculate the triple-frequency core loss in the 
armature teeth for the condition of sustained poly- 
phase short circuit it is, therefore, necessary to compute 
the third harmonic tooth density as a percentage of the 
open-circuit tooth density and then to obtain the loss 
from the usual laboratory loss curves. 


SHORT-CIRCUIT POLE-FACE Loss 


Under sustained polyphase short circuit the current 
carried by each slot will give rise to an m. m. f. which 
will cause flux pulsations in the pole face. The magni- 
tude of the loss produced will be a function of these 
tooth-frequency flux pulsations. Since the path of this 
flux is largely in air, we may assume as a first approxi- 
mation that it is directly proportional to the m. m. f. 
producing it. This m. m. f. will be proportional to the 
current per slot, which, for any given machine, is in 
turn proportional to the ampere-turns. per inch of 
armature periphery. 

To derive a formula for the short-circuit pole-face 
loss, use has been made of a similar study of open- 
circuit pole-face losses. The method used was that of 
a dimensional analysis, starting with experimental 
values for the exponents of certain of the variables. 

The final form of the short-circuit pole-face loss 
formula is: 


W,2K,KiK;, 103 
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END Loss 


Under sustained polyphase short-circuit conditions 
the windings carrying current are linking the end 
fingers, clamping flanges and armature binding bands, 
thus inducing eddy currents in all of these portions of 
the machine. In addition there will be a considerable 
leakage flux from the end connections, some of which 
may get into the frame, end shields and various other 
stationary portions. It is understood, of course, that 
this flux of the armature winding which is producing 
end loss is revolving at synchronous speed, in conse- 
quence of the polyphase nature of the winding which 
produces a revolving field. 


If we are to be able to compute the loss, we must 
first find the leakage flux producing this loss. This 
may be done by multiplying the m. m. f. by the per- 
meance of the leakage flux path. The m.m. f., of 
course, will be the ampere-turns of armature reaction, 
or some fraction thereof. 


It now remains to find an expression for the per- 
meance of the leakage flux path. If we assume that the 
adjacent masses of iron may be neglected, we see that 
the permeance is of the form: 
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C = u X pole pitch X coil pitch 
Making the assumption of constant permeability and 
using a formula derived by dimensional analysis, the 
end loss formula becomes: 
AR 


"Ir ( 10,000 
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W. = K, ) X coil pitch 
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Loss IN THE AMORTISSEUR WINDINGS 


Thus far we have assumed that the armature reaction 
m. m. f. was sinusoidally distributed about the periph- 
ery. With a finite number of phases this can never 
be exactly true, but for the losses thus far considered the 
approximation has been close. "There is, however, a 
loss due to the fact that the armature reaction m. m. f. 
is not sinusoidal. The wave form of the armature 
reaction m. m. f. will be determined by the pitch of the 
winding and by its arrangement in the slots. For our 
present purpose the effect of pitch alone will be con- 
sidered. In many cases the arrangement of the winding 
will be more important, but here it is our purpose to 
produce a formula which shall be comparatively simple 
to apply in a specific case rather than to obtain one 
which gives greater accuracy at the cost of increased 
Jabor. 

If the pitch is such that the wave form is not sinu- 
soidal there will be certain of the higher harmonics 
which will move relatively to the pole faces. The 
triple harmonics will cancel in the three-phase machine 
leaving all others to produce loss. Of these, the fifth 
and seventh are the most important. 


If we recognize the fact that, so far as this loss is 
concerned, the synchronous machine may be treated 
by an equivalent circuit exactly similar to that for the 
single-phase induction motor, we may arrive at the 
desired approximation. By the use of this circuit we 
may deduce an expression for the loss in the bar wind- 
ings of the rotor as some function of the stator coil pitch. 
To determine the form which this function will take, we 
must remember that the flux harmonics due to the 
arrangement of the winding will also produce a leakage 
reactance drop in the phase belt. This reactance is 
easily calculable for the induction motor and we may 
simply use values taken from such a curve for the values 
of this function of the coil pitch. This apparent mixing 
of the units of loss and reactance is not real, since the 
units are proportional, and we shall prefix this ex- 
pression for the loss by a constant to be determined by 
statistical methods. 

A dimensional check of the formula showed that it 
was dimensionally correct. In its final form, it is: 


2 
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Loss in bars = K, ( 100,000 xcu 


p XXK, 
DETERMINATION OF THE VALUES OF THE 
PROPORTIONALITY CONSTANTS 

Each of the terms in the formula for short-circuit 
core loss has been prefixed by a coefficient. "These 
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coefficients have been included because the formulas as 
developed are not rigorous and they must be determined 
from considerations derived from the theory of proba- 
bility. Indetermining their values, we seek to find the 
most probable value for each one of the four coefficients. 
Statistical theory indicates that the most probable 
value of any observed quantity is that which makes 
the sum of the squares of the deviations of a set of 
observations, or a group of such sets, a minimum. In 
accordance with this theory, the method of least squares 
may be applied for the determination of the values of 
the coefficients. | 


ACCURACY OF THE FORMULA 


In using any formula such as this, the designer of 
electrical machinery is interested not only in the 
error inherent in the formula but the probable error 
of the result. If the results of using this formula be 
plotted as a frequency distribution, 7. e., per cent 
error in each individual case against the number of 
times it occurs, the usual normal distribution or 
probability curve will result. The fact that we have 
such a distribution is the thing of greatest interest 
to the designer. Associated with such a distribution 
are a number of means intended to give a reliable index 
of the accuracy of the result. One of the most con- 
venient of these is the mean deviation. 


The usual manner of measuring the accuracy of such 
a formula is to form the ratio 


Test core loss 
Calculated core loss 


for each application and to determine the mean devia- 
tion of this ratio. When dealing with stray-load losses 
as determined by the sustained polyphase short-circuit 
test, however, it is more convenient to express the error 
as a percentage of the copper loss at full load current. 
This is done for several reasons; first, it has been 
experimentally shown that the stray-load loss, or short- 
circuit loss, varies with the square of the current as 
does the copper loss, and so it is natural to treat it in 
the same manner. Secondly, it has been the practise of 
designers from time immemorial to estimate this loss 
by assuming it to be a percentage of the copper loss 
at rated current. We shall, therefore, be measuring the 
accuracy of the formula in a unit which is already 
understood by those who are to use the formula. 
Finally, it is desirable to minimize the testing errors 
which are greatest where the loss is but a small part of 
the copper loss. 


Measuring the accuracy of the formula for its 
application to 150 machines, the results are as follows: 


Mean deviation............... 24 .5 per cent 
Average error................. 10.9 per cent 
Maximum error 

PAUS ec rdi Ee 41.2 per cent 


WinUS ito des neds 41.5 per cent. 
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The above errors are expressed as a per cent of the full 
load copper loss. 


In conclusion it must be pointed out that the accuracy 
of the experimental determination of this loss, thus far 
assumed to be without error, is not all that could be 
desired. In measuring the short-circuit loss per the 
A. I. E. E. rules it is necessary to deduct from the 
measured input not only the friction and windage but 
the armature copper loss as well. Thus, the loss we 
are seeking to determine is not capable of direct 
measurement but is a measured loss minus other more 
or less accurately determinable losses. 


TABLE OF SYMBOLS 


Ai, Amplitude of fundamental of main field flux wave 

Asm Amplitude of third harmonic of main field flux 
wave 

Aia Amplitude of fundamental of armature reaction 
flux wave 

A;, Amplitude of third harmonic of armature reaction 
flux wave 
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X Armature leakage reactance expressed as a decimal 

B,, No-load air-gap flux density 

B; Short-circuit third-harmonic flux density 

A R Armature reaction ampere-turns per pole 

F, Air-gap ampere-turns per pole 

Constant dependent upon quality of stator iron 

Constant dependent upon frequency 

w; Loss per cu. in. in standard iron at standard 
frequency at density B; 

Thickness of pole laminations in inches 

Armature reaction per 7-inch 

Stator slot pitch 

Number of poles 

Area of air-gap under one pole 

Peripheral velocity in thousands of ft. per min. 

Effective air-gap 

Gap diameter in inches 

Length of rotor stacking in inches 

A factor dependent upon coil pitch 

K, A constant dependent upon the type of ammortis- 

seur winding. 
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Synopsis.—The paper presents a brief résumé of the problems 
encountered in the design of two-pole high-speed synchronous 
motors, together with a description of how they are met. A satis- 
factory design is worked out. The theory of the starting winding 
ws given briefly in non-mathematical language, and curves are pre- 
sented showing the results obtained in-so-far as current and torque 


INTRODUCTION 


F ARGE 3600-rev. per min. synchronous motors are 
in demand chiefly for driving centrifugal compres- 
sors. In this application, high speed is essential in 

keeping down the number of stages and the weight 
in the compressor. Steam-turbine drives are used to 
some extent, and on the smaller sizes, induction motors 
have been used. The steam turbines are very satis- 
factory where a suitable supply of cheap steam is 
available, but frequently, the source of steam is too re- 
mote. In most cases, 60-cycle electric power is readily 
available. 


The design of existing two-pole alternators, with their 
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are concerned. It also outlines the applications in which these 
motors have been used .pointing out both the advantages and the 
limitations of synchronous motors. This is followed by a description 
of the operating characteristics and of the method of controlling the 
motors. 


special features insuring satisfactory high-speed opera- 

tion, was taken as a basis for the design of the high-speed 
synchronous motors described in this paper. The 
available turbine alternators were of the type which had 
laminations for the rotating elements, pressed on a steel 
shaft. These laminations had radial slots in which 
the polar field windings were wound, and the latter 
were held in place in the core portion by metal retaining 
wedges placed in suitable wedge slots just above the 
polar windings. The polar windings were held in place 
on the end portions by steel retaining rings. The 
mechanical and electrical designs of these alternators 
had been carried out together, so that smooth operation 
with safe mechanical stresses was assured while at the 
same time the flux and current densities insured heating 
and efficiencies within guaranteed limits. By utilizing 
these features, adding appropriate starting windings 
and making some changes in the electrical design, 
synchronous motors were built with starting character- 
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istics comparable to those of induction motors, and with 
satisfactory running characteristics. It was found 
possible to make changes in the design of the starting 
windings without affecting the synchronous operation. 

A squirrel-cage starting winding for a synchronous 
motor should not interfere with the main-pole windings 
in the event that the latter have to be removed for 


Fig. 1—ARRANGEMENT OF POLAR WINDING, STARTING 
WINDING AND WEDGES IN Roror or Two-Po.Le SYNCHRONOUS 
MoToR 


repair or replacement. In this respect, several proposed 
schemes for starting windings were found unsatisfactory. 
The method finally adopted is to cut away the teeth 
at the thiek ends and to insert thin deep conduc- 
tors in the space so formed, as shown in Fig. 1. 
Special slots are cut in the polar space to provide a con- 
tinuous winding around the periphery. The con- 
ductors are carefully soldered to flat copper or bronze 
end rings, shaped to conform with the rotor slots, 
and fitted on the ends of the rotor core. Figs. 2 and 
3 show the details of the assembling and indicate that 
the main field winding can be removed without inter- 
ference from the starting winding. This arrangement, 


Fic. 2—View or Unwounp Roror or Two-PorEe, 3600- 
Rev. PER Min. SYNCHRONOUS Moron, SHOWING CONSTRUCTION 
OF STARTING WINDING 


together with special wedges above the rotor conductors, 
provides excellent starting characteristics. It was 
found possible to get enough copper into the starting 
winding to give a d-c. resistance of approximately 
one-half of one per cent. 


THEORY 


Referring to Fig. 1, it will be seen that the squirrel- 
cage bars are relatively deep. With this construction 
the effect of the leakage flux at 60 cycles is to cause an 
uneven distribution of current density concentrating 
it at the top of the slot. This causes an increase in the 


effective resistance of the bar and a decrease in the 
reactance. This effect can be calculated by well-known 
methods applied to rectangular bars in rectangular 
slots with open tops. For these motors, it was found 
that the effective resistance of the bars at 60 cycles was 
approximately twice their d-c. resistance. 

We come now to consideration of a particularly inter- 
esting feature of the starting winding. In order to 
prevent currents from flowing axially along the rotor, it 
was considered necessary to make the retaining wedges 
above the polar winding of short sections, insulated from 
each other. Such currents might cause dangerous 
burning unless proper connections were provided at the 
ends of the rotor to confine them, and it is difficult to do 
this without interfering with the accessibility of the 
polar windings. Even though these wedges consist 
of short sections insulated one from another, they 
still possess the essential features of a dead conductor 
placed above a current-carrying conductor in a slot. 
That is, the leakage flux from the starting winding can 
induce a voltage in the wedges, causing a current to 
flow axially along the top of the wedge and to return 
along the bottom, each wedge section providing a 


Fic. 3—CoMPLETELY Wounp SyncHronous Moror FIELD 
BEFORE RETAINING RINGS ARE SHRUNK ON 


complete circuit. Theories of this action have been 
worked out by various authors.? It was found advis- 
able to employ two kinds of wedges, some being of steel 
and some of a non-magnetic metal. Various effects 
have been obtained by using steel and non-magnetic 
wedges in different alternate positions. By thus 
varying the proportions of the two materials, different 
effective resistances and reactances can be obtained. 
The effect of a steel wedge above the starting winding is 
to increase the reactance by providing a path of lower 
permeance for the leakage flux; and to increase the 
resistance by contributing a heat loss caused by the 
eddy currents induced in the wedge by the leakage flux. 
The action is like that of a tertiary winding in a trans- 
former, except that saturation is present to a large 
degree in the wedge-leakage paths and modifies the 
results considerably. 


STARTING CHARACTERISTIC CURVES 
Torque and current curves which were taken by test 
on a 1500-hp., 3600-rev. per min. motor are shown in 
Figs. 4 and 5 for different applied voltages. These 
curves clearly show how the current and torque vary 
with voltage and speed. It will be noted that the 
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torque is maintained up to a point very near synchro- 
nous speed. The slope of the torque curves from this 
point to synchron‘sm is very great, and a measurement 
of the slope near synchronism indicates that the d-c. 
rotor resistance as calculated is about one-half of 1 per 
cent. The fact that the torque is maintained up to a 
speed so near to synchronism makes it comparatively 
easy to synchronize the motor. A consideration of the 
above theory indicates that these torque and current 
curves could be varied materially by changing the pro- 


PER CENT OF RATED CURRENT 


30 50 70 
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4—ARMATURE CURRENT-SPEED CHARACTERISTICS OF 

Two-Po.Le SyNcHRoNovs MOTOR AT VARIOUS VOLTAGES 
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portions of steel and non-magnetic material in the slot 
wedges. Calculations indicate that at standstill the 
rotor resistance and reactance are each of the order of 
ten times the value calculated for direct current flowing 
in the starting winding. This shows how greatly the 
characteristics depend on the retaining wedges during 
the first part of the starting cycle. 


HEATING 


When either a synchronous or an induction motor is 
accelerated by means of a squirrel-cage winding from 
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Fic. 5—TorqueE-SPEED CHARACTERISTICS OF  Two-PoLE 


SYNCHRONOUS MOTOR AT Various VOLTAGES 


zero speed to synchronous speed, it may be readily 
proved that the heat generated in the rotor over the 
total cycle is practically independent of the construction 
of the starting winding. This heat energy is equal to 
the stored energy of the rotating parts at synchronous 
speed plus an amount represented by the area of a 
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curve obtained by plotting the product of slip and load 
torque against time over the whole starting cycle. It 
was found in some actual cases that the kinetic energy 
of the rotating mass was equal to about 80 per cent 
of the total heat loss in the rotor. Thus, it is evident 
that a high inertia inevitably causes a heating problem 
which cannot be ignored. Furthermore, it is impossible 
to reduce the amount of heat to be stored in the rotor 
by any change in the construction of the starting 
winding. 


The temperature rise at the rotor surface can be cili 
culated approximately by assuming the rotor to be a 
simple massive cylinder with heat applied at the surface. 
This gives a result which is independent of any method 
of construction of the starting winding and serves to 
indicate the limiting condition. The results may be 
modified empirically to make them fit the actual con- 
struction more closely. In this connection it is found 
that due to the rapid rate of heat generation, the 
conduction of heat into the rotor iron is the most im- 


Fic. 6—1200-Hp., 


MIN. 
Motor, Direct-CONNECTED TO CENTRIFUGAL COMPRESSOR 


3600-Rev. PER SYNCHRONOUS 


portant means of keeping the winding cool, special 
ventilation being of little value. In case several start- 
ing cycles occur in succession, sufficient time must be 
allowed for redistribution of the heat generated in order 
to prevent undue accumulation and local heating. 


SYNCHRONOUS ‘CHARACTERISTICS 


The synchronous characteristics of the two-pole 
motors are similar to those of lower-speed salient-pole 
machines. Since the amount of excitation required by 
any synchronous motor increases with the number of 
poles, the excitation required by two-pole synchronous 
motors is, of course, very small. For example, a 2500- 
hp. 0.9-power factor 3600-rev. per min. motor requires 
only 18.5 kw. Efficiencies of about 94.5 per cent have 
been obtained for 1250-hp. rating, and about 95.5 per 
cent for 3000-hp. rating, while slightly higher figures 
apply to larger sizes. Windage losses, which are in- 
cluded in calculating the efficiency, account for these 
results not equalling those of lower-speed machines. 


APPLICATION 


Several large two-pole synchronous motors have been 
built within the past five years, and these are operating 
successfully. The range of application, however, so 
far has been quite limited. This is due in part to the 
constant speed limitation of the synchronous motor, 
and possibly to the fact that very little information has 
been published on the design, construction, and operat- 
ing characteristics of motors of this type. 

In sizes smaller than 800 to 1000 hp. at 3600 rev. per 
min., the synchronous motor hardly competes with the 
squirrel-cage or the wound-rotor motor, unless the need 
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of power-factor improvement justifies a higher first cost. 
With increasing size, the comparative cost of the syn- 
chronous motor improves, and this brings it into con- 
sideration for drives requiring greater power. Wound- 
rotor induction motors of several hundred horsepower 
at 3600 rev. per min. have been built, and such motors, 
in sizes up to 2000 or 3000 hp., have been considered. 
Their application, however, depends upon the solution 
of the problem of handling large currents at the collec- 
tor rings. 

For large capacities the choice is limited, therefore, to 
the synchronous motor, the squirrel-cage induction 
motor, and the steam turbine. As the power factor of 
induction motors is always substantially below unity, 
large ones must be supplemented by corrective devices 
to make them comparable with synchronous motors. 

As nearly as we can ascertain, at the present time the 
largest two-pole, 60-cycle synchronous motor in opera- 
tion is rated for 2550 hp. This, however, does not 
represent the limit of sizes that can be built with the 
present construction. Designs have been made for a 
7000-hp., 60-cycle motor and a 4000-hp., 1500-rev. per 
min., 25-cycle motor. 

In most of the processes to which a two-pole motor 
could be applied, the suitability of a constant-speed 
drive must be determined by the requirements of the 
individual installation. The two-pole synchronous 
motors now in service are used to drive centrifugal gas 
boosters, or centrifugal air compressors, in connection 
with sewage disposal or copper refining processes. 


OPERATING CHARACTERISTICS 
Since the two-pole synchronous motors are of large 
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ratings and necessarily have low reactance, it 1s im- 
portant to design the control equipment to start and 
accelerate the motor with the lowest possible inrush of 
current. Considering only the motor, full-voltage 
starting might be used, since these motors are capable of 
withstanding a direct short circuit. The long end turns 
of the stator coils (Fig. 7) are tightly blocked to prevent 
movement, and severe factory tests have failed to dis- 
close any injury to the coils after repeated short circuit 
at full voltage. However, the limitations of the power 
supply usually require reduced-voltage starting, and 
frequently make it advisable to use two reduced voltage 
steps, approximately 45 per cent and 70 per cent of 
rated voltage, before applying full voltage to the stator. 

Fig. 8 shows the torque-speed and current-speed 
curves of a 1500-hp., 3600-rev. per min., 60-cycle motor, 
based on the use of a two-step reduced—voltage starter, 
together with a typical torque-speed curve for a 
centrifugal compressor with the discharge gate closed. 
Although the shape of the torque-speed curve of the 
motor may be modified to give lower break-away 
torque and higher torque at intermediate speeds, this 
change would result in a greater starting current. 
The motor torque curve is therefore made to correspond 
roughly with the load requirements by means of starting 
connections as shown in Fig. 9. 

The neutral point of the auto-transformer is closed by 
switch C. After closing the line oil circuit breaker F 
and the compensator breaker E, a voltage approxi- 
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mately 40 per cent of normal is applied to the motor 
through switch A, which connects the motor to the taps 
of the auto-transformer. After accelerating to about 
70 per cent of synchronous speed, breaker A is opened 
and breaker B is closed, increasing the voltage to 
approximately 70 per cent of line voltage. If the blower 
load is not too great, the motor may be synchronized at 
this voltage by applying d-c. excitation to the field. 
The transfer to full-line voltage is made with the 
Korndorfer connection, by which an interruption of 
power is avoided. The compensator neutral is opened 
and the running breaker closed before opening the 
compensator breaker. During the first tap change, in 
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which power is momentarily interrupted, the transient 
inrush following the voltage change is considerably 
reduced by the reactance of the auto-transformer. 
However, when changing to full voltage it is desirable 
to maintain the circuit. Otherwise a high current 
might flow, limited only by the transient reactance of 
the motor. When the compensator neutral is opened 
before closing the line breaker D, there is practically no 
change in the voltage across the motor terminals. 
The upper section of the auto-transformer, serving as a 
series reactor, limits the voltage to the same value, or 
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Fie. 9—SmARTING CONNECTIONS FOR Two-PoLE SYNCHRO- 
Nous Motor, usine Two ComMpPpENSATOR TAPS, WITH KORN- 
DORFER CONNECTION FOR THE TRANSFER TO FuLL VOLTAGE 


even a slightly lower value, than that previously ob- 
tained with the neutral point of the compensator 
closed. Ifthe motor is synchronized before transferring 
to full voltage, it becomes essential when making this 
transfer to avoid opening the circuit. If power were 
interrupted, the motor speed would drop so quickly 
that the motor would probably be unable to re-syn- 
chronize, even though the interruption were only for 
half a second. 

When changing to full voltage by using two taps of 
the compensator and the Korndorfer connection, the 
current drawn from the line can usually be limited to 
about 300 per cent of the rated current of the motor. 
In most installations of large two-pole motors, the limi- 
tations of the power supply require approximately this 
restriction of the motor current when starting. 

Where such restrictions are not necessary and a high 
starting current is permissible, the use of a series re- 
actor provides a simpler and less expensive control 
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because it reduces the number of oil circuit breakers and 
eliminates many of the interlocks and relays required for 
the two-step auto-transformer starter. In Fig. 10 
will be found a study of starting characteristics of the 
1500-hp. motor with a two-step reactor starter. These 
curves are based on the use of 15 per cent external 
reactance, which is reduced to 8 per cent when the motor 
reaches 70 per cent speed. The torque-speed curve 
is generally similar to the corresponding curve of Fig. 8 
representing starting characteristics with compensator 
starting. The line current, however, is considerably 
higher. Except in locations where an exceptionally 
large power supply is available, this fact would probably 
rule out the reactor type starter. 

The accelerating duty required of a 3600-rev. per min. 
motor is generally quite severe and requires careful 
calculation. The rotor of a two-pole motor, whether 
synchronous or squirrel-cage, is physically smaller than 
that of a lower-speed motor of equal horsepower. With 
a given amount of heat to be dissipated in the rotor, the 
temperature rise is necessarily greater. Ordinarily 
the motors are started only once a day, or even less 
frequently, but provision should be made for repeated 
starting under emergency conditions. Where the 
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CHARACTERISTICS OF Two-PoLE SyNcHRONOUS MOTOR WITH 
Two-Step Reactor STARTER; AND TORQUE-SPEED CHARAC- 
TERISTIC OF CENTRIFUGAL COMPRESSOR 


driven machine is a centrifugal air compressor, or a gas 
compressor of average design having approximately 
2 lb-ft.? inertia per horsepower at 3600 rev. per min., 
motors can be designed to start twice in succession without 
dangerous heating of the rotor or the stator. The time 
interval required to retard the motor and the compressor 
allows some cooling as well as distribution of the heat 
between two complete starting cycles. 

Due to the unusual torque characteristics of the motor 
just below synchronous speed, as previously described, 
the synchronizing is easily accomplished in spite of the 
high inertia of the average centrifugal compressor. If 
a rotating machine is to be pulled into step from a 
sub-synchronous speed, its kinetic energy must be 
increased by an amount corresponding to the difference 
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in speed, and this energy must be supplied in a time 
corresponding to less than one-half cycle at slip fre- 
quency. It is therefore important to reduce this slip to 
a minimum, to insure proper synchronizing and to 
limit the peak of the current inrush. Since the two- 
pole synchronous motor will develop approximately 
full-load torque when running as an induction motor 
at 99 per cent speed, the centrifugal compressor load 
can be accelerated to a slip of about one-half of one 
per cent, and the change from induction-motor opera- 
tion to synchronous operation is made with very low 
current inrush. 

The use of a synchronous motor on any essential 
machine where an outage of a few minutes may be 
serious immediately raises a question regarding the 
operation of the motor under unusual conditions such 
as momentary loss or dip of line voltage, or failure of 
excitation voltage. With suitable torque charac- 
teristics, the synchronous motor can be arranged to 
continue operation after a momentary loss of a-c. power, 
but the control must be supplemented by additional 
devices to accomplish this result. 


In general, if due to a momentary voltage drop 
a synchronous motor falls more than a few per cent 
below synchronous speed, it will not re-synchronize 
upon return of voltage. However, if the d-c. excita- 
tion can be removed and the oil circuit breaker in the 
armature circuit remains closed, the motor can re- 
synchronize, provided the squirrel-cage torque at sub- 
synchronous speeds is sufficient to carry the load. The 
characteristic curve of the 1500-hp. motor, if plotted on 
the basis of 100 per cent voltage, would show approxi- 
mately 150 per cent torque at 98 per cent speed, and 
130 per cent torque at 75 per cent speed. Thus the 
torque near synchronous speed is sufficient to enable the 
motor to accelerate, upon return of full voltage, and 
re-synchronize with full load on the driven machine. 


If the field excitation is lost, the two-pole synchronous. 


motor can operate for a very limited time as an induc- 
tion motor without overheating. Continued operation 
without excitation is not possible with the present 
designs. The use of these motors for essential service 
consequently requires a dependable source of direct 
current for excitation or an alternative source to which 
a transfer can be made quickly. 


If the motors are designed to operate at leading power 
factor, then, in addition to the advantage of power 
factor improvement, an increase in maximum synchro- 
nous torque is obtained. The pull-out torque is in- 
creased from approximately 150 per cent of full-load 
torque, for unity power factor operation, to 200 per cent 
or more for motors operating at 0.8 leading power factor. 
With 200 per cent available torque at rated voltage, the 
motor can carry full load momentarily with line voltage 
as low as 50 per cent of normal. 


CONCLUSION 
The problems involved in the design and application 
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of two-pole synchronous motors have been outlined so 
as to indicate the applications for which these motors 
are best adapted, and also to indicate their limitations. 
It is believed that there are other possible uses to which 
these motors have not yet been applied, and it is hoped 
that this paper will contribute to an understanding of 
the field of usefulness of the two-pole synchronous 
motor. 

The authors wish to acknowledge their indebtedness 
to W. F. Dawson, under whose supervision these motors 
were developed, and by whom material for the intro- 
duction has been contributed. 
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RADIO FADING IN THE BROADCAST 
RANGE 


As reported in the T'echnical News Bulletin an inves- 
tigation has been conducted by the Bureau of Standards 
to determine the factors contributing to the phenome- 
non known as fading. Special apparatus used in con- 
junction with radio receiving sets makes it possible to 
secure graphic records of increase and decrease of signal 
strength. This apparatus, sufficiently sensitive to 
indicate variations smaller than the ear can detect, 
was used with receiving systems employing different 
types of antennas to analyze the manner in which the 
waves transmitted arrive at the receiving antenna. 

The factors which may cause variations in the inten- 
sity of radio waves are complex, and critical study of 
fading has suggested some explanations. 

Graphic records of a single selected transmission were 
made using receiving sets identical except for the anten- 
nas. The antenna systems used in the course of the 
investigation were (1) vertical antenna, (2) coil antenna 
directed toward the station being received, (3) coil 
antenna with planes at right angles to the direction of 
the transmission path, (4) combination of coil antenna 
and vertical antenna connected so as to eliminate waves 
received directly from the station. Simultaneous 
records were made using two receiving sets with differ- 
ent types of antennas. 

Examination of data from simultaneous measure- 
ments made respectively, with a vertical antenna and 
a coil antenna in maximum position, indicated that for 
stations 165 to 1500 km. distant the same sort of 
fading occurred simultaneously in both antennas, but 
that for stations 13 to 53 km. distant similar fading 
characteristics did not occur simultaneously. 

More detail concerning these phenomena will be 
the subject of a future paper. 


Lightning Arrester Problems 


New Light from Klydonograph Studies 
BY A. L. ATHERTON* 
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Synopsis.— T his paper outlines the present status of lightning 
arrester application on transmission lines and suggests future in- 
vestigations to determine the most effective design and method of 
application. Information from klydonograph tests is presented to 


MS valuable information has been gathered in 
the last few years on the over-voltages which 

occur on transmission lines. This information 
has led to some radical changes in ideas of themagnitude 
and frequency of dangerous voltages. Simultaneously 
it has given a reasonable basis for determining the need 
for lightning arresters, their design, and their proper 
application. 

Most of the definite information on surge values has 
been obtained by means of the klydonograph developed 
in 1923 by J. F. Peters,! who conceived the idea of 
using the Lichtenberg figures to measure surge and 
hghtning voltages of transmission circuits in service. 


INSTRUMENT -MONTHS TEST 


100 
LINE. VOL TAGE 


Fic. 1— DISTRIBUTION OF LIGHTNING INVESTIGATIONS BY LINE 


VOLTAGE 


The figures had been known for years and Pedersen? had 


shown that the speed of formation is almost incredibly - 


rapid. Peters recognized in this speed of formation 
one of the characteristics required in a surge-recording 
device. He learned, furthermore, that the size of 
figures varies with the voltage and that the character 
of the figure indicates the polarity. Subsequently 
he conceived and developed the klydonograph. 
The device has now been in rather widespread use 
for four years. Much information has been gathered 
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8how that lightning arresters are needed on both high-voltage and low- 
voltage lines. It 1s suggested that present practise in both design 
and application has limitations which may be overcome with the 
result of better protection which will be economically justified. 


and this information has been made public and dis- 
cussed freely.’ 


MEASUREMENTS OF LIGHTNING VOLTAGES 


Klydonographs have been used in 27 investigations 
intended to give information as to lightning voltages. 
The total of instrument-months’ records is 8381. The 
distribution by voltage of line is indicated by Fig. 1, 
which shows that attention has been directed mainly 
at the higher voltages. The results are summarized 
in Fig. 2. 

PERFORMANCE OF ARRESTERS 


There have been 16 tests to record and measure the 
performance of lightning arresters as indicated by dis- 
charge current values, with a total of 61 instrument- 
months’ record. 

In these installations, record has been made of the 
voltage from line to ground at the arrester terminals 


MAGNITUDE OF SURGES IN KILOVOLTS 
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Fic. 2—SuMMARY OF LIGHTNING VOLTAGE RECORDS 
and of the current flow through either one phase of the 
arrester or through all three phases combined. About 
the only fact that stands out definitely is that, based on 
double line voltage, or 3.5 “‘times normal" as the lowest 
surge value requiring operation of the arrester, the 
operation is what would be expected. 


MEASUREMENT OF SWITCHING SURGES 


In the tests to determine lightning voltages, records 
have been secured as to switching surges. The results 
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show that no voltages are extremely high, very few are 
high enough to be dangerous at all, and that these are 
of such short duration as to make them of no serious 
importance. 


DANGEROUS OVER-VOLTAGES OCCUR INFREQUENTLY 


Perhaps the most outstanding of the changes in 
ideas indicated by these results is that dangerous 
voltages occur onlyinfrequently. Before these data were 
available, the general idea was that there might be 
several hundred dangerous voltages in a season at any 
point on the system, and that a lightning arrester, 
to be effective, should operate as many times. This idea 
was doubtless mostly the outgrowth of observation of 
those early forms of arresters which were adjusted after 
installation so that they would spark over as often as 
the attendant thought proper. A little consideration 
of probabilities, however, will show this conception to 
be wrong, and that the klydonograph findings referred 
to above were inevitable. Fig. 3 illustrates this. 
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Fic. 3—SkrTcH ILLUSTRATING PROBABILITY OF DANGEROUS 
Circuit VOLTAGES DUE To LIGHTNING 


The outer circle represents the area under observation by the Weather 
Bureau Station and the shaded band represents an area !4 mi. each side of 
the line over which the cloud discharge must take place to give rise to a 
dangerous voltage. 


Direct strokes are known to be rare and the only possi- 
ble source of frequent disturbances would be induced 
charges. The circle of influence of a cloud has been 
shown by Norinder? and Peek: to be of hardly more than 
one-fourth mile radius. If we assume a generous 
average of 20 discharges in the clouds during a storm 
under the radius of perhaps 100 sq. mi. within the 
observation of the Bureau Station, the probability of 
any discharge taking place in a location to influence 
any one circuit to a dangerous extent is possibly one in 
three. This will be reduced further by the variation in 
induced voltage even for cloud discharges directly over- 
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head, and for any one point on the line by the decrease 
in voltage due to resistance and corona losses, the effects 
of lightning arresters and line flashover, etc., as the wave 
travels. Bureau records show, for the Middle Atlantic 
States for example, an average of not more than 50 
thunderstorm days per year. Then the number of 
dangerous voltages per year at any point should not be 
expected to average more than 5 or 10. 


LIMITATION IMPOSED BY LINE INSULATION 


A second point of significance is the almost control- 
ling part played by line insulation in determining the 
results secured, and this seems likely to have the 
greatest influence on lightning arrester practise. Again, 
considering 3.5 times normal or doubleline-voltage value 
as the minimum surge requiring arrester operation, 
two-thirds of all the dangerous voltages caused line 
flashover. Ninety per cent of the voltages above 
seven times normal (four times line-to-line value) 
caused flashover. This is shown by Table I, which 
makes a comparison between (a) lightning surges 
requiring arrester operation which caused flashover 
and (b) those which did not cause flashover, based on 
average number of surges per station per year. 


TABLE I 
TIMES NORMAL 


3.5 to 4.9| 5 to 6.9 | 7 to 9.9 | Over 10 


— 


Lightning surges which caused 


— 


flashover................... 1.46 0.75 1.18 0.51 
Lightning surges which did not 

cause flashover.............. 1.11 0.64 0.2 0.0 
Per cent which did not cause 

flashover.....0.0........... 13.3 45.6 14.4 0 


Several thoughts are suggested by these figures. 
If it is granted that the voltage transmitted along the 
circuit after a flashover is so brief and of such small 
energy content as to be reduced to a safe value by trans- 
mission over a short distance and by the various electro- 
static capacities within the station, then the protection 
afforded by lightning arresters is limited to one-half of 
those surges within the range of 3.5 and 6.9 times nor- 
mal and one-tenth of the higher surges. Any tendency 
toward increasing line insulation to reduce flashover 
naturally increases the dependence on and need for 
lightning arresters. 

Moreover, in concentrating them at the stations, we 
may not be using our arresters to the best advantage. 
This practise certainly limits the real benefits to 
approximately one-third of all the possible cases of need; 
and to make matters still worse, it concentrates this re- 
maining sphere of benefit in the least necessary cases,— 
those which exceed line voltage by the smallest amount. 


Present practise is based on the thought that a light- 
ning arrester can do no good toany apparatus more than 
a few hundred feet away, and that any project to 
protect the line or to reduce line-insulator flashover by 
protective devices is hopeless. This is not necessarily 
true. Records over a relatively long period of time 
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have shown in one case at least that on a long line flash- 
over is noticeably reduced for a distance of approxi- 
mately two miles on each side of the lightning arresters. 
To determine the benefit empirically one or two instal- 
lations have been made of arresters a mile or so apart 
along aline. To be sure, if such a scheme is to be at all 
practical, the arresters must be radically different from 
those we now know; at least for high-voltage service. 
But arresters for such use may be of relatively small 
capacity and can be designed to absorb and dissipate 
the energy of the surge so that transmission along the 
line is practically prevented and protection is auto- 
matically rendered to the stations. 

Thus it might develop that by directing our protec- 
tive efforts toward to the line rather than to the stations, 
we could add to the present benefits some reduction in 
line-insulator flashover with little or no increase in 
over-all cost. 

The demonstrated limitation by line insulation 
suggests that the station and line insulation must be 
coordinated to insure so far as possible that troubles 
occur where the damage will be least. 


SWITCHING SURGES 


The fact that the switching tests have shown that 
dangerous voltages are not to be expected from switch- 
ing operations makes a rather radical change in our 
conception of the function of lightning arresters. Ithad 
previously been felt that lightning arresters are required 
for protection against both lightning voltages and those 
voltages arising from switching. Arresters have been 
recommended and used in some cases for the protection 
against such voltages when actual lightning voltages 
are not anticipated or are so infrequent as to fail to 
justify the installation of any protective equipment. 

All arresters have been made with special provision 
for easy paths between lines to take care of such 
voltages. This use of four elements connected in 
"multiplex", or the similar use of an interconnection 
between phases at the neutral point of the arresters, 
introduces some disadvantages of reduced factor of 
safety against abnormal conditions, and is now known to 
be unjustified, since the compensating advantage of 
shorter paths between lines is not required. Since this 
information has been secured, general practise in light- 
ning-arrester design has changed and three independent 
elements connected from line to ground are now 
used. Since at least 90 per cent of all arrester failures 
are known to be due to some overvoltage condition, and 
since this change increases the factor of safety against 
overvoltages, it is to be expected that this is a very 
tangible benefit of the tests. 


INDICATIONS AS TO THE NEED FOR ARRESTERS 


With first thought, the facts above set forth might 
seem to indicate that the need for protection has been 
over-stressed and that the use of arresters might be 
reduced or discontinued with safety. This, however, is 
not a safe conclusion as there are several cases on 
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record in which the addition of lightning arresters has 
made reductions ranging from 80 per cent to 95 per cent 
in lightning failures of apparatus for entire systems. 
These are all at relatively low voltages, (below 33 kv.,) 
since the number of installations at high voltage on any 
one system is too small to yield a dependable average. 

If it may be assumed that these cases establish the 
justification of arresters at the lower voltages, the 
klydonograph results add something to the conception 
as to the need for arresters at the higher voltages.. 
First, it is established that dangerously high voltages 
do occur even on the high-voltage lines. Second, the 
fact that line insulation sets the upper limit of surge 
voltage reduces the low-voltage and high-voltage 
problems to close similarity for the most severe case. 
Third, so far as the data indicate, dangerous voltages 
occur as often on high-voltage as on low-voltage lines. 

Because of the lack of klydonograph data at the lower 
voltages, no final conclusion may justly be drawn, but 
the indications thus far are that arresters are needed 
as much at high voltages as at low voltages. 


ARRESTERS OPERATE AS PER LABORATORY RESULTS 


The tests on lightning-arrester operation have 
demonstrated one point which previously, in one sense, 
has been inferred only. In the laboratory it is not 
possible to make complete tests on high-voltage 
arresters at high current owing to limitations in the 
amount of energy readily available and complica- 
tions introduced into the measuring circuit by the 
large mechanical extent of the required testing equip- 
ment. Tests have been made to demonstrate that 
within the range which can be measured accurately, 
the characteristics of the sectionalized type of lightning 
arrester are directly proportional in voltage to the num- 
ber of sections in series. This is as would be expected 
and the industry has continued making and using very 
high-voltage arresters beyond the range which has been 
definitely tested, on the basis that this relation holds 
throughout. Our assurance of this assumption is 
increased by the facts that the arresters have operated 
whenever the voltage recorded was high enough to 
warrant an operation and that the current values have 
corresponded closely with what would be expected from 
the voltages and the characteristics of the line. 


THE PRESENT PROBLEMS 


If these tentative conclusions are correct, then, 
although we may justify lightning arresters as now made 
and used, present practise limits their possible useful- 
ness to a small fraction of the cases of real need. There 
is grave doubt as to whether the field of usefulness can 
practicably be extended to cover all the need, but this 
doubt is far from being a certainty. There can be no 
justification for failing to attack the problem even 
though the chances of success may seem slight, since the 
possible gain is so great and since no alternative has 
proved to be effective. 

Two possible approaches suggest themselves: (1) 
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extension of empirical trials in service, and (2) deter- 
mination of the basic data necessary to evaluate the 
possibilities. Both, it seems, should be tried. 

The extension of the trials of arresters at intervals 
along the line has in its favor that it will begin to secure 
some results immediately and that it will stimulate the 
design and development effort necessary to make the 
scheme practicable. Against this plan is the fact that 
there is some expense involved and that it is far from 
certain that it leads to the final solution. 

The approach by study of conditions deserves favor 
in that it will ultimately point to the correct solution. 
Against this are the facts that it will be very expensive 
and that it will require some years to make the tests, 
after which schemes for connection must be developed. 

As valuable as the klydonograph has been, it appears 
that it is not going to give us all we need to solve the 
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lightning problem. Voltage-time relations for lightning 
voltages must be determined and it may be necessary 
to eliminate the flashover limitation by over-insulation 
of some test circuit before the final answer is secured. 

The cathode ray oscillograph opens the way to begin 
this phase of the problem; in fact, the work is already 
under way onasmallscale. But very much broader tests 
are required. Data should be secured simultaneously 
in many locations distributed over that part of the 
country where transmission is required and where 
lightning troubles are likely. The efforts should be 
coordinated and the results gathered together for 
recording, analysis, and dissemination. This work 
cannot be left to one unit of the industry or it will not 
be done. It is a problem for the whole industry and 
requires the coordinated effort of operators and manu- 
facturers alike to solve it. 


Abridgment of 


An Amplifier to Adapt the Oscillograph 


to Low-Current Investigations 
BY SIGMUND K. WALDORF: 


Associate, A. I. E. E. 


Synopsis.— There has been need in several fields of electrical 
engineering research for a means to study time relations, wave forms, 
and similar phenomena where only infinitesimal currents are ob- 
tainable. The limitations and advantages of several possible 
methods of investigation are compared briefly, and the conclusion 
reached that the ordinary oscillograph can be most profitably 
adapted to such work. 

The best form of vacuum tube amplifier for the work is then dis- 
cussed, followed by a description of the steps taken in the design of a 


INTRODUCTION 

HE ordinary type of oscillograph, operating on the 
D'Arsonval principle, has proved of great value in 
many fields, but the currents required to give 
workable deflections are so large as to restrict its use to 
cases where the available currents are greater than 
approximately a twentieth of an ampere. To obtain 
fairly large deflections, about a tenth of an ampere is 
necessary for alternating currents and almost a fifth 
for continuous currents. For low-current investi- 
gations where the currents are less than these values one 
must look around for other means or apparatus to meet 
the requirements. The cathode ray oscillograph or the 
Einthoven string galvanometer might be mentioned, 
but they have several serious limitations for engineering 
problems for which the usual type of oscillograph has 
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suitable resistance coupled amplifier. This amplifier is then 


described. 

The results of tests showing quality of reproduction are given in 
the form of oscillograms and a characteristic curve. The recom- 
mended procedure to be followed and the necessary precautions to be 
observed in the use of the amplifier are given with a short discussion 
of the abilities and possibilities of the oscillograph in its widened 
field of usefulness. 


desirable characteristics. For combined sturdiness, 
ease of operation, transient recording, simultaneous 
multiple recording, and general utility, the oscillograph 
far surpasses these other instruments. 

Thus it has been thought worth while to adapt the 
oscillograph to small currents by means of a suitable 
vacuum tube amplifier. Such amplifiers are in common 
use for many purposes, so that their various forms and 
principles of operation are now widely known. The 
particular problem in this case was to obtain perfect 
reproduction over the entire frequency range of the 
oscillograph, a requirement calling for the careful 
selection of the proper circuit and careful subsequent 
design and construction. An amplifier circuit utilizing 
transformers cannot be expected to give perfectly equal 
amplification of all frequencies over a wide range. 
This can be predicted from theoretical considerations 
and has been shown experimentally in the unpublished 
effort of another investigator using a resistance coupled 
amplifier with a transformer in the output circuit. The 
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purpose of this transformer was to obtain sufficient 
oscillograph current without requiring excessive plate 
current from the output vacuum tubes. 

With this in mind, the resistance-capacity coupled 
and the straight resistance coupled amplifiers are the 
only ones that can be expected to give faithful ampli- 
fication over a wide range of frequencies; so these are 
the only two seriously considered here. The resistance 
coupled circuit was the only one found to be entirely 
satisfactory for all frequencies for which the oscillo- 
graph can be used, and it has the additional advantage 
that it amplifies continuous currents as well as alter- 
nating. Therefore the amplifier which has been built 
and is described in this paper will meet all fre- 
quency conditions for which the oscillograph is 
applicable. 

THE AMPLIFIER 

Extensive tests with a two-stage resistance-capacity 
coupled amplifier indicated that this type of amplifier 
circuit would not give perfect reproduction over the 
desired range of frequency, so a plain resistance coupled 
amplifier was designed and built according to the 
plan of Fig. 6. 

This plan for the amplifier has the input impressed 


on the grid of a Western Electric 102-D tube and the ` 


plate circuit of this tube acting on the grids of six 
Western Electric 104-D tubes with their grids, fila- 
ments, and plates connected in parallel. The oscillo- 
graph element is connected directly into the combined 
plate circuit of these 104-D tubes. As no transformers 
were to be used anywhere in the circuit because of 
possible distortion, the 102-D tube was chosen for the 


Six 104-D Tubes 


first stage for its high amplification factor, and the 104- 
D tubes in parallel for the second stage for their high- 
current output at relatively low plate voltage. The 
power requirements of both these types of tubes are not 
exceptional and can be handled easily. 

The added plate resistor of 16.3 ohms was found 
necessary to help straighten the characteristics of the 
104-D tubes. As it must carry as much as a quarter 
ampere, it is made of No. 24 B. & S. double cotton- 
covered advance wire, wound non-inductively on a 


WALDORF: LOW-CURRENT INVESTIGATIONS 


595 


wooden spool. A further aid in straightening the 
characteristic is the potential divider arrangement of 
the two incandescent lamps in series across the tube 
filaments. When under operating conditions the 
maximum plate current is drawn from each tube, the 
plate current is of the order of seven per cent of the 
normal filament current. If all this flows into the 
filament at one end there will be excessive heating of the 
filament at this end. There will then exist an appre- 
ciable change of the filament temperature with change 
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in plate current, causing an irregular amplifier charac- 
teristic. Providing two parallel paths for the plate 
current reduces this effect to a minimum by giving a 
more even division of the current between the two ends 
of the filament. 

Using a potential divider of two 200-watt, 120-volt, 
Mazda C lamps as shown actually considerably 
improved the operation of the amplifier. Of course 
besides having the described effect, these lamps are 
additional resistance in the output circuit, thus serving 
a double purpose. The lamp resistance varies with the 
applied voltage, but with the constant filament voltage 
of 4.5 volts maintained, their combined series resistance 
was found to be fixed at about 15 ohms. 


TESTS OF REPRODUCTION 


Under all possible conditions the performance of an 
amplifier must necessarily be the criterion of its 
worth. This particular amplifier has been tested under 
a number of differing conditions and has been found to 
have excellent properties. 

As the amplifier is to work with the oscillograph, all 
tests were made considering the combination as a single 
unit designed to record low-current phenomena. The 
conditions on the oscillograph, as well as those on the 
amplifier, were kept under close observations. For all 
tests the tensions on the oscillograph elements were kept 
at five ounces, and when observations were made, the 
galvanometer field current on the oscillograph was kept 
at the rated saturation value of 0.35 ampere or slightly 
above. 

Resistance coupling is a d-c. amplifier circuit and 
permits of taking a static characteristic curve. This 
was done, and the result is given in Fig. 7, the 
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sensitivity of the output oscillograph element being 40 
milliamperes per centimeter deflection. As can be 
seen, straight line reproduction is obtained for grid 
potentials between zero and — 3.2 volts, with a total 
change of oscillograph deflection of 5.2 centimeters. 
With a grid bias of — 1.6 volts on the input, operation 
takes place in the middle of this range. In tests 
where the input wave form is unknown, the amplitude 
is kept well within these limits so that any peaks present 
will not be distorted by being beyond the straight 
portion of the curve. 

To test the quality of reproduction of the amplifier 
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with alternating currents it is necessary that the 
input wave form be recorded as well as that of the out- 
put, and that the input as indicated by the input 
oscillograph element be absolutely the same as that 
impressed on the amplifier input. To attain this, a 
high-grade laboratory resistance box was placed in 
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series with the oscillograph element recording the input 
current and the amplifier input connected to the termi- 
nals of this box. The amplitude of the input wave was 
regulated by variation of the current through the input 
oscillograph element, and that of the output wave by 
variation of the value of the series resistance across 
which the input was connected. 

In the tests of reproduction, a resistance E, was 
inserted in the input grid circuit and was given values 
from zero to 105,000 ohms. If the grid currents were of 
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the same order of magnitude, or even somewhat smaller 
than the currents to be amplified, there would be dis- 
tortion introduced when the grid circuit impedance is 
made very high. The effect of this grid impedance is 
not noticeable for any values within these limits. The 
oscillograms shown are with this high resistance in- 
serted. This amount was used because the author was 
most interested in the behavior of the amplifier when the 
currents to be amplified are of the order of five to ten 
mjcroamperes, or larger. With these small currents, 
the necessary circuit resistance to be inserted to obtain 
proper input grid potential variations is about of the 
stated value. If it is desired to amplify currents 
smaller than this, or the available voltage variation is too 
low to give good oscillograph amplitude, a third stage 
identical with the 102-D stage and acting on this stage 
with the necessary change of grid bias may be placed 
on the amplifier. Under such conditions the input 
voltage variation need be only little more than a third 
of a volt and the amplified currents possibly of the 
order of a microampere for maximum amplitudes. 
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Figs. 8 and Fig. 9 show the quality of reproduction of 
the amplifier with a sine wave impressed. The straight 
lines on these figures are the zero lines of the input 
voltages; no zero lines were taken on the output. The 
amplitudes of the output waves are five centimeters, 
which is about the limit for perfect reproduction. 

Fig. 10 shows the reproduction of an a-c. wave with 
ripples present on the peaks. Fig. 11 shows a fairly 
smooth wave taken at a higher frequency where the 
wave forms of the cycles vary. The amplitude on 
Fig. 10 is four and a half centimeters between opposite 
peaks; that on Fig. 11 is four centimeters. 

Fig. 12 is of special interest, as this is a record of a 
transient phenomenon of very irregular wave form. 
As the form of the wave was unknown when the record 
was being made, the amplitude of the light spread of the 
oscillograph was widened by increased resistance, 
across which the input was connected until it was about 
four centimeters. This allowed ample room on the 
straight portion of the amplifier characteristic for any 
peaks that might have been present and not apparent 
on the stationary ground glass scale. Then the film 
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was exposed and the record obtained. The arrow 
points to a short oscillation which occurred and which 
was reproduced very well. As this oscillation is at 
about 4500 cycles per second and is amplified satis- 
factorily, it is indicated that the amplifier will take care 
of all conditions which the oscillograph itself can 
handle properly at the higher frequencies. 

A careful study of these tests shows that the amplifier 
described gives identical reproductions and that 
it is competent to extend the range of the oscillograph 
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down to five or ten effective microamperes at one 
effective volt on alternating current, or slightly higher 
voltage on direct current. 


APPLICATION 


A few words should be said concerning the actual use 
of the amplifier. It is believed that it has been reduced 
to its simplest possible form and that apparatus requir- 
ing the operator’s attention is at a minimum. The 
observations and tests described have been made with- 
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out difficulty by a single operator. The ordinary care 
exercised in the use of the oscillograph and of vacuum 
tubes should be sufficient for the proper operation of the 
combined amplifier and oscillograph. 

An, instance of the usefulness of the amplifier is given 
in Fig. 14, which is a test made to observe the com- 
mutator ripple of a high-voltage d-c. generator when 
shunted by condensers. Some research was in progress 
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for which it was desirable to determine what could be 
done to remove the ripple of a 15,000-volt machine. For 
observation of the ripple, the oscillograph was the 
logical means, but as the oscillograph ordinarily 
requires about a tenth of an ampere for such indications, 
it is difficult to obtain and handle resistance for this 
current and voltage to be placed in series with the 
oscillograph element. So a suitable resistance taking 
about three milliamperes at the given voltage was con- 
nected across the generator and the amplifier input 
connected to a four-dial resistance box in the tail circuit. 
For this work a negative input grid bias of about three 
volts was used and the input so connected as to make the 
input potential more positive for increased applied 
voltages. The distance between ''1" and “2” on Fig. 14 
represents 5800 volts. In this manner the oscillo- ` 
graphic study was made very easily at a number of 
different voltages with the amplifier, which otherwise 
would have been very troublesome. 


CONCLUSION 


It was the purpose of this work to develop a simple 
and convenient method for making oscillographic 
studies of high-voltage and low-current waves and simi- 
lar phenomena—one which could be depended upon to 
give perfect reproduction of very small currents, pre- 
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serving them in their true phase relations as well as in 
form. It is felt that this has been accomplished and 
that the amplifying oscillograph, if the combined ampli- 
fier and oscillograph may be so called, should prove a 
useful instrument in electrical engineering research. 
The oscillograph, already valuable in a wide field, has 
now had its range extended down to currents of about 
ten microamperes or less. 

The author wishes to acknowledge his indebtedness 
to the Department of Electrical Engineering of the 
Johns Hopkins University for the use of its apparatus 
and of its laboratory, where this development has been 
accomplished. He also wishes to express his apprecia- 
tion to those at the University who have shown interest 
in the progress of the work and who have made sugges- 
tions from time to time. 


Abridgment of 


Electrophysics 


ANNUAL REPORT OF THE ELECTROPHYSICS COMMITTEE* 


To the Board of Directors: : 


The personnel of the Committee and its general 
policies have been practically the same as during the 
preceding Institute year, so that this report is essen- 
tially a continuation of the last year's report. A steady 
endeavor has been made during the year to connect 
some practical engineering problems with the achieve- 
ments and efforts of modern physics, both experimental 
and mathematical. In these endeavors we have been 
materially assisted by the two liaison representatives 
of the American Physical Society, authorized by the 
Board of Directors in 1927. As a further step in the 
same direction, the Committee arranged for a general 
lecture on The Nature of the Electric Arc, which was ably 
delivered by Professor K. T. Compton at the 1927 
Summer Convention in Detroit. 

The success of this lecture led to an authorization of 
another lecture at the 1928 Winter Convention. The 
subject of this lecture was The Earth's Electric Charge, 
and it was delivered by Dr. W. F. G. Swann of the 
Bartol Research Foundation. This lecture was also 
quite successful, and as a result a lecture on geophysics, 
by Dr. C. A. Heiland, has been scheduled for the forth- 
coming convention in Denver. The Committee recom- 
mends that a lecture on some topic in “‘border sciences,” 
such as physics, chemistry, mechanics, or mathematics, 
be scheduled at all our large conventions, as a stimulus 
to young engineers in fostering the progress of the art 
and as a preventative against in-breeding. In particu- 
lar, for the next Winter Convention, the Committee 
suggests a topic on spectrum analysis in application to 
the constitution of the stars. During such a lecture, 
much of the latest progress in the atomic structure 
could be explained on a specific problem. 


ELECTRICAL DISCHARGES IN GASES 


Disruptive Discharges. A simple relation for deter- 
mining the voltage across a spark-gap during the course 
of breakdown has been given, but the constant entering 
into this relation has been found to vary widely under 
different conditions of test. (Toepler, Mueller, Arch. f. 
*COMMITTEE ON ELECTROPHYSICS: 

V. Karapetoff, Chairman, 


O. E. Buckley. Vice-Chairman, 
Carl Kinsley, Secretary, 


V. Bush. C. L. Fortescue, R. A. Millikan, 

F. M. Clark, A. Hund, C. A. Nickle, 

W. D. Coolidge, W. B. Kouwenhoven, J. Slepian, 

W. F. Davidson, K. B. McEachron, Irving B. Smith, 

J. F. H. Douglas, J. B. Whitehead. 
Liaison Representatives of American Physical Society 

W. F. G. Swann A. P. Wilis 


Presented at the Summer Convention of the A. I. E. E.' Denver, 
Colo., June 25-29, 1928. Complete copies upon request. 


Elektrotech.). Cathode ray oscillographic study of 
spark-gaps also gives results incompatible with the 
Toepler spark constant (Tamm, Arch. f. Elektrotech.). 
Photographs of incompleted sparks indicate the need 
for modification of the Townsend sparkover theory 
for high voltages at atmospheric pressures. (Torok, 
A. I. E. E. JL., Mar. 1928). The distortion of the 
electric field by a space charge in the early stages of the 
formation of the spark may be important (Loeb, 
Journ. of Franklin Inst.). Whether negative ions are 
generated near the cathode by collisions of positive 
ions with gas molecules, or by radiation acting photo- 
electrically upon the cathode, has actively been debated. 
(Taylor, Townsend, Phil. Mag.). Experiments on 
“three-point spark-gaps'' favor the photoelectric action. 
(Morgan, Thomson, Phil. Mag.). Lowering of the 
sparking potential under sustained high-frequency 
applied voltage has been observed. (Reukema, 
A. I. E. E. JL., Dec. 1927). 

Corona. Further studies on the mechanism of 
corona, bringing out the part played by space charges, 
have been made (Carrol & Lusignan, Peek, A. I. E. E. 
JL., Dec. 1927). A quantitative theory giving excellent 
checks with observations has been developed for the 
d-c.corona. (Holm, Arch. f. Elektrotech.) 


Arcs. There has been great interest in the theory of 
the electric arc. The possibility of arcs with cathodes 
too cold for thermionic emission is being accepted. 
Application of the heat balance method of determining 
the proportion of current carried by electrons from 
the cathode does not agree with the thermionic theory 
of the cathode. (Compton, A. I. E. E. JL., Nov. 1927). 
In applying the heat balance method, the experimental 
results of Van Voorhis (Phys Rev.) on the heat of 
neutralization of positive ions are important. The 
view that electrons are drawn from the cathode by 
very high electrostatic gradients maintained by space 
charges is being favored (Compton, Prince, A. I. E. E. 
JOURNAL, July 1927). In this connection, however, 
Rosario (Journ. of Frank Inst.) describes experiments 
casting doubt on the ability of electric fields, of the 
order of magnitude here postulated, to draw electrons 
from a cold cathode. 


FERROMAGNETISM 


Among the advances which have been made in the 
field of ferromagnetism during the past year are the 
following: 

1. Further studies of the magnetization and mag- 
netostriction of single crystals of iron (Dussler and 
Gerlach) and of nickel (Kaya and Masivama, and 


598 


28-87 


August 1928 


Sucksmith, Potter and Broadway), show the depen- 
dence of these properties on crystallographic direction. 
2. The permeability of iron has been reported in two 
papers (Wait, and Gutton and Mihul) to have no 
peculiarly small value in alternating fields of radio 
frequencies, contrary to the results of Wwedensky. 

3. Magnetic viscosity, the time lag in mangetiza- 
tion, has been investigated experimentally by Lapp. 

4. DeWaard in a mathematical treatment has 
attempted to account for ferromagnetic properties as 
dependent on crystal form and crystal lattice. 

5. Some evidence has been obtained by X-ray analy- 
sis of films of iron in magnetic fields as to the ultimate 
nature of magnetism: T. D. Yensen, Phys. Rev.,Vol. 31, 
April 1928, p. 714. 

6. An X-ray analysis of thin films of electrolytic 
iron gave results supporting the hypothesis of the atomic 
nature of magnetism. A circular X-ray diffraction 
pattern resulting from the randomly oriented minute 
erystals of iron in a film were examined with the film 
unmagnetized and also magnetized. No difference 
in the pattern due to magnetization could be detected, 
a result apparently explicable only on the assumption 
that the fundamental magnetic unit is atomic in 
character. 

7. A notable contribution to the literature of 
ferromagnetism, of particular interest to electrical 
engineers, is T. F. Wall's book on Applied Magnetism. 

8. A new method of obtaining strong magnetic 
fields has been described by P. Kapitza, Roy. Soc. Proc., 
115, Aug. 1927, p. 658. 


RADIO AND ELECTRO ACOUSTICS 


The following were live topics under review during 
the year: 
A. Radio: 

1. Propagation phenomena; effect of solar activity, 
ionized regions, Heaviside layer, etc., on radio trans- 
mission; 

2. Precision measurement of frequency; 

3. Television without wires; 

4. Radio on trains; 

5. Miscellaneous apparatus, such as field intensity 
sets, tube generators, etc. 

B. Acoustic matters: 

1. Super-sonie waves in gases, liquids, and solids;* 

2. Analysis of vowel and other sounds by means of 
technical devices; 

3. Bessel and exponential horns for sound power; 

4. Loudspeaker and receiver tests; 

5. Sound transmission through building materials. 


MAGNETIC AND ELECTROSTATIC FIELDS 
Magnetic field distribution has been studied in 


*By super-sonic waves are meant longitudinal vibrations 
similar to sound waves, but of frequencies much beyond the 
audible range, reaching as high as 400,000 oscillations per 
second and beyond. Some striking effects of such waves, as 
well as practical applications, have been demonstrated by Prof. 
R. W. Wood of Johns Hopkins University. 
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application to various problems in electrical machinery, 
such as reluctance, wave form of e.m.f., pole-face 
losses, inductance, armature reaction, etc. 


An important advance in our knowledge of magnetic 
fields is the work of Dr. Th. Lehmann. In the Revue 
Generale de l'Electricite, Dec. 24, 1927, he discusses the 
effects of pole saturation and interpolar iron on inter- 
polar flux, considering as before the non-lamellar charac- 
ter of the field. The non-lamellar field, also treated in 
some recent articles in the General Electric Review, and 
Electric Journal, is related to eddy-currents, which were 
considered by Roth, Schenkhag, and Strutt. Roth has 
discussed the case of slot-conductors in the Revue 
Generale de l Electricite of Sept. 27, 1927. H. Schenk- 
hag and M. Strutt have discussed the flux distribution 
in. busbar conductors, in the Archiv für Elektrotechnik. 
Dr. E. Weber, in the Archiv. für Elektrotechnik of Nov. 
17, 1927, has reported on the effect of the pole-shoe 
shape on flux distribution and wave form of e. m. f. 
Dr. Th. Lehmann has pointed out a needed modifica- 
tion of the ‘‘Minimum-Reluctance Rule” in computing 
mechanical forces of the magnetic field. 


The electrostatic field of force within high-tension 
transformers has been investigated by Dr. J. Labus in 
the Archiv für Elektrotechnik for Nov. 3rd, 1927. The 
method used was that of the functions of a complex 
variable, and several new cases have been solved. 
W. Wittwer in the Archiv for April 7, 1927, reported on 
a combined mathematical and experimental method, 
by which he has studied the correlation between the 
breakdown strength and the geometrical factor, for the 
cases of insulation bounded by electrodes with sharp 
edges. 


DIELECTRICS 


In view of the existence of a Committee on Electrical 
Insulation of the National Research Council (Professor 
J. B. Whitehead, Chairman) with which the writer of 
the present report has kept in close touch through 
several members common to both committees, the 
activities of the Electrophysics Committee in the field 
of dielectrics so far have mainly consisted in cooperating 
with the other committee. Those interested in details 
of various researach projects and actual investigations in 
the field of dielectrics, should consult the Annual 
Reports of the Committee on Electrical Insulation. 
Among the principal problems under discussion are the 
following: (a) Dielectric phase difference, loss and 
absorption; (b) ionization, polarization and physical 
theories; (c) dielectric strength and breakdown; (d) 
dielectric constant; (e) resistivity and conductivity; 
(f) flashover; (g) physical and chemical changes due 
to electric stress; (h) properties of particular materials 
as related to manufacturing processes; (1) special 
problems on the insulation of communication systems. 

A number of experimental researches on dielectrics 
are being conducted at various universities, as will be 
seen from the following partial list: 
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Harvard University, under Prof. C. L. Dawes— 
“Gaseous Ionization in Impregnated Paper Insulation." 

Massachusetts Institute of Technology, under Prof. 
V. Bush—“The Properties of Papers used for Impreg- 
nated Paper Insulation." 

Johns Hopkins University, under Prof. J. B. White- 
head— "Influence of Variations in Drying and Evacuat- 
ing Processes on the Properties of Impregnated Paper.” 

University of Wisconsin, under Prof. Edward Ben- 
nett—''Relation between Dielectric Losses and Anoma- 
lous Charging Current." 

University of Illinois, under Prof. E. B. Paine,— 
“Ionization in High-Voltage Cables." 

The Johns Hopkins University, under Prof. W. B. 
Kouwenhoven,—‘‘Phase Difference in Air Condensers.” 

University of Wisconsin, under Professor Edw. 
Bennett,—''Properties of Dielectrics.” 

The Johns Hopkins University, under Prof. J. B. 
Whitehead,—‘‘Fundamental Study of Dielectric Ab- 
sorption and of Waxes and Oils.” 

Cornell University, under Professor V. Karapetoff,— 
“Study of Oils used in High-Tension Cables." 

These researches are supported for the most part by 
the National Electric Light Association, Association of 
Edison [Illuminating Companies, the Engineering 
Foundation, or individual public utilities. 


SoME POINTS OF CONTACT BETWEEN ELECTROPHYSICS 
AND ELECTRICAL ENGINEERING 


A pure physicist usually studies whatever interests 
him most, or for whatever problem he has the necessary 
experimental and mathematical equipment. On the 
other hand, an applied physicist, or an engineer working 
on the border line between engineering and physics, 1s 
naturally limited to those topics which promise a more 
or less immediate applieation. The following list 
indicates some of such topics, although undoubtedly 
there are many more not included in it. Itis hoped that 
this list may stimulate some younger engineers to 
undertake further "importation" of methods and re- 
sults from the domain of physicsinto that of engineering. 

Arcs; their theory, spectroscopy, phenomena at the 
cathode, stability, range of voltage, distribution of 
potential. 

Atmospheric Electricity; theory of; methods of 
measurement; prediction of disturbances; thunder- 
storms, aurora borealis, ionized conducting upper layer 
of the atmosphere, the nature of terrestrial magnetism. 

A-c. Bridges; various types, sources of power, 
detectors, inaccuracies, shielding. 

Bushings for Extra-high voltages; theory of stress 
distribution; design, experimental investigation of 
stresses, and safety against flashovers. 

Cables; capacitance, heating, insulation resistance, 
ionization, study of oil and paper, stresses, joints, sheath 
and armor. 

Capacitance; computation of; for lines, cables, plates, 
spheres, antennas, and irregular shapes. Measurement 
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of capacitance in difficult cases; design of condensers for 
extra-high voltages and large capacitance. 

Cathode Rays; their theory, production, measure- 
ments, application to oscillograph, penetration through 
matter, production of X-rays. 

Circuits; general theory of; Heaviside's operational 
calculus; Carson's theories. 

Conduction of Electricity in gases, liquids, and solids; 
fundamental theories, crucial experiments. 

Contact Phenomena; resistance, e. m. f., heating, etc. 

Corona; as a particular case of ionization and con- 
duction in gases; study of the individual layers of 
ionized gas, from the electrode out; space charge, 
mobilities of ions, etc. 

Dielectrics (topics discussed above). 

Discharges; glow, brush, streamers, sparkover; their 
spectroscopy; character of ionization, numerical 
relationships. 

Electromagnetic Theory; circuit equations, propagation 
of disturbances in dielectrics, dispersion; vector calculus 
operators; eddy currents in large conductors. 

Electrometers; uses, theory, improvements in con- 
struction to facilitate setting up and use. 

Electrons and Positive Ions; the fundamental proper- 
ties: mass, charge, velocity, equivalence to a current, 
magnetic and electrostatic fields produced by such ions; 
action of external fields on an ion; relativity correction 
for mass; statistical mechanies of ions and neutral 
particles of matter in a mixture; reflection, ionization, 
diffusion, mobility, space charge; clustering; different 
kinds of collisions; refraction from crystals. 

Fields, Electric and Magnetic; theory of fields, 
mapping out a field experimentally; theoretical plotting 
of lines of force and of equipotential surfaces; extension 
to three-dimensional problems. 

Heat conduction in electric conductors and in | dielec- 
trics; accurate measurement of temperature distribution 
in electrical apparatus; theoretical investigation of 
heat flow in connection with iron loss and dielectric 
loss. 

High-Voltage Tests; development of the technique of 
impressing a voltage of desired magnitude and wave 
form (steady, sinusoidal, impulse, etc.) ane of accurately 
measuring its effect. 

Inductance; measurement and lenit computa- 
tion of, for coils, lines, cables, and conductors of irregu- 
lar shapes; effect of frequency. 

Lichtenberg Figures; a detailed study of their produc- 
tion and properties; development of more sensitive 
figures which would clearly differentiate between the 
magnitude of an impressed voltage and its wave form. 

Lightning Protection; development of laboratory 
tests for lightning arresters under conditions approxi- 
mating actual service; measurement of actual line 
disturbances; production of materials and combinations 
with a smaller time lag, for lightning arresters; valve 
action; effect of a resistance in series with a protective 
device. 
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Measurements of amplification, current, frequency, 
voltage, power, phase angle, resistance, inductance, 
capacitance, time intervals, lengths, etc., when these 
quantities are extremely small, extremely large, of 
transient nature, or have to be observed under difficult 
conditions. Measurement of quantities introduced 
by the modern electronic physics, such as ionic currents, 
quanta, radiations, spectral lines, photoelectric effects, 
etc. 

Oscillations; generation of electric oscillations; suit- 
able circuits; theory of complex oscillations; the matrix 
theory of spectral lines. 

Oscillographs; further development of types to extend 
the present range of usefulness. 

Photoelectricity; theory of; measurement of the 
quantities involved; development of better photo- 
electric cells; new applications of such cells. 

Piezoelectricity; theory, applications, apparatus, mea- 
surements. 

Quantum Theory. This theory is the foundation of 
modern physics, and one not familiar with its premises 
and formulas is cut off from reading most modern books 
and periodicals in physics and from following the 
progress of the art. | 

Spark-Gaps and Sparkovers. Much remains to be 
done in ascertaining the behavior under various condi- 
tions of gas pressure, temperature, and moisture. A 
more rational theory, in terms of electronic ionization, 
photoelectric effect, and space charge is also needed. 

S pectroscopy is proving to be a very powerful tool in 
various physical studies, so that it is of importance for 
engineers to become familiar with its methods, theory, 
and nomenclature, such as band and line spectra, arc 
and spark spectra, relative intensities of lines, super- 
fine structure, terms, series, excitation by collisions and 
by radiations, etc. 

Structure of Matter. In most cases the present 
knowledge of intra-atomic phenomena is insufficient to 
account for the complex phenomena with which engi- 
neers are concerned, making an empirical approach 
unavoidable. Nevertheless, a rapid progress is being 
made in atomic physies, and new methods and con- 
cepts are being introduced, such as quanta, relativity, 
the matric theory, the wave mechanics (Broglie- 
Schroedinger), etc., so that engineers working on the 
border-line of physics should keep posted at least on the 
general trend of the progress, introducing new concepts 
and terminology into their work as much as possible. 

Thermionics; emission of electrons from hot bodies; 
theory and methods of measurement. 

Transient Phenomena; although the theory of many 
transients has been thoroughly investigated, yet there 
are many others of greater complexity or of shorter 
duration, for which we have neither a satisfactory 
theory nor proper recording devices. 

Vacuum Technique. More and more electrical mea- 
surements have to be performed in a high vacuum or 
under reduced pressure, and it is of importance to 
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continue developing pumps, pressure gages, tempera- 
ture and moisture control, elimination of impurities, 
etc., to make such measurements simpler and more 
accurate. 


Waves and Surges along wires and in dielectries 
acquire greater and greater importance both in power 
engineering and in communication work. Their experi- 
mental investigation is for the most part quite difficult, 
for they are transients in time and in space, whereas 
our recording devices are stationery and measure 
transients in time only. The theory of such transients 
is also quite involved and requires a knowledge of some 
new and advanced branches of mathematics and 
physies. Nevertheless, the electrical profession as a 
whole will have to develop experts capable of dealing 
with such problems, and a concerted effort should be 
made without further delay, possibly beginning with 
the best colleges of engineering. 


Wave Mechanics. At the present writing, much of 
theoretical atomic physies is being re-written on the 
basis of the so-called ‘‘wave mechanics,” introduced 
by de Broglie and Schroedinger. If this point of view 
continues to be successful, the next generation of 
engineers may have to deal with concepts entirely 
different from ours. Even such well-established prin- 
ciples as electronic orbits within an atom begin to be 
looked upon as mere abstractions of the human mind 
rather than physical realities. For a general exposition 
of this theory see H. F. Biggs, “Wave Mechanics,” 
Oxford University Press, 1927; K. K. Darrow, The Bell 
System Technical Journal, 1927, Vol. 6, p. 653; W. F.G. 
Swann, Journal of Franklin Institute, 1928, Vol. 205, 
pp. 323 and 519. 


X-Rays. The importance of X-rays in various indus- 
tries increases each year, so that many more electrical 
engineers should become familiar with the theory of 
these particular radiations, as well as with the handling 
of the apparatus and specimens. Moreover, X-rays 
are proving to be a powerful means of studying the 
structure of matter, and the constitution of the atom, 
particularly in its inner parts adjacent to the nucleus, 
which latter remains the least known part of the atom. 

VLADIMIR KARAPETOFF, Chairman. 


The water of indoor swimming pools can be kept 
completely sterile by exposure to the rays of ultra- 
violet electric lamps, according to a series of tests 
recently carried out by the Detroit Athletic Club. It 
was found that the rays not only killed all germs in the 
water, but that they did not add color, taste or irritating 
qualities to the water. 


Health experts and sanitary engineers have long held 
to the theory that bodily contact with germs usually 
found in pools unexposed to the sun's rays is little less 
dangerous than drinking impure water. The new 
application of ultra-violet lamps promises to do away 
with this hazard.—Utility Bulletin. 
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Instruments and Measurements 
ANNUAL REPORT OF THE COMMITTEE ON INSTRUMENTS AND MEASUREMENTS: 


To the Board of Directors: 


The Committee on Instruments and Measurements is 
at present studying several pertinent phases of electrical 
measurements through standing subcommittees as 
follows: 

1. Measurements of Variable Power and Large 
Blocks of Energy 

2. Dielectric 
Measurements 

3. Measurement of Non-electrical Quantities by 
Electrical Means 

4. High-Frequency Measurements 

5. Remote Metering 

The present status of these is as follows: 


VARIABLE POWER AND LARGE BLOCKS OF ENERGY 


This subject was covered in the report of the com- 
mittee for 1925-26. Additional matter for future report 
is being collected by the subcommittee under the 
chairmanship of T. E. Penard. 


DIELECTRIC POWER LOSS AND POWER FACTOR 


This subject was covered by a symposium at the 
Niagara Falls Regional Meeting of the Northeastern 
District, May 1926. Additional matter is submitted 
in the following report by H. Koenig, subcommittee 
chairman. | 

In May 1926, a symposium on dielectric loss and 
power-factor measurements was held at Niagara Falls. 
The symposium was called for the purpose of recording 
the then well-known methods of taking such measure- 
ments, probably as the first step toward standardizing 
such tests. : 

It is a difficult matter, of course, to determine just 
how effective this work was. It was the feeling 
of those who presented papers describing the various 
methods of making dielectric loss and power factor 
measurements that there was little hope of standard- 
izing on any one method. The symposium did serve, 
however, to clear the atmosphere about these measure- 
ments and to point out the advantages and disadvan- 
tages of each method. It was also indicated at that 
time that a scheme for calibrating and checking the 
various methods now in use would beof great advantage. 


*COMMITTEE ON INSTRUMENTS AND MEASUREMENTS: 
Everett S. Lee, Chairman. 


Power Loss and  Power-Factor 


O. J. Bliss, F.C. Holtz, Wm. J. Mowbray, 
P. A. Borden, I. F. Kinnard, T. E. Penard, 

W. M. Bradshaw, A. E. Knowlton, R. T. Pierce, 

H. B. Brooks, H.-C. Koenig, E. J. Rutan, 

A. L. Cook, W. B. Kouwenhoven, G. A. Sawin, 
Melville Eastham, E. S. Lee, R. W. Sorensen, 


W. N. Goodwin, Jr., E. B. Merriam, H. M. Turner. 
Presented at the Summer Convention of the A. I. E. E., Denver. 
Colo., June 25-29, 1928. Complete copies upon request. 


Since the symposium, there have been two known 
advances in the line of checking dielectric loss equip- 
ments, particularly in the tests of underground cable. 
The first is the calorimeter method which was brought 
out in the discussion at the symposium by E. S. 
Lee of the General Electric Company. The second is 
the use of standard loads which have been developed 
at the Electrical Testing Laboratories. To thebestof the 
Committee’s present knowledge, the only checking by the 
calorimeter method has been done by the General Electric 
Company in their own laboratories. A paper entitled 
A Thermal Method of Standardizing Dielectric Power 
Loss Measuring Equipment, by Messrs. J. A. Scott, H. 
W. Bousman, and R. R. Benedict, was presented at the 
Baltimore Regional Meeting of the Middle Atlantic 
District, April 1928, describing further comparisons 
using this method. 

During the spring of last year, a set of standard loads 
developed at the Electrical Testing Laboratories was 
used in an intercheck covering ten cable factories in the 
eastern part of the country. The result of this inter- 
comparison was very satisfactory and it is hoped that 
some time in the near future a paper covering the tests 
will be written. 


All other developments have been along the line of 
improving the technique of making measurements 
rather than the introduction of new circuits or methods. 
Neither has there been any further effort along the 
lines of standardizing on the method of testing. 

Numerous articles have been published in some of the 
foreign technical magazines covering dielectric loss and 
power-factor measurements. No new methods have 
been suggested nor have radical changes been made in 
the methods in use in this country. 

The importance of proper shielding in making dielec- 
tric power loss measurements is becoming more gener- 
ally realized. A paper presented by C. L. Kasson! at 
the Pittsfield Regional Meeting May 1927, emphasized 
the necessity of proper shielding. The subcommittee 
is planning to hold a symposium on this subject in the 
spring of 1929 dealing with the general subject of shield- 
ing both in dielectric power lossand other measurements. 


NON-ELECTRICAL QUANTITIES BY ELECTRICAL MEANS 


This subject was reported in a paper by P. A. Borden? 
together with an accompanying bibliography. The 
compilation of the bibliography has been continued 
by Mr. Borden, a second supplement having been 


1. High-Voltage Measurements on Cables and Insulators, 
A. I. E. E. Trans., Vol. XLVI, 1927, p. 635. 
2. A. L E. E. Trans., Vol. XLIV, 1925, p. 238. 
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published with the report of the Committee on In- 
struments and Measurements for 1926-27. A third 
supplement of the bibliography is included in the 
full report. 

A study of the range of subjects in this bibliography 
shows the ever-increasing extension of the measure- 
ment of non-electrical quantities by electrical means. 
The number of the articles being published at present 
on this subject are too extensive for Mr. Borden to 
continue their compilation. Instead, a series of papers 
or lectures on the various subjects involved will be 
presented before the Institute. The lecture by Dr. 
C. A. Heiland on ''Geophysical Methods of Prospect- 
ing" given at the Summer Convention, Denver, 1928, 
Is the first of this series. 


HIGH-FREQUENCY MEASUREMENTS 


This subject was thoroughly treated in a symposium 
at the Pittsfield Regional Meeting of the Northeastern 
District, May 1927, a résumé of which was given in the 
report of the Committee on Instruments and Mea- 
surements for 1926-27. Due to the wide interest 
in this subject and the rapid change in technique it was 
thought desirable to have a member act as liaison 
officer with the I. R. E. Committee on the Determina- 
tion of Cireuit Constants. The I. R. E. Committee has 
prepared a list of references containing the various 
types of measurement and in addition has developed 
new methods particularly with reference to the measure- 
ment of inductance of several hundred henries such as 
found in audio frequency transformers and choke coils 
both with and without superposed direct current. 
The report of this work is to be published. Professor 
H. M. Turner, subcommittee chairman, has been active 
in this work. 


REMOTE METERING 


The following report prepared by E. J. Rutan, 
subcommittee chairman, gives the results of answers to 
questionnaires relative to the present status of this 
subject. 

The Instrument and Measurements Committee sent 
out questionnaires for the purpose of obtaining informa- 
tion on remote metering equipment now in use. "These 
questionnaires were sent to a number of representative 
electric power companies, railroads, manufacturers, and 
publie utility holding companies located both in this 
country and in Canada. From a total of 108 inquiries, 
76 replies have been received as listed in Table I: 

The purely electrical remote metering systems, as 
reported in the replies in group “A,” can be classified 
into the ten distinct systems given in Table II. 

Referring to a paper on the Automatic Transmission of 
Power Readings, by B. H. Smith and R. T. Pierce, 
presented at the Midwinter Convention in Philadelphia, 
February 1924, it will be noted that the first seven types 
of systems listed in Table II were described in that 
paper. In the discussion that followed, the thermal 
converter type was also mentioned. The two systems 
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TABLE I 
| Number of 
Group Classification Replies 
A Electrical Transmission of Electrical Measure- 
IBCDUs uua ep ek hd LE DK S re E 31 
B Electrical Transmission of Mechanical Measure- 
NOMS 2n ance esc yii ereptus m EE 10 
C Remote Metering Equipment in Use, no Data 
VOR PE EE E E A alae aoe Aiea E 3 
D Prospective Users of Remote Metering Equip- 
Ment rss disse Peeks oe eas a Aas f 6 
E No Remote Metering Equipment in Use....... 26 
Total us eso o diet Ro e^ ds 76 


not mentioned in the paper are not necessarily new. 
The contact integration system was mentioned in five 
replies and the impulse condenser was mentioned 
in two replies. Judging from the replies to the ques- 


Inverse Current 9. 
Current 10. 


Contact Integration 
Thermal Converter 


TABLE II 
CLASSIFICATION OF REMOTE METERING SYSTEMS 
l. Voltage 6. Potentiometer 
2. Impulse , 7. Frequency 
3. Position (induction) 8. Impulse Condenser 
4. 
5. 


tionnaires, no new fundamental remote metering devices 
or systems have been developed since the presentation 
of the paper by Messrs. Smith and Pierce. The systems 
described in that paper will be given only a brief general 
description here but the other three systems will be 
described more in detail. 

An attempt has been made to give an idea of the 
characteristics of operation and the accuracy of each 
method as it was reported. This was done in spite of 
the fact that nearly all of the users of remote metering 
equipment were compelled to report the performance 
of their systems under widely varying conditions. 
Certain systems whose inherent characteristics render 
them inaccurate due to interference from outside 
sources, can be made more reliable by the proper instal- 
lation and shielding of the transmission line. It may 
also be noted that while the transmitter is often suf- 
ficiently accurate the receiver chosen to operate with it 
necessarily limits the accuracy of the system. This may 
cause the reported accuracy to be low, while a more 
accurate receiver would result in a more favorable 
reply. The importance of this point is evident when 
it is realized that many systems are classified according 
to the type of transmitter used without reference to the 
type of receiver. It is evident, then, that more definite 
information is needed to reconcile many of the appar- 
ently contradictory replies. 

No attempt has been made to summarize the first 
cost and maintenance as no definite figures were given, 
and the replies received were evidently based upon the 
correspondent’s limited knowledge of only a few of the 
systems in use. 


1. Voltage. In this system the voltage supplied to 


* 


604 


the receiver is varied by a potentiometer which is 
operated by an instrument measuring the quantity 
desired. Some types are varied by a Kelvin balance or 
relay type graphic meter. "The indications are trans- 
mitted over supervising wires, pilot wires, or pressure 
wires, to a voltmeter type indicating, or graphic, meter. 

The chief advantage of this system is its simplicity. 
Obvious disadvantages are its sensitiveness to changes 
in line resistance and the necessity for close regulation 
of the supply voltage. 

A few companies reported the reading of voltage 
directly over distances from a few hundred feet to two 
miles. 

2. Impulse. This method seems limited to watthour 
type meters in which impulses proportional to the 
speed of the meter are sent out to receivers where 
polarized relays actuate an escapement. Dhals geared 
to the escapement record, the power being measured. 

This method has the advantage of being positive in its 
action and quite independent of line conditions. The 
distance over which this system may be used seems to 
have no definite limit, the greatest reported distance 
being 200 miles. The receiver is a modified d-c. graphic 
milliammeter with a damping device to absorb the 
impulses. The reported accuracy seems to range from 
"fair" to plus or minus 1 per cent of full scale 
deflection. 

3. Position. This method employs two similar 
a-c. induction motor units in which the rotor of the 
receiver closely follows the movements of the rotor of 
the transmitter. 

This system is very simple and requires little or no 
attention. It is also very reliable, positive in action, 
and comparatively independent of line conditions. The 
line resistance limits the distance over which operation 
is possible, the limiting resistance being about 3000 
ohms. 

This method has the disadvantage of requiring five 
wires for operation. It is also reported that the trans- 
mitter needs a powerful operating torque, thus making 
it necessary to use more powerful instruments. It is 
sometimes necessary where a number of large receivers 
is connected together, to make use of power amplifying 
relays and motors. 

The reported accuracy of this system as given by one 
manufacturer is 2 per cent of full scale deflection. 

4. Inverse Current. This method makes use of a 
motor operated rheostat, controlled by the indicating or 
recording meter, which simultaneously adjusts the 
circuit resistance and the counter torque on the instru- 
ment. The receiver is a recording or indicating am- 
meter which receives current inversely proportional to 
the load. 

An outstanding advantage of this method is the ease 
with which any number of indications may be totalized 
by connecting the rheostats of each meter in series. 
The resultant current is then inversely proportional to 
the total load. 
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The chief disadvantage lies in the complicated design 
and wiring necessary. The precision is also reported 
as being low, or only fair. 

5. Current Balance. This method is similar to the 
inverse current method except that the rheostat is 
connected to a Kelvin balance type of meter and the 
resultant current is directly proportional to the load. 
The receiver may be an inverted transmitter or an 
indicating or recording ammeter. 

These instruments may be placed in parallel and the 
totalized current is then proportional to the total load. 
This method seems quite widely used, 9 replies reporting 
satisfactory operation of this system. One manu- 
facturer reported 31 users of this system, five of whom 
replied to the questionnaire. Seven users of method 
reported transmission distances of at least 3 mi. and up 
to 24 mi. 

The accuracy appears to be good, some stating that 
it depends on the choice of a receiver. 

6. Potentiometer. The potentiometer type may also 
consist of a Kelvin balance type meter which controls a 
motor operated rheostat, but in this case it is the line 
voltage which is varied. The receiver may consist of 
motor operated rheostat controlled by a contact making 
voltmeter; or as reported in one letter, a milliammeter 
s used. 

One of the advantages of this system is that the cal- 
ibration is not materially affected by a change of line 
resistance. Another advantage is that a telephone 
line may be used for transmission. This method was 
reported in use on lines up to 56 mi. in length. The 
accuracy is reported as “fair” and probably depends 
on the choice of equipment. 

7. Frequency. This is a complex system in which a 
Kelvin balance type of meter is made to control the 
frequency of a small a-c. generator. At the receiving 
end a frequency meter is used, calibrated to read load 
power. "This system is easily adapted to totalize any 
number of readings. The control of apparatus may also 
be effected. 

This system does not seem suitable for customer 
installation due to its complex nature, involving as it 
does elaborate apparatus and requiring constant at- 
tention. When used by a company that uses and dis- 
tributes large blocks of power over considerable dis- 
tances, the excellent results that are obtained would 
seem to warrant its installation. 

8. Impulse Condenser. In this novel system, contacts 
on several meters are momentarily made to connect a 
condenser to a charging circuit, and the receiving in- 
struments perform a measurement upon the rate of dis- 
charge of this condenser through a resistance. This 
system was used over lines 314 mi. long. 

The accuracy of this system seems to be low. The 
information received for this method is meager, but little 
seems to be said in its favor. 

9. Contact Integration. 'This system may consist 
of contacts operated by a watthour meter, wherein the 
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total number of contacts made over the system is 
totalized on a recording instrument, or the contacts 
made by demand meters are recorded at one point 
on one instrument. The greatest reported distance of 
transmission was 5 mi., but this range may be extended 
by the use of suitable relays. 

The accuracy of this method seems to depend upon 
the type of transmitters and receivers and the amount 
of local interference. Accuracies from one to two and 
one-half per cent were reported. 


This system apparently gave satisfactory service in 
four out of five reported cases, while the fifth correspon- 
dent reported a failure due to induction from a nearby 
high-voltage line. 

10. Thermal Converter. The important unit in this 
system is known as a thermal converter; and consists 
of two heating elements so connected to the instrument 
current and potential transformers that the temperature 
difference of the two elements is proportional to the 
watts in the metered circuit. Thermocouples are 
placed in this converter in such a manner that the 
“hot” junctions are associated with one heating element 
and the cold junctions with the other. The resultant 
thermoelectric potential is proportional to the dif- 
ference in temperature of the two heating elements 
and is therefore proportional to the watts or power in 
the circuit. It was found possible to design the thermal 
converters to give a linear characteristic over the range 
used, and thus allow the units to be connected in series, 
when it is desired to totalize loads from a number of 
sources. 

The accuracy of this method seems to lie in the 
receiver, which is usually a high-grade recording po- 
tentiometer, when accuracy may be of the order of 
one-half of one per cent. Thus, a null method of 
measurement is used practically eliminating any 
possible effect due to changes in line resistance. Indi- 
cations have been transmitted successfully up to 8 mi. 
over telephone and supervisory lines. Other reported 
advantages are the lack of moving parts in the trans- 
mitting unit and the complete reversibility of the con- 
verters. This latter feature permits the use of this 
method on tie feeders where a reverse of power may 
occur. 

This is the only new type of system developed since 
1922 which has come to the attention of the committee. 
Arrangements are being made for the presentation of a 
description of this system before the Institute. 


CONCLUSION 
It is still the feeling of the subcommittee that 
sufficient operational data have not yet been submitted 
to allow conclusions to be drawn as to the accuracy of 
the remote metering systems in use. 


ADDITIONAL SUBJECTS 


In addition to the work being carried on by the stand- 
Ing subcommittees as reported above, there are several 
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other subjects which the committee are working upon 
as the following: 


SYSTEM DISTURBANCES 


There is a growing demand for recording instruments 
for switchboard application to record the variation of 
current, voltage, and power with time during system 
disturbances. In this connection, a symposium was 
held jointly by the, Committee on Protective Devices 
and the Committee on Instruments and Measurements 
at the New Haven Regional Meeting, May 1928, at 
which time two series of papers were presented, one 
describing available instruments for making these mea- 
surements and the other giving the experiences of the 
operators in the use of these instruments. This sym- 
posium was under the direction of R. T. Pierce 
for the Committee on Instruments and Measurements. 
The papers presented under the auspices of this com- 
mittee were: 

Hall High-Speed Recorder, by C. I. Hall 

Pages from the Hall High-Speed Recorder, by E. M. 
Tingley 

Oscillograph Recording of Transmission Line Dis- 
turbances, by J. W. Legg 

High-Speed Graphic Voltmeter, by A. F. Hamdi and 
H. D. Braley. 


REVISION OF ELECTRICAL UNITS 


Following the presentation of Dr. E. C. Crittenden at 
the Summer Convention of the Institute, Detroit, 1927, 
of a paper entitled The International Electrical Units, 
a resolution was presented and passed that the matter 
of the revision of the electrical units should be referred 
to the Committee on Instruments and Measurements 
for their consideration and study. This has been done 
and resolutions have been prepared and transmitted 
to the Board of Directors through the Standards 
Committee, urging the United States Bureau of 
Standards and other foreign national standardizing 
laboratories to undertake the necessary researches to 
eliminate the present discrepancies between the legally 
established electrical units and the absolute units which 
they were intended to represent, and to urge the legali- 
zation of absolute units. 


MEASUREMENT OF ConE LossES IN TERMS OF SINE- 
WAVE CORE LOSSES 


The Committee on Instruments and Measurements 
has been asked to investigate and report on the best 
way to make core loss measurements so that they will 
give accurate sine-wave core losses regardless of the 
wave form employed for excitation. This subject 
is being studied by a working committee under the 
chairmanship of W. M. Bradshaw. 

DISTORTION FACTOR—DEFINITION AND METHOD OF 
MEASUREMENT 

The Committee on Instruments and Measurements 
has been asked to give consideration to the adoption of 
a definition for distortion factor and methods of 
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test, as disclosed in a report of the French Electro- 
technical Commission entitled ‘“‘Methods of Deter- 
mining the Distortion of the Voltage Wave of Alter- 
nators." This matter is being considered by a working 
committee under the chairmanship of W. M. Bradshaw 
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It is but fitting that we recall at this time the con- 
tribution in the past to the work and activities of 
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this committee by J. R. Craighead. Mr. Craighead 
was appointed Chairman of the Instruments and 
Measurements Committee at the beginning of this 
year but he was removed from us by sudden death 
November 22, 1927. In his passing there have been 
lost to us the contributions of an active and energetic 
worker, and the advice and counsel of a scholar. 


EVERETT S. LEE, Chairman. 
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squirrel-Cage Rotors With Split Resistance Rings 


BY HANS WEICHSEL: 


Fellow, A. I. E. E. 


Synopsis.— T he characteristics of a squirrel-cage induction motor 
are investigated when the resistance rings are provided with cuts 
360 electrical degrees apart and the cuts in the front ring are displaced 
against those in the back ring by 180 electrical degrees. 

There i8 given a theoretical investigation which leads to the con- 
clusion that splitting the rings results in an equivalent ring resistance 
which varies with double-slip frequency in the ratio of one to three; 
and the average ring resistance is twice what it was before the rings 


HEN the starting torque of a squirrel-cage 
induction motor is not sufficiently high, the 
remedy often suggested is to divide each resis- 

tance ring into half as many sections as there are poles, 
the cuts in the front ring being displaced by 180 electri- 
cal degrees, against those in the back ring as shown in 
Fig. 1.2 
Such.a squirrel-cage rotor offers a resistance higher 
| 


ungan 


L] + 
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Fic. 1 


than an identical squirrel-cage with uncut rings. 
Below, it will be determined how much that part of the 
squirrel-cage rotor resistance, which is due to the rings 
only, is increased by the cutting. It will be found that 
a squirrel-cage with cut rings offers an average ring 
resistance equal to twice the resistance of the original 
uncut rings. The proof follows: 

Fig. 4 approximates the current distribution in a two- 
pole squirrel-cage rotor with solid rings. 


1. Consulting Engineer, Wagner Electric Corporation, St. 
Louis, Mo. 

2. This scheme was originally suggested by Zieglke, see Electric 
Motors, by H. M. Hobart, p. 314. 

Presented at the A. I. E. E., Regional Meeting., St. Louis, Mo., 
March 7-9, 1928. Complete copies upon request. 
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were cut. The variable rotor resistance effects a periodic fluctuation 
of the line current and rotor speed. The fluctuations have double- 
slip frequency. The theoretical conclusions are checked by tests 
and oscillograme. Test results show that the splitting of the rings 18 
followed by increased rotor leakage, which results in a starting 
torque smaller than that corresponding to the increased resistance 
and original leakage. 


The rotor bar ampere-conductor distribution rotates 
in respect to a fixed point on the rotor with a speed 
corresponding to slip frequency. The shape of the 
distribution remains unaltered. 

If the distance between two adjacent rotor bars is 
ô electrical degrees, and the rotor has an even number of 
bars per pole, the current in the different bars has the 
following values: 


6 
Current in bar I, = Į x sine p 


ô 
Current in bar J, = J X sine ô + 3; ete. 


These equations are vectorially represented in Fig. 3. 
The vectors 1-2, 2-3, 3-4, 4-5 are alike and equal to I 
(i.e. the maximum bar current), and are displaced 
against each other by the angle 6. "These vectors form 
a polygon, the circumference of which approaches 
2Z x I, where Z is the number of squirrel-cage bars 
for one pole. The radius of a circle circumscribing this 
polygon is given by: 

221 Zi 


T7 2m- ^om () 


In Fig. 3 the bar currents are represented by the lines 
2-7, 3-8, 4-9, etc. and are equal to the projection of the 
lines 1-2, 2-3, 3-4, 4-5, etc. on the horizontal diameter 
0-1. 

From Fig. 4 the distribution of currents in the ring 
can be derived. The section A of the ring does not 
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carry any currents at all; section B carries current 
1-3; and section C carries the current J-3 plus 1-2, etc. 
Therefore, the ring current is a maximum where the bar 
current is zero, and the ring current is zero where the 
bar current is à maximum. 

By applying this to Fig. 3, it follows that the current 
in ring section C can be expressed as: 


I. = r cos (90 — y) =rsin y (2) 
where y is the distance, measured in electrical degrees, 
from the center of section C to the center of section A. 


Equation (2) demonstrates that the current distribution 
in the rings follows a sine curve, being zero at the point 
A. As seen previously, the current distribution in the 
bars follows a sine curve, being zero at the point D. 
Points D and A are 90 deg. displaced from each other. 
Therefore, if both curves refer to the same starting 
point, one of the curves is a sine curve and the other is a 
cosine curve. From equation (1) and (2), it follows that 


the ring current at any section y, as a function of the 
maximum bar current J, is: 


ined 3 
gym x Y (3) 


The loss in the ring is at any point proportional to the 
square of the*current and is, therefore: 


E R 
sin? y X $5— "p 


(4) 


The total loss per ring per pole, is the integral of 
RZ TI? 
Ar? 


Equation (4), which is: 


Consequently the losses in both rings per pole pair 
equal: 
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2RZ FP 


T? 


(9) 


Where R = resistance of ring spanning two-pole pitches 
Z = number of squirrel-cage conductors per pole 
Í = effective rotor-bar current per pole = I v 2. 
Figs. 4 and 6 show a two-pole squirrel-cage winding with 
end rings split in the manner described, under the 
assumption that the current distribution in the squirrel- 
cage bars follows a sine law. 

Curve 2-3-4 (Fig. 4) represents the moment the max- 
imum bar current coincides with the slot A in the ring 
No. 1. 

The ring currents in Fig. 4 plotted in a coordinate 
system as a function of space gives Fig. 5. 


rte rit derstredebion for 7 * 907 
Delle fer T *60* 
Delle for T- Jo* 


P dias 
Di stribolton of currents in rings *ror*a 
of Fog. 


Meng corrents beng procveca by bar ompere eordocfor sets, 


Fia. 5 


Conditions change materially for the moment when 
the bar carrying no current coincides with the cut A 
in ring No. 1, as shown in Fig. 6. The only symmetrical 


ring distribution possible with the symmetrical bar 
distribution is that given in Fig. 6, i. e., section F in 
ring 2 must carry the bar current J,. The section E 
carries bar current I. plus J, etc. Finally, section A 
carries the sum of all bar currents of one pole, 1. e., 
I; -- Is - I5 +I +I: +I. 

From this follows Fig. 7, where vectors 1-2, 2-3, etc. 
represent the maximum current in any of the rotor 
bars. Each vector forms with its preceding vector an 
angle ô equal to the displacement of the bars against 
each other. "The current J, in bar No. 1 is given by the 
distance 2-7, and the current 7; in bar 2 is given by the 
vector 3-8, etc., which are equal to the projections of 
the vectors. 1-2, 2-3, etc. on the base line 0-1’. The 
current passing through the ring section F is equal to the 
bar current I.. Consequently. it is given by the length 
2-7 or 1-10 (Fig. 7). The current through the ring 
section E is the sum of bar current J, and I.. Conse- 
quently it is given by the length 1-11, which is the pro- 
jection of the vectors 1-2 and 2-3. 
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The currents in the different sections, A, B, C, D, E, 
and F, plotted as function of their space location, give 
a current distribution in the ring as shown in Fig. 8. 

In Fig. 6 the center of the ring section E is 8 electrical 
degrees displaced against the point G. Consequently, 
in this case 8 = 26. "The ring point D is displaced by 
an angle 8 — 36, etc. In Fig. 7, the angle 8 of Fig. 6 
appears as angle 1-0-3, if the ring section E is under 


consideration; or an angle 1-0-4 if point D is under 
consideration, ete. From triangle 1-0-3, it follows 
that the ring current in section E, which is the pro- 
jection of the vector 1-3 on the base line, is given by: 


Is apenas . COS € (11) 


2 


but from the triangle 1-0—12, it follows that: 
ZI 
Is = r (1 — cos 8) = ——- 1— cos 8) (16) 


This equation gives the ring current in a split ring as 
function of the angle 8 (Fig. 6), which, when plotted in 
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coordinate system, gives the curve of Fig. 8. The 
loss at any point of the ring is obtained by squaring 
equation (16) and multiplying it with the coefficient 
R 
2m ` 


The loss at any point of the ring is, therefore: 


Iek = r? (1 — cos B)? (17) 


2T 
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The total loss per ring is the integral of this equation 
taken between the limits of 0 to 360 deg., which gives: 
ZI 
nape cole 
m 
The losses for both rings per pole pair equal: 
SRZ P 3RZDP.2 | 
Tre o7 o - (a0 
This equation compared with (8) shows that the ring 
loss for a current distribution (Fig. 6) is three times as 
large as the ring loss for a current distribution (corre- 
sponding to see Figs. 4 and 5). 

From the above, it follows that the maximum ring 
current, for a distribution as shown in Figs. 6, 7, and 8, 
18 the sum of all bar currents of one pole; while for the 
distribution shown in Figs. 3, 4, and 5, the maximum 
ring current is only the sum of one-half the bar currents of 
one pole. The ring losses must vary with time as is 
shown in Figs. 4 and 5. In order to determine the actual 
loss in the rings, it is to be remembered that a rotating 
sine-shaped field can be considered as being made up of 
two alternating sine-shaped stationary fields, which are 
located at right angles to each other and with alterna- 
tions of 90-deg. time displacement. Consequently, 
sine-shaped distributed rotating ampere conductors 
(bar currents are under discussion) can be considered 
as being made up of two sets of ampere conductors: 

Set No. 1, whose axis is located as per Fig. 4, i. e., 
the maximum of the ampere conductors coincides with 
the slot A in the ring. 

Set No. 2, whose axis is located as per Fig. 6, i.e., 
it is 90 electrical degrees displaced from the slot A. 

For instance, for Fig. 4 the ring current distribution 
in space is given by Fig. 5. For the time T = 0, it has 
been assumed that the current is zero; for the time 
T = 90 deg., the current distribution has reached its 
maximum; and for the time T = 30 and T = 60, the 
distributions lie between the two mentioned extremes. 

For the ampere conductors set No. 2 of Fig. 6, the 
ring current distribution varies with time as per Fig. 8, 
which shows this distribution for the time T = 0, 
T = 30, and T = 60 deg. For the time T = 90 deg., 
the current distribution is zero and is equivalent to the 
base-line of Fig. 8. For reasons of symmetry, the 
current distributions in rings No. 1 and No. 2 must have 
the same general shape. However, the current distri- 
bution in ring No. 1 must be displaced 180 electrical 
degrees against the current distribution in ring No. 2, 
since it is seen that the current in ring No. 1 is zero at 
point A and the current in ring No. 2 is a maximum 
at point A. The distributions of rings No. 1 and No. 2 
for a given time instant are given in Fig. 9. 

In reality, the ring distributions as shown in Figs. 4 
and 6 occur simultaneously. Consequently, the re- 
sultant current distributions in each ring must be the 
sum of the currents from Figs. 5 and 9. 

Fig. 10 shows the current distribution of ring No. 2 
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for the time T = 45 deg. For a different time instant, 
the resultant ring distribution has a different shape. 
For T = 0 the resultant distribution in ring No. 2 is as 
shown in Fig. 8. For T = 90 the resultant distribution 
in ring No. 2 is as shown in Fig. 5. 

It must be clearly understood that for any other time 
instant than that illustrated in Fig. 10, the magnitude 
of the ordinates of curves I and II changes, while the 
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relative shape of curves I and II does not alter. On the 
other hand, the shape and the magnitude of curve III 
alters with time. At any instant, the resultant current 
flow in any ring section, —say, for instance, section C, — 
consists of a current due to the current corresponding to 
curve I, (i. e., equal to a), and a current due to curve II, 
(?.e., equal to b). The total instantaneous current inring 
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section C is, therefore, a +b. The instantaneous loss in 
the ring section C is proportional to the square of the 
resultant current, and hence is proportional to (a + b)?, 
the instantaneous current in section C’ is b — a, and 
the loss in this section is proportional to (b — a)*. 
Consequently the combined loss in sections C and C" 
is the sum of the losses in C and C" and is given by: 
2 (a? + b?) (21) 
This equation demonstrates that the sum of the in- 
stantaneous losses in any two symmetrically located ring 
sections equals the sum of the losses produced independently 
in each section by the ring currents a and b. Conse- 
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quently, the total losses in ring No. 2, at any moment is 
equal to the sum of the instantaneous ring losses due to 
currents I and II which leads to a total ring loss ac- 
cording to the equation: 

L=1+2cosa (25) 
The results of equation (25) are graphically represented 


in Fig. 12. It will be seen that the resultant loss in 
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ring No. 2 fluctuates between the extremes of 3 x Li 
and Lı. The time intervals between two successive 
maxima correspond to one-half slip periodicity. 

So far, the losses were derived for the current dis- 
tributions existing in ring No. 2. It was shown that the 
current distribution in ring No. 1, due to bar ampere 
conductor set No. 2, is the same as in ring No. 2, but 
is 180 deg. displaced in space against the distribution 
in ring No. 2, as shown in Fig. 9. 

The ring current distribution in rings Nos. 1 and 2, 
due to the bar ampere conductor set No. 1, are, however, 
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identical in every respect. Consequently the resultant 
current distribution in ring No. 1 is as shown by curve 
3 in Fig. 11, which is identical to Fig. 10 with the ex- 
ception of curve 3 being shifted 180 deg. in space against 
curve 3 of Fig. 10. 

The resultant losses in ring No. 1 must vary in time 
in accordance with the same law as the resultant losses 
in ring No. 2, (see Fig. 13). The losses in rings Nos. 1 
and 2, therefore, reach a maximum at the same time, and 
also reach a minimum at the same time. It can be 
stated that for a given effective bar current, the losses in 
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the split-rings vary in the relation of 3 to 1 and have 
maximum at time intervals equal to one-half slip period- 
icity. In order words, the ring losses fluctuate in time 
with double-slip frequency, (see Fig. 14). 
From equation 25 it follows that the average loss 1 is 
given by: 
(Li + Lj) avg. = 2 L, (26) 
which means that the average ring loss in a squirrel-cage 
with split-rings is two times as large as the losses in an 
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unsplit ring, as long as the effective currents in the bars 
are kept constant, which is equivalent to saying: The 
ring resistance of a squirrel-cage with split rings varies in 
the ratio of 3 to 1 with a frequency of two times slip fre- 
quency. The average ring resistance 1s equal to two times 
the resistance of an unsplit ring. 

Consequently with absolutely constant rotor speed, the 
effective value of the bar currents fluctuates with 
double-slip frequency, which in turn means that the 
rotor torque fluctuates with double-slip frequency. 
Such a condition exists when the inertia of the rotor and 
the driven machinery is very large. When the rotor 
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and the driven machine have infinitely small inertia 
and the mechanical load torque is held constant, the 
slip of the machine must vary periodically and the 
rotor bar currents remain constant in order to produce 
constant torque. 

In practise, the conditions lie between the two 
extremes just discussed; that is, the speed and the 
current change. As a rule these changes will not be 
found very objectionable. 

The higher the average slip, the faster are the torque 
impulses, and the greater is the tendency for the 
machine to run at constant speed. 

An oscillogram of the full-load line current taken ona 
7 Vo-hp., four-pole, 60-cycle, two-phase, 220-volt squirrel- 
cage motor with split rings is shown in Fig. 14. The 
fluctuation in the magnitude of the line current is 
clearly shown in this oscillogram. Fig. 13 shows the 
line current on the same machine, but provided with a 
squirrel-cage without split rings. No fluctuations 
whatsoever are noticeable in this case in the magnitude 
of the line current. 

A brief outline of the test results obtained on such a 
machine is, 
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1. The time interval between two current maxi- 
mums equals 2.06 times the measured slip Hequency 
as compared with the theoretical value of 2. 

2. A plot ofthe kilowatt input per phase and various 
angular positions of the rotors showed that the one with 
cut rings had an equivalent rotor resistance of 2.82 
times the resistance of the same rotor with uncut rings 
as compared with the theoretical value of 3, which 
considers the ring resistance only. 

3. The leakage of a tested machine with cut rings 
was found to be 1.27 times that of the same motor with 
uncut rings and, therefore, the actual gain in resistance 
is offset by this increase in leakage, and tests in this case 
showed a decrease in starting torque. 

4. The beneficial effect of splitting rings as found by 
this test is in the torque per ampere. With split rings, 
the torque per ampere was increased from 1.16 to 1.35. 

5. The maximum horsepower of the tested machine 
is decreased to 78 per cent of the original with uncut 
rings by splitting them in the manner described above. 


RADIO BEACONS 


The radio beacon will inaugurate an epoch of safe and 
regular flying, a research narrative prepared for the 
Engineering Foundation by the U. S. Bureau of Stan- 
dards, Department of Commerce, declares. 

“It is impossible," the Bureau points out, “to ex- 
aggerate the solitude and helplessness of an airplane 
flying in the dense fog. Deprived of all landmarks, 
under incessant strain to maintain equilibrium and 
direction, the aviator must abandon dependence upon 
his senses and navigate by his instruments. It is 
contrary to human instinct to throw overboard the 
testimony of the senses and stake life on an instrument. 
Not every pilot can do it. 

“One instrument tells the pilot his elevation, another 
whether he is turning or flying straight away, and his 
compass indicates his general direction. "They do not 
tell him if he is drifting sidewise due to a eross wind, nor 
at what speed he is traveling because the wind may slow 
him down or speed him up. What 'instrument flying 
has lacked is supplied by the radio beacon. 

“Successful flights have been made up to 135 miles, 
in fog and over hazardous mountain terrain. This 
distance is more than enough to demonstrate the success 
of the system, as it is contemplated that beacon stations 
will be placed not over 200 miles apart, with a straight 
airway between them. They will be supplemented by 
small marker beacons at intervals. A characteristic 
signal from a marker beacon will show on the visual 
indicator aboard the airplane what point is being flown 
over. 

“With the beacon stations in operation throughout 
the country, airplanes in flight will always have the 
beacon signals available to keep them constantly 
informed of their locations. Indeed, when a pilot leaves 
his regular course either accidentally or to avoid a 
stormy area, the radio shows him the way back." 
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Pacific Coast Convention, August 28-31, 1928 


Has Diversified Program 


A varied and comprehensive program is arranged for the Pacific 
Coast Convention of the Institute, which will be held August 
28-31, with headquarters in the Davenport Hotel, Spokane, 
Wash. The technical sessions, inspection trips and social events 
all promise to be excellent. 


TECHNICAL FEATURES 


In the technical sessions a great diversity of live topics will be 
covered including movements of overhead conductors, choice of 
transmission voltages and wire sizes, transmission diagrams, 
system stability, residual voltages, lightning and lightning 
arresters, power-line carrier communication, automatic sub- 
stations, heat flow from cables, cable-sheath corrosion, sphere 
and point-gap calibration, gaseous-conductor lamps, railway 
electrification, mereury-are rectifiers automatic railway signals, 
and electrolytic zine refining. 


A feature will be a lecture on Lichtenberg Figures by Dean 
C. E. Magnusson, University of Washington, on the evening of 
Wednesday, August 29. A film describing transatlantic tele- 
phone service will be shown on Friday evening. 


It is planned also to have two Student sessions held on the 
mornings of August 28 and 30. At these sessions members of 
A. I. E. E. Student Branches will present and discuss papers. 
All institute members are invited to attend. A conference on 
student activities will be held on the evening of August 31 by 
Branch counselors and students of Districts 8 and 9. 


INSPECTION TRIPS 


A number of attractive inspection trips have been planned. 
These trips will be taken at times convenient to the visitors. 
A trip may be made to the Coeur d’Alene district to see the new 
electrolytic zine smelter of The Sullivan Mining Company and 
the Coeur d’Alene mines. This trip is very attractive also 
from the scenic and historic standpoints. 


The Chelan hydroelectric station of The Washington Water 
Power Company, the Great Northern Railway electrification 
through the Cascade Mountains, and the outdoor hydroelectric 
station of the Pacific Power & Light Company at Lewiston, Idaho 
are new points of interest which may be visited. 


In addition there are the Long Lake Station and other stations 
of The Washington Water Power Company, the alternating- 
current underground system in Spokane and the Milwaukee 
Railway electrification. 

ENTERTAINMENT 


Among the recreational events which have been planned are a 
reception and dance on the evening of Tuesday, August 28, and 
a banquet with entertainment on Thursday evening. A golf 
tournament will be played for the John B. Fisken cup. 


The ladies who attend the convention are invited to all affairs 
and special entertainment has been arranged particularly for 
them. This includes drives, teas, card parties and golf. 


Horet RESERVATIONS 


Each member who wishes hotel accommodations should 
request them directly from the hotel management. Rates are 
given below for the Davenport Hotel, which will be convention 
headquarters, and for other hotels within easy walking distance. 


HOTEL ROOM RATES PER DAY 


Single room Double room 


Without With Without With 
Hotel bath bath bath bath 
Davenport..... $2.25-2.50| $3.00—6.00| $3.50—4.00 |$4.50—-10.00 
Spokane ....... 


Coeur d'Alene... | $1.50 up $2.00 up $2.50 up $3.50 up 


RAILROAD RATES 


Regular summer excursion rates are available for travel to 
Spokane. Members should consult their local ticket agents 
about these and other possible reduced rates. 


REGISTRATION 


All who plan to attend are requested to notify the chairman 
of the Registration Committee, as this will be helpful in making 
plans. This chairman is James B. Fisken, of the Washington 
Water Power Company, Spokane, Wash. 


COMMITTEES 


The General Committee which is managing local arrangements 
eonsists of: John B. Fisken, Chairman; M. W. Birkett, D. L. 
Brundige, H. P. Charlesworth, D. L. Huntington, W. S. MeCrea, 
Jr., E. R. Northmore, G. E. Quinan, L. C. Williams, W. L. 
Winter, J. E. Yates, A. C. R. Yuill, and the following chairmen 
of subcommittees as indicated: Program, L. R. Gamble; Entertain- 
ment, G. S. Covey; Hotels, E. R. Hannibal; Transportation, 
D. F. Henderson; Publicity, Richard MeKay; Finance, Bernhard 
Olsen; Registration, James B. Fisken; Golf, J. E. E. Royer; 
Local Trips, Joseph Wimmer; Ladies Entertainment, Mrs. L. R. 
Gamble. 


PROGRAM FOR PACIFIC COAST CONVENTION 
(All meetings held in Davenport Hotel) 


TuEspAvy, AuGusT 28 


9:00 a.m. Registration. 

10:00 a. m. Student Technical Session. 

The Phenomena of the Synchronous Breakdown of 
the Fynn-Weichsel Motor, N. C. Clark, Uni- 
versity of California. 

The Fynn-Weichsel Motor as a Generator, O. K. 
Stigers, University of Utah. 

The Fynn-Weichsel Motor as A Self-Excited A-C. 
Generator, Herman Reise, University of 
Washington. l 

Electrical Characteristics of Neon-Gas Tubes, G. R. 
Crane and E. W. Templin, California Institute 
of Technology. 

Voltage-Ratio Characteristics of Audio-Frequency 
Transformers Determined by the Cathode-Ray 
Oscillograph, P. J. Klev, Jr. and D. W. Shirley, 
Jr., Oregon State College. 

Technical Session. 

Tests on  Sphere-Gaps and Point-Gaps up to 

. 2,100,000 Volts, J. S. Carroll and Bradley 
Cozzens, Stanford University. 


2:00 p. m. 
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8:00 p. m. 


9:00 a. m. 


2:00 p. m. 
8:00 p. m. 


9:00 a. m. 


2:00 p. m. 


6:30 p. m. 


9:00 a. m. 


2:00 p. m. 
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High-Voltage | Gaseous-Conductor Lamps, F. O. 
MeMillan and E. C. Starr, Oregon State 
Agricultural College. 

The Automatic Substation and Its Relation to the 
Electric Distribution System, S. J. Lisberger, 
Pacific Gas and Electric Co. 

The Design of Power Systems for Stability, R. H. 
Park and E. H. Bancker, General Electric Co. 

Reception and Informal Dance. 


WEDNESDAY, ÁuGUSsT 29 


Technical Session. 

The Electrolytic Zinc Plant of the Sullivan Mining 
Company, E. R. Fosdiek, The Washington 
Water Power Co. 

The Great Northern Railway Electrification, E. L. 
Moreland and R. D. Booth, Jackson & 
Moreland. 

Power Supply for Railway Signals and Automatic 
Train Control, C. F. King, Westinghouse 
Electric & Mfg. Co. 

Automatic Mercury Arc Power Rectifier Substations, 
L. J. Turley, Los Angeles Railway Corp. 

Golf Tournament at the Spokane Country Club. 

Address. Lichtenberg Figures, by Dean C. E. 

Magnusson, University of Washington. 


Tuurspay, AvGvusT 30 


Student Technical Session. 

The Effect of Barriersin Insulating Oil, Birney Dysart, 
Stanford University. 

Temperature Rise Due to Eddy Currents in Iron, 
A. F. Betke and D. R. Stanfield, University of 
Southern California. 

Power Factor and Power Rates, H. B. Tinling, 
State College of Washington. 

The Three-Phase Induction Regulator on Unbalanced 
Loads, L. W. Curtis, University of Idaho. 

Technical Session. 

Movements of Overhead Line Conductors during Short 
Circuits, Wm. S. Peterson, Los Angeles, Bureau 
of Power and Light, and H. J. MeCracken, Jr., 
Los Angeles Dept. of Water and Power. 

Economy in the Choice of Line Voltages and Conductor 
Sizes for Transmission Limes, E. A. Loew, 
University of Washington. 

Generalization of Transmission-Line Diagrams, H. 
V. Carpenter, Washington State College. 
Residual Voltages and Currents in Power Systems, 
L. J. Corbett, Pacific Gas an Eleetrie Co. 

Banquet and Entertainment. 


Fripay, AuGust 3l 


Technical Session. 

Power-Line Carrier Telephony, L. F. Fuller and 
W. A. Tolson, General Eleetrie Co. 

Problems in Power-Line Carrier Telephony, W. V. 
Wolfe and J. D. Sarros, Bell Telephone 
Laboratories. 

Carrier-Telephone System for Short Toll Circuits, 
H. S. Black, Bell Telephone Laboratories, 
M. L. Almquist and L. M. Ilgenfritz, American 
Tel. & Tel. Co. 

Technical Session. 

Lightning-Arrester Problems, A. L. Atherton, West- 
inghouse Eleetrie & Mfg. Co. 

High-Voltage Phenomena in Thunderstorms, M. A. 
Lissman, Stanford University. 

leat Flow from Underground Electric Power Cables, 
N. P. Bailey, University of Idaho. 
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Cable-Sheath Corrosion in Creosoled Wood Dud, 
R. M. Burns, Bell Telephone Laboratories, and 
B. A. Freed, Pacific Tel. & Tel. Co. 


8:00 p. m. Film, showing transatlantie telephone service. 
Conference on Student Activities Districts 8 and 9. 


SATURDAY, SEPTEMBER 1 


Inspeetion Trips. 


Regional Meeting in Atlanta, October, 19-31 


Plans are progressing nicely for the regional meeting in 
Atlanta, Ga., which will be held under the auspices of the 
Southern District of the Institute, October 29 to 31. 


There will be four general topics covered in the technical 
sessions; namely, hydroelectric power development, power- 
system operation, communication and textile mills. In addition 
there will be papers and addresses on other subjects including 
dynamo design, radio broadcasting, photoelectric and glow- 
discharge devices, ete. 


Further information will be given in later issues of the 
JOURNAL. 


Opportunity to View Ordnance Tests 


Members of the A. I. E. E. are invited to attend the Tenth 
Annual Meeting of the Army Ordnance Association to be held 
at the Aberdeen Proving Ground, Maryland, Thursday. October 
4, 1928, with opportunity to witness one of the most instructive 
and spectacular military demonstrations in the world. Special 
arrangements have been made whereby they may attend meeting 
from practically any point in the United States at reduced 
railzoad fare, using fare certificates permitting them to purchase 
round trip tiekets at one and one-half times the one way fare. 

These annual gatherings, sponsored by the A. O. A., are purely 
edueational. With the approval of the Seeretary of War and the 
eooperation of the various branches of the Army, guests are 
permitted to witness tests of modern munitions. Aberdeen 
Proving Ground is the great proving ground on the shores of 
Chesapeake Bay, and it may be said that assembled there is the 
most interesting collection of armament—new and old —in this 
country and possibly in the world. Its 35,000 acres afford ample 
spaee to actually fire the huge long range guns, test demolition 
bombs, tank and traetors, and airplane equipment. 

The purpose of these annual gatherings is to acquaint execu- 
tives and engineers of American industry with the latest develop- 
ments in armament should they ever be called upon to produce 
them. The program, beginning at 10 a. m., lasts throughout the 
day and concludes in early evening with antiaireraft firings. 
Details have not yet been announced but there is every indication 
that this year’s demonstrations will exceed in interest any 
previous ones. 

The Army Ordnance Special—a train of sleeping ears-—will be 
operated from New York, N. Y., leaving Pennsylvania Station 
after midnight, October 3rd, and returning by midnight Oetober 
4th. Also several of the regular trains on both the Pennsylvania 
and Baltimore and Ohio Railroads between New York and 
Washington will make special stops at Aberdeen on October 4th. 
Full particulars concerning the special train are obtainable from 
Maj. P. R. Faymonville, Seeretary, New York Post, Army 
Ordnanee Association, 810 Army Bldg., 39 Whitehall Street, 
New York, N. Y. 

Dinner and supper will be served at the Proving Ground. 
Reservations should be made well in advance to the Commanding 
Officer, Aberdeen Proving Ground, Aberdeen, Md., who hopes 
that all Institute members who ean will attend this premier 
exhibition. 
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Profitable and Enjoyable Summer Convention in Denver 


One of the most successful of the Institute's Summer Conven- 
tions was held June 25 to 29 in Denver, Colorado, with head- 
quarters at the Hotel Cosmopolitan. A very fine technical 
program and unusually attractive entertainment were offered to 
the 500 members and guests who attended; also a number of 
committee and business meetings were held. 

Six technical sessions were held at which were presented 19 
papers and 15 Technical Committee reports. A summarized 
report of these sessions and the discussion presented at them is 
given in subsequent paragraphs. 

~ A most interesting lecture on Geophysical Methods of Prospect- 
ing by Dr. C. A. Heiland, Colorado School of Mines, was pre- 
sented on the evening of June 26. Inthe absence of Dr. Heiland 
the lecture was delivered by J. H. Wilson of the Colorado School 
of Mines. 
ANNUAL BusiNEsS MEETING 


The Annual Business Meeting of the Institute was held on 
Tuesday, June 26. A full account of this meeting is given on 
page 540 of the July JounNAL. The report of the Tellers Com- 
mittee made at this meeting is given on page 538 of the June 
JOURNAL. The Institute prizes for papers were announced as 
reported on page 616 of this JouRNar. The presidential ad- 
dress of President Gherardi, presented at this meeting, is pub- 
lished on page 579 of this JoURNAL. 


ENTERTAINMENT 


A most hospitable and enjoyable entertainment program was 
carried out, including trips, social functions and sports. Prob- 
ablv the most remarkable event was the all-day trip on June 28 
which was taken by over three hundred people in private auto- 
mobiles. The round trip was over 130 miles of beautiful moun- 
tains with luneh served on the village green at Idaho Springs. 
A reception on the evening of June 26, a banquet and dance 
June 27, and a theater party June 28, were other high spots. 
At the banquet two lectures were given respectively by T. S. 
Dines, Director of the United State Chamber of Commerce, 
and Dr. A. B. Hulbert of Colorado College. The former spoke 
on the work of the Chamber of Commerce and Dr. Hulbert's 
subject was The Relation of Frontiering to Civilization. 

The ladies attending were kept busy every minute enjoying 
the events named above and also various drives, teas, card 
parties and swimming. 

In golf the winner of the tournament for the Mershon Trophy 
was W. C. Heston. The runner-up was A. C. Cornell. The 
order in which the contestants finished in the other golf events 
was as follows: 

Kickers Handicap 

(1) E. C. Searing, (2) Ray Gheen, (3) E. R. Northmore, 
(4) J. C. Yates, (5) Chas. W. Keller. 

Match Play against Par 


(1) F. P. Ogden, (2) A. W. Wennerstrom. 
Low Gross 


(1) Geo. B. Luther, (2) W. A. Schumacher, (3) A. H.Sweetnam. 
High Gross 


(1) A. M. Lloyd, (2) R. W. Sorensen, (3) E. B. McCabe. 


In the tennis singles tournament the winner was P. H. Hatch 
and the runner-up, E. H. Hubert. No doubles tournament was 
played. 

All who attended the convention were impressed with the 
hospitability of the local members and the very pleasing way in 
which all events were conducted. The Board of Directors at its 
meeting on June 27 adopted a resolution expressing appreciation 
for the highly effective services of the members of the various 
local committees in making and carrying out the plans. Also 
similar resolutions were adopted at the two parallel sessions 
held on June 29. 


DIGEST OF TECHNICAL SESSIONS 


A summarized report of the discussion at technical sessions is 
given in the following paragraphs. The complete discussion 
will be published with the corresponding papers in the TRANS- 
ACTIONS. 


SESSION ON SURGE-VOLTAGE INVESTIGATIONS 
1. Surge-Voltage Investigation on Transmission Lines, W. W. 


Lewis. l 

2. Lightning Investigations on New England Power Company's 
System, E. W. Dillard. 

3. Surge-Voltage Investigation on 140-kv. System of Consumers 
Power Co., J. G. Hemstreet and J. R. Eaton. 

4. Surge-Voltage Investigation on 132-kv. Transmission Lines 
of American Gas and Electric Co., Philip Sporn. 

5. Surge-Voltage Investigation on 220-kv. System of Pennsyl- 
vania Power & Light Co., N. N. Smeloff. 

In discussing these papers J. F. Peters stated that in some 
voltage investigations which he had made a condenser-type 
bushing, with a tap taken from the next-to-bottom condenser 
layer, was used as a potentiometer and the results were entirely 
unsatisfactory due to the high capacitance of the bushing. He 
suggested that too high a capacitance should not be used. 
L. R. Ludwig, in a written discussion, stated that, although the 
cheapness of the insulator-string potentiometer makes it attrac- 
tive for klydonograph measurements, its use is not justified 
because it does not give the accurate results which may be ob- 
tained with the pipe-type or ring-type potentiometer. F. C. 
Hanker explained that, although important information has 
been obtained through the use of the klydonograph, this instru- 
ment does not give data on the time relation of the voltages. 
He stated his company, in cooperation with the Aluminum Com- 
pany of America, is making a lightning investigation by means 
of a portable cathode-ray oscillograph, which will give sufficient 
data to establish the complete wave form of a surge with reason- 
able accuracy. A. O. Austin commented on the value of records 
which take time into account, drawing attention to the fact that 
at the present time we do not know what effect voltage and time 
have on the phenomenon of flashover. M. I. Gross stated that 
some of the data obtained in his experienees seemed to indieate 
a much higher attenuation on lightning surges than the value 
given in the equation in Mr. Lewis' paper. Commenting on the 
same formula, J. H. Foote asked if further investigation would 
not show that the formula should include a term or factor which 
takes wave front into account. He doubted that the equations 
in Mr. Sporn's paper, regarding the effectiveness of choke coils, 
are entirely justified by the data. He claimed that it seems 
illogical to isolate station equipment from the arrester by means 
of a choke coil, as the arrester is usually employed to protect 
station equipment. Harold Michener pointed out that on the 
system of the Southern California Edison Company ground wires 
had not given as satisfactory results as reported in the papers. 
He named several instances in which ground wires had not seemed 
to protect the lines. E. S. Fields called attention to a device 
which has been employed on the lines of the Union Gas and Elec- 
tric Company to eliminate a tripout of the line in case of flash- 
over. In the scheme he mentioned, a standard grading ring is 
installed at the bottom of the insulator string and at the top are 
placed two expulsion fuses instead of the conventional metal 
horn or ring. He declared that this device is very satisfactory. 
for interrupting the arc before the relays have time to operate. 
In discussing ground wires A. O. Austin stated that it might be 
found desirable to sectionalize the ground line and ground it 
through a resistance. Some kind of resistance is needed in a 
ground wire, he said, to absorb energy from the power wires and 
thus decrease the dangerous effects of surges. In answering 
a question by L. L. Perry, W. W. Lewis said that the oxide- 
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film arrester limits the voltage to about 1 kv. per cell to 1.8 
kv. per cell, depending upon the wave front, the higher value 
being for the steepest wave fronts. In commenting on Mr. 
Michener’s discussion, he pointed out that the usefulness of a 
ground wire depends largely on the resistance of the tower 
footing. J. R. Eaton emphasized the necessity of grounding a 
line at the point where men are working on it, stating that he 
had recorded over 35,000 volts at the middle of a span of a 
ground wire which was, of course, grounded at both ends. 


SEssION B—TEcCHNICAL COMMITTEE REPORTS 


Research, F. W. Peek, Jr., Chairman. 
Electrophysics, Vladimir Karapetoff, Chairman. 
Instruments and Measurements, E. S. Lee, Chairman. 
Communication, H. W. Drake, Chairman. 
Production and A pplication of Light, P. S. Millar, Chairman. 
Electrochemistry and  Electrometallurgy, G. W. Vinal, 
Chairman. 

7. Electrical Machinery, F. D. Newbury, Chairman. 

These reports were presented as indicated. No discussion was 
contributed from the floor. 


? 
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Session C—TECHNICAL COMMITTEE REPORTS 


1. Power Transmission and Distribution, Philip Torchio, 
Chairman. 

2. Protective Devices, F. L. Hunt, Chairman. 

3. Automatic Stations, Chester Lichtenberg, Chairman. 

4. General Power Applications, A. M. MacCutcheon, 
Chairman. 

5. Applications to Mining Work, W. H. Lesser, Chairman. 

6. Applications to Marine Work, W. E. Thau, Chairman. 

7. Transportation, J. V. Duer, Chairman. 

8. Electric Welding, J. C. Lincoln, Chairman. 


In referring to the Report of the Committee on Power Trans- 
mission and Distribution, D. W. Roper pointed out that the 
132-kv. oil-filled cable installed in Chicago and New York had 
operated for a year with no electrical failures. He explained 
the origin and prevention of the red oxide of lead which has been 
found on underground cables in certain locations. This oxide, 
he declared, is formed by water seeping on the cable sheath 
through concrete which has not set perfectly. This water 
contains sodium and calcium hydroxides which attack the lead. 
He recommended that concrete used around cables should be 
allowed to set at least a month and that it should be exposed 
during that time to air. He explained that the presence of 
carbon dioxide, as well as air, is quite necessary for the proper 
setting of concrete. In fact he had applied carbon dioxide to 
accelerate the setting. In discussing the same report Harold 
Michener claimed that the subject of conductor vibration 
should be strongly emphasized, both for power wires and for 
ground wires. He stated that his company had eliminated 
vibration by means of dampers or weights hung in the span 
and that he believed that this method is preferable to placing 
an arrangement at the point of contact in order to decrease the 
deteriorating effect of the vibration. In a written discussion 
M. T. Crawford stated that on some lines in the Puget Sound 
Region where lightning is comparatively infrequent and where 
wood poles are used the results of records over three years in- 
dicate that ground wires are not economically justified. 

In a written discussion on the Report of the Committee on 
Protective Devices, K. B. MeEachron outlined the reasoning on 
which the proposed standards for lightning arresters are based. 


‘Session oN HicuH-Sprep Circuit BREAKERS AS APPLIED TO 
ELECTRIFIED RAILWAYS 
1. High-Speed Circuit Breakers, J. W. McNairy. 
2. High-Speed Circuit Breakers for Railway Electrification, 
H. M. Wilcox. 
3. Operating Experience with High-Speed Circuit Breakers, 
B. F. Bardo. 
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4. Arrangement of Feeders and Equipment for Electrified 
Railways, R. B. Morton. 

5. Protection of Electric Locomotives and Cars to Operate with 
High-Speed Circuit Breakers, E. H. Brown. 

6. The High-Speed Circuit Breaker in Railway Service, W. P. 
Monroe and R. M. Allen. 

In diseussing Mr. MeNairy's paper, F. C. Hanker questioned 
the statement that in neighboring communication circuits the 
induced voltage from railway systems will be more frequent and 
of larger magnitude than the disturbanees set up by an ordinary 
power circuit. He claimed that, though undoubtedly such 
disturbances occur with greater frequency on a railway system, 
the voltage for an equal exposure is higher on the power system. 
He believed that Mr. MeNairy's statements were made on the 
basis of unequal exposures. Mr. Hanker and also H. C. Graves 
in & written diseussion, pointed out why selective relaying is 
necessary on railway systems and why simple over-eurrent 
relays are inadequate. The reason for this condition, they 
explained, is that on parallel lines the fault eurrent at one time 
may be considerably less than the load current at other times. 
It was suggested that an impedance type of relay would prove 
satisfactory in overcoming this obstacle. Sidney Withington 
in a written discussion stated that the high-speed breakers used 
by the New York, New Haven and Hartford Railroad, which 
were the first of their type to be placed in commercial operation, 
had been very satisfactory. He stated that the installation has 
been of particular value in quickly clearing grounded circuits 
and thus preventing inductive effects on closely paralleling 
communication circuits. 


In discussing Mr. Brown's paper P. H. Hatch said that on 
most electric railroads using alternating current the circuit 
breakers are employed essentially as oil switches and that some 
method, therefore, is necessary for protecting locomotives or 
cars against the disastrous effects of short circuits in the high- 
tension apparatus. On the New Haven Railroad, he said, this 
has taken the form of a time-element relay so adjusted that the 
circuit breakers on the locomotives or cars, in case of short 
circuit, will not operate until after the sectionalizing breakers in 
the feeder and trolley circuits have tripped. He suggested that 


some arrangement for isolating a short circuit on a unit of rolling 


stock might be developed, which would combine the advantages 
of lowering the pantograph automatically and at the same time 
introduce a definite time element between this operation and the 
appearance of the short circuit, which would give the sectional- 
izing breakers time to act. 


Caesar Antoniono disagreed with the recommendation in Mr. 
Wileox's paper to use a solid butt contact without auxiliary 
arcing tips. He stated that blisters caused by the opening of 
such a breaker will prevent its satisfactory closing. In comment- 
ing on the Monroe and Allen paper, he said that mechanically 
latched breakers are preferable in some cases to breakers which 
are held closed magnetically,—this being particularly true where 
breakers must be reclosed under low-voltage conditions on the 
system. Ina written discussion H. B. West pointed out that the 
high-speed interruption of current from a synchronous converter 
is likely to cause flashover. He suggested as a remedy that the 
high-speed breaker be applied to shunt a current-limiting resistor 
in series with the machine. Opening of the high-speed breaker 
thus reduces the current to a value usually two or three times 
the machine rating and the circuit is then completely interrupted 
by another breaker of ordinary speed. 


In discussing Mr. MeNairy's paper, J. B. MacNeill drew 
attention to some of the advantages of the oil eireuit breaker, as 
compared with air breakers. He stated that oil breakers will 
give service continuity and maintenance cost comparable to air 
breakers; that they occupy a volume of approximately one-third 
of air breakers; that they may be easily insulated for higher 
voltages, and that they will handle larger amounts of energy. 
In connection with Mr. Antoniono’s objection, he stated that 
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solid contacts have been used with very satisfactory results for 
four years. Chester Lichtenberg brought out the point that the 
high-speed circuit breaker should always be located on the 
negative side of d-c. machines, as this will greatly lessen the 
tendency to flashover. 


TECHNICAL SESSION E 


1. A Formula for Minimum Horizontal Spacing of Transmis- 
ston-Line Conductors, P. H. Thomas. 

2. Transmission Experiences of the Public Service Co. of 
Colorado, M. S. Coover and W. D. Hardaway. 

3. A-c. Elevator Motors of the Squirrel-cage Type, R. E. 
Dreese. 

4. Electric Welding of Pipe Lines, J. D. Wright. 

In discussing the paper by Mr. Thomas, M. G. Llovd took 
exception to the accuracy of the formulas under certain con- 
ditions, especially as regards the effects of variqus span lengths. 
He also suggested that more practical results would be obtained 
by employing the square root of the sag rather than the first 
power. 

M. T. Crawford, in & written diseussion on the paper by 
Messrs. Coover and Hardaway, cited some experiences on a 120- 
mile, 110-kv. line of the Puget Sound Power and Light Company, 
which extends across the Cascade Range. In this line no dead- 
ends are employed, in order to eliminate troubles which were 
experienced from wires being jerked in two at dead-ends by the 
falling off of large sections of snow and ice, which builds up to 
two feet in diameter on the line. All of the diagonal and hori- 
zontal angles have been removed from the steel towers up to the 
snow line, in order to eliminate the serious trouble which was 
formerly encountered by the bending and shearing of the angle 
braces by the settling of the heavy snow crust in the Spring. 
He said that only six interruptions have occurred on this line in 
five years, two of which were from lightning, though lightning is 
infrequent in this region. G. B. McCabe stated that the Detroit 
Edison Company has found properly built ground wires very 
effective. On one double-circuit, 120,000-volt line during 1926 
there were 44 lightning storms and 107 tripouts. In 1927 after & 
single ground wire had been installed there were only 7 tripouts, 
though the number of lightning storms was 37. Answering a 
question of Mr. Michener, W. D. Hardaway said that he thought 
the conductor failures experienced on the line described in his 
paper were caused by the ground wire being blown into the con- 
ductor which burned in two or was damaged and failed later. 

In a written discussion on the paper by J. D. Wright, J. 
F. Lincoln mentioned another outstanding example of pipe 
welding, namely the Mokelumne River Line, ninety miles in 
length and containing 78,000 tons of steel. This line was welded 
with the earbon-are process. He claimed that in the manufac- 
ture of pipe the cost of welding is less than one per cent and that 
all necessary development in welding methods has been done. 
Further cost reductions should be made in the other operations 
J. C. Lincoln pointed out that where riveted joints are used in 
pipe which carries water travelling at high velocity corrosion is 
likely to occur at the rivets. At such points a partial vacuum is 
formed, which assists in destructive chemical action. This 
statement was corroborated by R. E. Barnard and H. J. Lawson. 
Mr. Lawson also told of considerable successful experience which 
he had in repairing runners and water wheels by means of electric 
welding. | 

TECHNICAL SESSION F 

1. Utilization of Lodgepole Pine as Pole Timber, R.W. Lindsay. 

2. Carrier Systems on Long Distance Telephone Lines, H. A. 
Affel and C. S. Demarest. 

3. Superimposed High-Frequency Currents for Circuit- Breaker 
Control, L. R. Ludwig. 

4. Extinction of an A-C. Arc, Joseph Slepian. 

C. S. Demarest contributed additional information to that in 
the second paper and pointed out the difficulties which arise in 
carrier telephone systems on account of the relatively high 
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frequencies and large power-level differences which are employed. 
Excessive losses from these causes, as well as cross talk, must be 
avoided by special grouping of equipment and wiring and by use 
of shielded cable and apparatus. 

In a written discussion, commenting on Mr. Ludwig’s paper, 
O. C. Traver pointed out that atmospheric static and steep wave 
fronts might cause imperfect operation of the equipment des- 
eribed. He suggested also that the use of the rate-of-rise relay 
might cause the 500-cycle generators to fall out of step. R. G. 
MeCurdy, in & written diseussion, stated that the use of high- 
frequency currents for control might cause a considerable in- 
crease in noise interference on exposed telephone circuits under 
normal power-circuit conditions. He stated that from the stand- 
point of inductive coordination it is important that either (1) 
the continuous use of the high frequency be avoided or (2) the 
control currents, if continuous, be at such frequencies and power 
levels as not to interfere with adjacent communication circuits. 
D. W. Roper asked if the system described can be used for the 
protection of underground, high-potential tie lines between 
generating stations. Paul MacGahan stated that the system is 
probably not desirable at the present time except for cases that 
cannot be handled by means of the present accurate over-current, 
directional or impedance relays. G. B. Dodds agreed that this 
scheme has one great advantage, in that it may be tested without 
actually drawing current from the power line. He warned, how- 
ever, that considerable attention should be given to the reliability 
of the equipment, so that this addition to a system would not 
create an extra hazard. He thought that with such a system 
some sort of backup protection would be necessary. 


Discussing Dr. Slepian’s paper, R. W. Sorensen said that 
laboratory tests have corroborated the theoretical developments 
in the paper. R. M. Spurck stated that experience and test 
results with circuit-breaker operation seem to substantiate many 
of the points in the paper. C. D. Ainsworth. in a written dis- 
eussion, agreed on this point, pointing out partieularly how the 
multi-break circuit breaker accomplishes some of the desirable 
funetions mentioned in the paper. 


CONFERENCE OF OFFICERS AND DELEGATES 


In accordance with past practise, the first day of the Conven- 
tion, Monday, June 25, was devoted to & Conference of Officers 
and Delegates held under the auspices of the Sections Committee 
and the Committee on Student Branches. 

Forty-six of the fifty-three Sections were represented by 
Delegates, seven of the Geographical Districts were represented 
by their Secretaries, and the Chairmen of eight District Com- 
mittees on Student Activities were present. In addition to the 
Delegates a considerable number of officers-elect and other 
interested members were present. 

The first session of the Conference convened at 10:15 a. m., 
with Doctor W. B. Kouwenhoven, Chairman of the Sections 
Committee, presiding. During the early part of the afternoon 
two sessions were held in parallel, Doctor Kouwenhoven pre- 
siding over the part dealing with Section activities, and Vice- 
President J. L. Beaver, Chairman of the Committee on Student 
Branches, presiding over that dealing with Student activities. 
During the last hour the two groups met together again to discuss 
Section and Branch cooperation and related subjects. 


The following is a summary of the program which had been 
prepared in advance by a special committee and mailed to all 
Delegates: 


Announcements by Doctor W. B. Kouwenhoven, Chairman of 
Sections Committee 
Remarks by President Gherardi 
Remarks by Presidential-Nominee Schuchardt 
Remarks by National Secretary Hutchinson 
Section Activities and Policies 
Résumé of Section questionnaire and conclusions, costs of 
Section meetings, and general discussion. 
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Regional Meetings 
Topical presentation by five speakers and general 
discussion. 
AFTERNOON SESSIONS 


(sessions A AND B IN PARALLEL) 


A—Sections, Doctor Kouwenhoven presiding. 

Obligation of Sections to publie and civic relations, broad- 
easting of Section programs, distribution of membership, 
local membership, attendance at meetings, Annual Report 
on Section Activities, and general discussion. 

B— Branches, Vice-President Beaver presiding. 

Branch problems and programs, Branch dues, entrance 
fees, prizes for Student papers, Student conventions, classes 
of schools at which Branches may be organized, appoint- 
ment and duties of Counselors, and general discussion. 

General— Doctor Kouwenhoven presiding. 

Resumé of Branch questionnaire and conclusions, Section 
and Branch cooperation, and general discussion. 

b. Resumés of the Annual Report on Section and Branch Activi- 
ties, prepared by an Editing Committee, as a result of a recom- 
mendation made at the Conference held at Detroit on June 20, 
1927, were presented by Mr. I. Melville Stein, Chairman of the 
Editing Committee. Favorable comments were made upon the 
form of the Report and the following recommendations of a 
special committee, composed of Professor Harold B. Smith, 
Chairman, I. M. Stein, and C. R. Wallis, appointed at the morn- 
ing session, were adopted: 

"First, that a further trial of the present plan be carried out 
for a period of not less than two years in order to obtain more 
experience on which to base a more permanent policy. 

*'Seeond, that one item of the next questionnaire be designed to 
bring out the reaction of the Sections on this plan. 

“Third, that the monthly report for Sections be revised to 
provide all statistieal data needed for the Annual Report. 

“Fourth, that the annual questionnaire sent out in connection 
with the Annual Report be limited to obtaining information not 
available from revised monthly report forms and from the statis- 
ties of the Membership Committee." 

In addition to the session on Monday afternoon, the Counselor 
Delegates and others especially interested in Student aetivities 
held & session Monday evening and another on Wednesday 
morning. Many subjeets relating to Student enrolment in the 
Institute, Branch meetings, Student conventions, ete., were 
discussed and those present considered the meetings very 
beneficial because they brought out the viewpoints of men active 
in Student Branch affairs in many parts of the country. 

A report on the Conferences will be printed in pamphlet form 
and mailed to all Delegates in attendance and to national, 
District, Section, and Branch officers. Any Institute member 
who is interested in the proceedings may obtain a copy of the 
pamphlet, without charge, upon application to Institute head- 
quarters, New York. 


A. I. E. E. Directors Meeting 


The regular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at the Cosmopolitan 
Hotel, Denver, Colorado, on Wednesday, June 27, 1928. 

There were present: President Bancroft Gherardi, New York, 
N. Y.; Vice-Presidents, J. L. Beaver, Bethlehem, Pa., A. B. 
Cooper, Toronto, Ont., O. J. Ferguson, Lincoln, Neb., B. G. 
Jamieson, Chicago, Ill, E. R. Northmore, Los Angeles, Calif., 
H. H. Sehoolfield, Portland, Ore.; Managers J. M. Bryant, 
Minneapolis, Minn., F. J. Chesterman, Pittsburgh, Pa., H. C. 
Don Carlos, Toronto, Ont., M. M. Fowler, Chicago, Ill., F. C. 
Hanker, East Pittsburgh, Pa., E. B. Meyer, Newark, N. J.; 
National Seeretary F. L. Hutchinson, New York, N. Y. By 
invitation: officers-elect R. F. Schuchardt, Chicago, Ill., B. D. 
Hull, Dallas, Tex., W. T. Ryan, Minneapolis, Minn., A. M. 
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MacCutcheon, Cleveland, Ohio, and Assistant National 
Secretary H. H. Henline, New York, N. Y. 

The minutes of the Directors meeting of May 18, 1928, were 
approved. 

Reports were presented of meetings of the Board of Examiners 
held May 24 and June 13, 1928, and the actions taken at those 
meetings were approved. Upon the recommendation of the 
Board of Examiners the following actions were taken: 96 Students 
were enrolled; 175 applicants were elected to the grade of 
Associate; 26 applicants were elected to the grade of Member; 
one Member was reinstated; one applicant was elected to the 
grade of Fellow; 86 applicants were transferred to the grade of 
Member; seven applicants were transferred to the grade of 
Fellow. 

Approval by the Finance Committee for payment, of monthly 
bills amounting to $27,808.44, was ratified. 

The annual report of the National Treasurer, for the fiscal 
year ending April 30, 1928, was received and ordered filed. 

In accordance with Section 22 of the Constitution, the follow- 
ing members were made ‘‘Members for Life’’ by exemption from 
future payment of dues: Messrs. Edward C. Acheson, Harry 
Alexander, James H. S. Bates, Charles N. Black, C. Billberg, 
Douglass Burnett, H. E. Chubbuck, A. C. Crehore, M. M. 
Davis, W. K. Dunlap, J. P. Edwards, William Elmer, George 
A. Hamilton, John W. Howell, Frank Land, J. R. Lovejoy, 
L. B. Marks, Julius Meyer, W. A. Mosscrop, Clayton W. Pike, 
R. A. Ross, L. B. Stillwell, Charles A. Terry, Charles F. Uebel- 
acker, F. Uhlenhaut, Jr., Edwin R. Weeks, W. F. White, and 
W. G. Whitmore. 

It was also voted to apply the designation “Member for Life” 
to those who are eligible but who prefer to continue to pay dues 
until further notice. 

Upon the recommendation of the Committee on Student 
Branches, authority was granted for the organization of a Student 
Branch of the Institute at the University of South Carolina. 

Approval was given to the admission to membership in the 
American Engineering Standards Committee of the National 
Machine Tool Builders Association. 

The resignation of Mr. Calvert Townley as an Institute repre- 
sentative on the Board of Trustees of the United Engineering 
Society was presented and accepted, and Mr. H. P. Charlesworth 
was appointed to fill his unexpired term. 

By-laws governing the organization of the Lamme Medal 
Committee were adopted and a plan of making awards of the 
medal was approved. 

Because of the vacancy in the Board of Directors caused by the 
election of Mr. H. A. Kidder to the office of Vice-President. 
taking effect August 1, Mr. Charles E. Stephens, District 
Manager, Westinghouse Electric & Manufacturing Company, 
New York City, was unanimously elected to fill the unexpired 
term of Mr. Kidder as Manager, ending August 1, 1929. 


Other matters were discussed, reference to which may be found 
in this and future issues of the JoURNAL. 


The meeting closed with a unanimous vote of appreciation to 
President Gherardi for his effective services on behalf of the 
Institute during the past year. Other matters of importance 
were considered, as announced elsewhere in this issue of the 
JOURNAL. 


Institute Prizes for Papers Awarded 


The prizes for papers presented during 1927 awarded by the 
Committee on Award of Institute Prizes, were presented on 
June 26 at the annual business meeting held in connection with 
the Summer Convention at Denver. Certificates of award were 
given to each winning author and a cash prize of $100 was 
presented for each paper, this prize being divided in case of 
joint authorship. The report of the committee is in part as 
follows: 
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In the field of engineering practise the committee considers 
the outstanding contribution during the year is the paper on 
132,000-volt cables, and therefore makes the following award: 


First Prize—Engineering Practise 


132,000-Volt Single-Conductor Lead-Covered Cable, by Philip 
Torchio, L. Emanueli, W. S. Clark, A. H. Kehoe, C. H. Shaw, 
J. B. Noe and D. W. Roper, presented at the Chicago Regional 
Meeting, November 28-30, 1927. 

In the field of theory and research the committee found a 
particularly large number of excellent papers. In awarding 
the prize the committee feels that favorable mention should be 
made of the entire group of five papers on ‘‘Television’’ presented 
at the 1927 Summer Convention of which the prize paper forms 
apart. The award is as follows: 


First Prize— Theory and Research 


The Production and Utilization of Television Signals, by Frank 
Gray, J. W. Horton and R. C. Mathes, presented at the Summer 
Convention, Detroit, June 20-24, 1927. 

In addition to the prize papers mentioned above, the com- 
mittee has awarded honorable mention to two outstanding papers 
as follows: 

Honorable Mention 


Static Stability Limits and the Intermediate Condenser Station, 
by C. F. Wagner and R. D. Evans, presented at the Pacifie 
Coast Convention, Del Monte, Cal., Sept. 13-16, 1927. 

A New Electronic Rectifier, by L. O. Grondahl and H. P. 
Geiger, presented at the Winter Convention, New York, Feb. 
7-11, 1927. 

As a result of consideration of the papers eligible for the initial 
paper prize, the committee has made the following awards. 


Initial Paper Prize 


Movements of Overhead Conductors During Short Circuits, 
by W. S. Peterson and H. J. McCracken, Jr., presented at the 
Los Angeles Section meeting, Dec. 6, 1927. 


Initial Paper—Honorable Mention 


Methods Used in Investigating Corona Loss by Means of the 
Cathode- Ray Oscillograph, by W. L. Lioyd, Jr. and E. C. Starr, 
presented at the Summer Convention, Detroit, June 20-24, 1927. 

As a result of their study of the papers eligible for the Branch 
paper prize, the committee made the following awards. 


Branch Paper Prize 


Calculation of Stray Load Losses by G. H. Rockwood, Jr.» 
presented at the Student Session of the Pittsfield Regional 
Meeting, May 27, 1927. | 


Branch Paper—Honorable Mention 


The Localization of Faults on Parkway Cable, by J. A. Sargent, 
presented at the Student Session of the Chicago Regional 
Meeting, November 28, 1927. 

The committee which made the awards was composed of 
Messrs. H. P. Charlesworth (Chairman), E. B. Meyer and 
F. W. Peek, Jr. 


Acceptance Standards and Service 
Recommendations 


The principal function of the A. I. E. E. Standards is to 
provide a set of rating specifications and acceptance tests which 
may be used as a basis for the purchase of machines and ap- 
paratus. With these Standards one may make an analysis and 
form a judgment of the comparative merits of apparatus built 
by different manufacturers. 

In formulating these Standards, there has been some difficulty 
and some confusion at times in attempting to separate operating 
characteristics from those characteristics and conditions which 
are inherently a definite part of purchase acceptance tests. 
The suggestion has been made repeatedly—in fact, it has 
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developed into a definite demand—that operating conditions 
which may be permitted for each class of apparatus, be incor- 
porated in the Standards, and it is a well supported opinion that 
they be separated from those Standards which become part of a 
purchase contract between manufacturer and user. To date 
this plan has not been carried out. 

For the purpose of comparing bids, the various characteristics 
of machines and the tests necessary to check them, must be 
outlined. The conditions of the acceptance test may or may not 
be the conditions under which the apparatus is to be operated in 
service. It is important then to the user that he have something 
to guide him in the loading of his apparatus if the operating 
conditions are different from those specified in the acceptance 
test. 


A very important beginning has been made in this direction in 
connection with the Standards for Transformers, Induction 
Regulators and Reactors. It is proposed to add to that section, 
No. 13, an appendix which outlines some of the possibilities 
of operation in actual service when the ambient temperature is 
different from the standard ambient specified in connection with 
ratings. 

This is considered to be a very important innovation in 
A. I. E. E. standardization work—one which may be useful 
enough to be extended to other classes of apparatus. For this 
reason, special attention is called to the proposed appendix, 
and those interested are requested to send in their comments, 
suggestions and eritieisms to H. E. Farrer, Seeretary of A. I. E. E. 
Standards Committee, 33 West 39th St., New York, N. Y., in 
order that that Committee may have the adviee and counsel of 
all interested parties before this innovation is put into final 
effect. The proposed appendix is as follows: 


A. I. E. E. TRANSFORMER STANDARDS, SECTION 13 
Proposed Appendix 


RECOMMENDATIONS FOR THE OPERATION OF TRANSFORMERS, 
INDUCTION REGULATORS AND REACTORS 

13-600 Limiting Observable Temperature of Oil.—The oil 
in which apparatus is permanently immersed should under 
no circumstances have a temperature, observable by 
thermometer, in excess of 90 deg. cent. 

13-601 Operation at Rated Load.—Apparatus conforming 
with the Standards for rating is suitable for carrying 
rated load continuously provided that the temperature of 
the cooling medium does not exceed 40 deg. cent. for air 
or 25 deg. cent. for water. 

13-602 Operation with Cooling Air and Water Exceeding 
40 Deg. Cent. and 25 Deg. Cent. Respectively.—For 
apparatus conforming with the Standards for rating, the 
load should be reduced 2 per cent below the rated load 
for each degree that the temperature of the cooling air 
exceeds 40 deg. cent. or that the temperature of the cooling 
water exceeds 25 deg. cent. However, the use of appara- 
tus in cooling air exceeding 50 deg. cent. or in cooling 
water exceeding 35 deg. cent. shall be considered as special. 

13-603 Operation at Loads Greater than the Rated Load.* 
(a) Apparatus Not Equipped with a Winding-Tempera- 
ture Indicator:—Apparatus not equipped with a winding- 
temperature indicator may be loaded continuously 1 per 
cent above rated load for each degree centigrade that 


*Since the operation of apparatus at loads greater than rated load 
increases the probability of maintaining the limiting temperature for a 
greater portion of the time, and because the life of insulation is a function 
of both its temperature and the time of subjection to that temperature, 
the operating temperature of the winding should be limited to a lower value 
than for operation in which the rated load is never exceeded. 

Also, under these conditions, the temperature difference between the 
observable temperature and the hottest spot temperature increases. 

For these reasons, the limits specified in Para. 13-603 which are 10 deg. 
cent. lower than the highest observable temperature recognized for ap- 
paratus whose rated load is never exceeded, have been agreed upon for 
purposes of standardization. 
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the temperature of the cooling medium is below 30 deg. 
cent. for air or 25 deg. cent. for water. 

Thus, for example, when the temperature of the cooling 
medium is O deg. cent., the permissible continuous load is 
130 per cent of rated load for air-cooled apparatus and 
125 per cent of rated load for water-cooled apparatus. 

Loads greater than 130 per cent of rated load for air- 
cooled apparatus or 125 per cent of rated load for water- 
cooled apparatus shall not be applied under any conditions 
even though the temperature of the cooling medium be 
lower than O deg. cent. 

(b Apparatus Equipped with a Winding-Temperature 
Indicator:—Apparatus equipped with a winding-tempera- 
ture indicator may be loaded continuously in excess of 
rated load provided the indicated winding-temperature 
does not exceed the following limits :— 

For indicators marked in terms of 


Hottest-spot Temperature................. 95 deg. cent. 
Embedded Detector Temperature........... 90 deg. cent. 
Resistance Method Temperature........... 85 deg. cent. 


(c) Oil Temperatures:—Oil temperature alone is an 
inadequate criterion of the winding temperature because 
of the increased temperature drop through the insulation 
at low temperatures of the cooling medium and of the 
time lag between the winding and oil temperatures. 
Loading apparatus on the basis of oil temperature alone 
as a guide is not recognized by the A. I. E. E. 

13-604 Conditions Affecting Constructional or Protective 
Features.— There are conditions which, while not usually 
affecting the rating, may require special consideration, 
principally with respect to constructional or protective 
features. Where such conditions exist it is recommended 
that they be brought to the manufacturer's attention. 

Among such conditions are: 

(&) Exposure to damaging fumes 

(b) Operation in damp places 

(c) Exposure to excessive dust 

(d) Exposure to gritty dust 

(e) Exposure to steam 

(f) Exposure to excessive oil vapor 

(p) Exposure to explosive gases 

(h) Exposure to salt air 

(i) Exposure to abnormal vibration or shocks. 


Redetermination of Values of Electrical 
Units 


It has been known for some years that the values assigned 
to the international electrical units (ohm, ampere and volt) 
do not conform accurately with the absolute values of these 
units as defined in the c. g. s. system. These discrepancies exist 
owing to the limitations in accuracy of measuring methods which 
obtained when the present values were legalized. With the 
degree of precision now available in electrical measurements, the 
difference between the statutory and the fundamental values of 
these units has become apparent and is too large to comply with 
the precision now attainable in the use of fundamental standards. 
A determination of these statutory values is therefore highly 
desirable. 

The following resolutions were prepared by the Committee 
on Instruments and Measurements, approved by the Standards 
Committee, and adopted by the Board of Directors at Denver, 
June 27, 1928. Copies of the resolutions have been transmitted 
by the Standards Committee to the Committee on Manufactures 
of the U. S. Senate, and to the Committee on Coinage, Weights 
and Measures of the U. S. House of Representatives. They have 
also been sent to the U. S. Bureau of Standards, and to the 
national standardizing laboratories of England, France, Ger- 
many, Japan and Russia. 
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RESOLUTIONS ON REVISION OF ELECTRICAL UNITS 


WHEREAS, there is conclusive evidence that there are discrepan- 
cies between the statutorily established international electrical 
units (ohm, ampere, and volt) and the fundamental ohm, 
ampere and volt, which the international units were intended to 
represent, these discrepancies in the case of the ohm and the volt 
amounting to approximately one-twentieth of one per cent; and 

Wuereas, differences of this magnitude are objectionably 
large in comparison with the precision required and now being 
attained in the construction and use of standards fundaniental 
to all electrical measurements; therefore be it 


RrxsoLvEp, that the American Institute of Electrical Engineers hereby 
urges the Bureau of Standards and foreign national standardizing labora- 
tories to undertake, as soon as possible, the additional researches necessary 
in order that legislation to reduce these discrepancies to within acceptable 
limits may be enacted in the near future. 


AnD WHEREAS, the present electrical units are defined by statute 
in terms of material standards, namely, the mereury ohm and 
the silver voltameter, which it is now known only approximately 
represent the absolute ohm and ampere and which experience has 
shown to have serious limitations, and 

WHEREAS, such progress has been made in recent years in the 
art of making absolute electrical measurements in terms of the 
fundamental units of length, mass, time, and space permeability 
that the accuracy and reproducibility of a system of electrical 
units realized by such absolute measurements would seem to be 
adequate for commercial, industrial and scientific purposes; and 

WHEREAS, the legalization of the absolute ohm and ampere and 
the units derived from them, (these units to be realized by the 
national standardizing laboratories) would avert the recurring 
proposals for revision of the values of the legalized units, and 
would establish the electrical units on a permanent legal basis, 
therefore be it 

RESOLVED, that the American Institute of Electrical Engineers hereby 
urges the Bureau of Standards and foreign national standardizing labora- 
tories to undertake, as soon as possible, the additional researches necessary 
in order that the absolute ohm and absolute ampere based on the centi- 
meter-gram-second electromagnetic system, with the absolute volt. watt 
and other units derived from them, may be legalized in place of the inter- 
national ohm and ampere and their derived units. 

REsoLvEp, further, that in order to avoid the confusion which would 
result from an interim use of new empirical units based on corrected values 
of the international units, the international electrical units should be 
continued in effect without any readjustment of values until such time as 
the practicability of legalizing the above-mentioned absolute units shall 
have been determined. 

RESOLVED, further, that copies of these resolutions be communicated to 


the various national standardizing laboratories and other interested bodies, 
by the Standards Committee. 


The Lamme Medal 


The late Benjamin G. Lamme, Chief Engineer of the Westing- 
house Electrice & Mfg. Company, who died on July 8, 1924, made 
a bequest to the Institute to provide for the award of a gold medal 
(together with a bronze replica thereof) annually to a member of 
the Institute—‘‘who has shown meritorious achievement in the 
development of electrical apparatus or maehinery,"— with the 
further provision that two such medals may be awarded in some 
years if the aceumulation from the funds warrants. 

An agreement was entered into between the executors and 
trustees of Mr. Lamme's last will and testament and the Insti- 
tute. A Special Committee, with Professor Charles F. Scott of 
Yale University as Chairman, was appointed to supervise the 
design of the Medal, the preparation of the dies, and the formula- 
tion of rules for the award of the Medal. 

By-laws formulated by this Special Committee, providing for 
a Lamme Medal Committee of nine members and containing all 
neeessary rules for its guidance, were approved by the Board of 
Direetors on June 27. 

Special attention is called to the fact that names of members of 
the Institute who are considered suitable eandidates for the 
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Lamme Medal may be submitted by any member, in accordance 
with Section 1 of Article VI of the By-laws, which is quoted 
below. . 


“The Committee shall cause to be published in one or more 
issues of the A. I. E. E. Journat each year, preferably including 
the June issue, a statement regarding the ‘Lamme Medal’ and 
an invitation for any member to present to the National Secre- 
tary of the Institute by September 1 the name of a member 
as a candidate for the Medal, accompanied by a statement 
of his ‘meritorious achievement’ and the names of at least 
three engineers of standing who are familiar with the achieve- 
ments." 


The Louvain Dedication 


On July 4th, in the presence of Prince Leopold, dignitaries of 
State, Chureh and University, and delegates and members of 
various engineering societies, the new library of the Louvain 
University was dedicated, the Belgian people on every hand 
demonstrating their reciprocation of the friendliness expressed in 
the American gift contributed by more than 500,000 persons from 
_all parts of the United States. “In the atmosphere of Louvain 
all rival clamor ceased and the sciences and humanitaries blended 
their individual pretentions in harmony with eternal verities 
that surround such consecrated places. Here, therefore, it was 
fitting that the American engineer should set a symbol that will 
speak for ages of his delight in helping to restore this seat of 
beauty, learning and leadership in his own engineering sphere as 
well." At 1:30 p. m. a stately cortege left the Halls of the Uni- 
versity, proceeding through streets decorated with Belgian and 
American flags and thronged with cheering crowds, to the large 
Place du Peuple which the new library faces. The general 
mass was estimated at least 10,000 persons, made up of officers 
and faculty members of the University, officers of the Govern- 
ment, dignitaries of the church and the American guests, and 
preceded by a company of mediaeval trumpeters. In the middle 
of the square in a clear space about 100 ft. wide and 300 feet long, 
with a circle of flowering plants at its center, was raised a covered 
dias with the speaker’s stand and microphone at the opposite 
end. To the dais were escorted the American Ambassador and 
Mrs. Gibson, Ministers of the Belgian Government, the Rector 
Magnifieus and other officers of the University of Louvain, 
Cardinal Van Roey, representatives of the Commission for 
Relief in Belgium and members of the Committee on War 
Memorial to American Engineers, consisting of Edward Dean 
Adams, Chairman of the American Committee, representing 
Engineering Foundation and Engineering Libraries, George W. 
Fuller, representing the American Society of Civil Engineers, 
Arthur S. Dwight, representing the American Institute of Mining 
and Metallurgical Engineers, Charles M. Schwab, representing 
the American Society of Mechanical Engineers, Arthur W. 
Berresford, representing the A. I. E. E., George Gibbs, repre- 
senting United Engineering Society, L. R. Lohr, representing the 
Society of American Military Engineers, Roy V. Wright, 
President of the United Engineering Society, and Alfred D. 
Flinn, Secretary. 


At the corners of the stand were placed the four flags; one from 
the Belgian War Relief Commission; one from the senior national 
Societies of the United States; a third from the Society of Ameri- 
ean Military Engineers, (given by Col. Arthur S. Dwight of the 
Eleventh Engineers); and a fourth—a United States standard 
regimental flag given by Major L. R. Lohr, of the Corps of 
Engineers, U. S. Army. Beyond were many colorful flags of 
Belgian military organizations, and the heralds, in mediaeval 
armor. 


When all were in place, the Prince and Princess appeared as 
representatives of the King and Queen, and occupied the central 
front seats amid many manifestations of their popularity. After 
a portion of the program relating to the building had been com- 
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pleted by the delivery of the keys by the architect, Whitney 
Warren of New York, the Committee on War Memorial to 
American Engineers presented the clock, the carillon and the 
maintenance fund of $10,000. Mr. Arthur W. Berresford, 
Past-President of the Institute then delivered the Deed of Gift 
and Trust and Secretary Alfred D. Flinn presented the Memorial 
Record Volume, one of the finest specimens of American book- 
making, beautifully bound in hand-tooled leather and made of 
paper called Shidzuoka vellum, chosen for durability and 
strength and made by the Japanese Imperial Government mills 
from the inner fiber of mulberry. This book contains the Honor 
Roll of approximately 2500 engineers and engineering assistants 
in the United States who gave their lives in the Great War, 
the memorial inscriptions which appear on the great ‘‘Liberty 
Bell of Louvain," a list of the contributors to the fund and other 
information about the memorial. At the banquet served later, 
a replica of this bell, 24 inches in diameter was presented by 
Chairman Adams to be placed in the University’s reading room 
or other location convenient to visitors who may be unable to 
climb the 165 feet of the tower to see the bell itself. 


The blessing of the building and the bells by Rector Ladeuze, 
accompanied by beautiful music was made audible to the vast 
assembly by means of a loud-speaker skillfully concealed in the 
tower. This was followed by cantatas sung by a host of school 
children. With Rector Ladeuze occupying the chair, Secretary 
Van der Eessen of the University escorted the speakers one by 
one from the dais to the platform and back to the dais. Early 
in the program Ambassador Gibson presented the Library 
building, on behalf of the American donors, and delivered its 
keys to Rector Ladeuze. 


Edgar Ricard, Colonel Dwight and Major Lohr presented the 
four flags previously mentioned, to be carried later in the pro- 
cession into the Library hall in which they are to permanently 
hang. Toward the end of the ceremony, Chairman Adams, 
Arthur W. Berresford, and Secretary Alfred D. Flinn, ac- 
eompanied by two pages, the young sons of Prof. Albert Van 
Hecke, were escorted to the platform. They carried the address 
of presentation for the carillon, clock and maintenance fund, 
printed in French on a scroll and signed by all members of the 
Committee; the Deed of Gift and Trust in duplicate, hand- 
somely bound in red levant leather—and the large Memorial 
Reeord Book, bound in green levant leather as described and 
eontaining the names of more than 2500 names of American 
engineers. When this group returned to the dais, the Prince and 
Princess arose, greeted them graciously and with extended 
hands, expressed to Chairman Adams their appreciation of the 
gift. There was a well-timed pause in the program as the great 
Bourden bell of the carillon of the memorial elock struck the 
hour of three and the famous carillonneur, Josef Denyn played 
the Belgian National air. 

Immediately after the ceremonies, there was an inspeetion of 
the interior of the Library, during which a bronze bust of Herbert 
Hoover ‘‘in recognition of his humanitarian services to Belgium 
during the War and since" was unveiled. This bust was the work 
of Suzanne Silvereruys Farnum, seulptress. 

In the evening at & banquet attended by engineers and others 
at the dedication ceremonies, Chevalier Josef Denyn, called the 
Dean of Carillonneurs, played a concert on the new Louvain 
earillon, his numbers being intersperesed with songs by the 
Legia, the first ehoir of singers of Belgium. 

At the elose there was an address of appreciation by Reetor 
Ladeuze to the many guests of the several countries and a brief 
response by Laurence V. Benet, (A. S. M. E.) for the American 
engineers. "The 377-pound repliea of the bell was plaeed on the 
Library table by Doctor Adams, the &ton Bourdon bell of the 
earillon was tolled for the first time, and the eompany dispersed 
to the notes of a fanfare by the trumpeters followed by the soft 
playing of the carillon by Chevalier Denyn continuing into the 
twilight. 
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Fireworks at ten o’clock illuminated the magnificent Tower of 
the Library. 

On the fifth of July three receptions were given for the 
American vistors in Brussels. At 2:30 p. m. the Burgomaster 
received a large party in the ancient City Hall and had the guests 
escorted through the finely proportioned, richly decorated rooms 
with their priceless paintings. At 4:30 p. m. the engineers were 
entertained by the Central Committee of Belgian Industries in 
its commodious quarters and there were friendly exchanges of 
information about the industries of Belgium and the United 
States. In the evening a concert and dance were given at the 
Residence Palace, attended by the Prince and Princess. During 
intermission in the program the representatives of the Com- 
mission for Relief in Belgium and the delegates of the American 
engineering societies, with their ladies, were individually pre- 
sented by Ambassador and Mrs. Gibson to the Prince and 
Princess. 

On the sixth of July, the last of the American engineers 
departed with memories crowded full of happy recollections of 
many delightful friendly contacts with our Belgian neighbors, 
and feelings of indebtedness to the many persons who had so 
thoughtfully planned and successfully carried out the generous 
hospitality of the dedication of the new Louvain Library. 

An honorary doctorate degree from the University of Louvain 
was conferred upon Doctor Edward Dean Adams and he was made 
Commander of the Order of the Crown by the Belgian Govern- 
ment. Upon Mr. A. D. Flinn, Secretary of the Commission, 
was conferred the degree of Honorary Doctor of Science. 


Doctor George F. Swain of Harvard Receives 
Lamme Medal 

The first award of the Benjamin G. Lamme gold medal "'for 

accomplishment in technical teaching or actual advancement of 

the art of technical training" has been made to Dr. George 


Fillmore Swain of Harvard. 
The medal is awarded by the Society for the Promotion of 


Engineering Education. 
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PAST SECTION MEETINGS 
Atlanta 


Transatlantic Telephony, by Lloyd Espenschied, American 
Telephone & Telegraph Co. June 15. Attendance 20. 


Cincinnati 


Annual Meeting. Talk by Daniel Cook, Prof. of Free-hand 
Sketching, University of Cincinnati. Dinner preceded the 
meeting. The following officers were elected: Chairman, 
R. C. Fryer; Secretary-Treasurer, L. O. Dorfman. June 
14. Attendance 46. 

Columbus 

Household Electrical Engineering, by G. W. Alder, Consulting 
Engr., Good Housekeeping Institute. Annual Dinner 
Meeting. The following officers were elected: Chairman, 
W. E. Metzger; Vice-Chairman, J. A. Montgomery; Secre- 
tary, R. A. Brown; Assistant Secretary, W. C. Johnson. 
May 25. Attendance 80. 

Indianapolis-Lafayette 
Rebuilding the Broadcast Structure, by Ralph G. Langley, Crosley 
adio Corp. Illustrated with slides. May 25. Attend- 
ance 46. 
Lynn 

Inspection trip to Edgar Station of the Edison Electric Illumi- 
nating Company at Weymouth, Mass. June 9. At- 
tendance 30. 

Mexico 

Recent Developments on Steam Power Plants, by J. K. Jennings, 
Metropolitan Viekers Co. Illustrated with slides. July 3. 
Attendance 25. 
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Dr. Swain has attained distinction as a thorough and practical 
engineer, an inspiring teacher and an authoritative writer. He 
received his technical education at the Massachusetts Institute 
of Technology and the Royal Polytechnic School of Berlin. 
Honorary degrees have been granted to him by the New York 
University and the University of California. 


In 1887 Dr. Swain started his teaching work at the Massachu- 
setts Institute of Technology. Since 1909 he has been a dis- 
tinguished member of the faculty of the Harvard Engineering 
School. 

Dr. Swain has served as a Consulting Engineer for the Massa- 
chusetts Railroad Commission and has been associated with a 
number of engineering enterprises mainly in the field of trans- 
portation. His achievements have stood the test of time and 
his published works provide à means for extending his influence 
to the future. 


Special Diesel Engine Course at Brooklyn 
Polytechnic Institute 


In order to meet the rapidly inereasing demand for information 
concerning the principles and operation of the diesel engine, the 
Polytechnie Institute of Brooklyn has offered a special evening 
eourse, separate from the regular undergraduate work and 
designed solely for those interested in oil engines regardless of 
previous education. This course includes 22 lectures to be given 
every Tuesday evening at 7:30 o’clock, during the winter, 
beginning the last Tuesday in September. It was conceived 
first in 1923 and since that time some 400 men among marine 
superintendents and operators, steam engine operators, oil 
chemists, railway men, insurance men and others have availed 
themselves of it. They are trained in the building, operating, 
designing and selling of oil engines, the lectures being supple- 
mented by class-room exercises and laboratory work, where 
several types of oil engines are available for demonstration and 
testing purposes. Enrolment is every Monday evening. 


3 


Milwaukee 
The Milwaukee Sewage-Disposal Plant, by Robert Cramer, 
Chief Engr., and James Brower, Master Mechanic. The 
following officers were elected: Chairman, E. R. Stoekle; 
Secretary-Treasurer, R. R. Knoerr. June 20. Attendance 
65. 
Philadelphia 


Engineering Education, by W. E. Wickenden, Director of Investi- 
gation, Society for the Promotion of Engineering Education. 
A dinner preceded the meeting. January 9. Attendance 


Toledo 


Dinner Meeting. The following officers were elected: Chairman, 
W Lowery; Vice-Chairman, E. B. Featherstone; Secre- 
tary-Treasurer, Max Neubar. Short talks were given by 
C. L. Proctor, W.'E. Richards. J. F. O'Connor, P. R. Knapp 
and G. W. McIver. June 19. Attendance 25. 


Vancouver 


Annual Meeting. Dinner preceded the meeting. The follow- 
ing officers were elected: Chairman, C. W. Colvin; Secre- 
tary, J. Teasdale. June 5. Attendance 38. 


Worcester 


Inspection of Hydraulie Laboratory of the Worcester Polytechnic 
Institute at Chatfins. Prof. Allen deseribed the laboratory 
equipment. C. E. Anderson, New England Power Co., 
gave an illustrated talk on the Bellows Falls Plant. June 2s. 
Attendance 55. 
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BRANCH MEETINGS 
Lewis Institute 


Business Meeting. Election of officers. June 12. Attendance 
19. 


University of New Hampshire 

Transportation, by L. E. Lynde, '20, Mgr., Transportation 
Division, Westinghouse Electric & Mfg. Co., Boston. 
April 28. Attendance 49. 

Economics of Railway Electrification, by L. E. Boodey; supple- 
mented by R. M. Knight, and 

Harnessing Nature's Electricity, by A. L. Neal; supplemented by 
M. S. Hodgdon. May 19. Attendance 33. 


| PERSONAL MENTION 


PELLE EOR E EIER CIN REIN RS TATUR ISO NUNC HUP EET 


GEORGE W. Swenson, Assistant Professor of Electrical Engi- 
neering, University of Minnesota, has resigned to accept the 
position of Professor of Eleetrieal Engineering at the Michigan 
College of Mines and Technology, Houghton, Michigan. He 
will be head of this department, which has just been established. 
Professor Swenson had been a member of the Electrical Engineer- 
ing Department at the University of Minnesota since 1918, in 
charge of communication courses and laboratories. He will 
assume his new duties on or about September 1. 


W. C. GoopwiN, formerly Section Engineer of the Control 
Engineering Department, of the Westinghouse Electric & 
Manufacturing Company has been appointed manager of its 
Renewal Parts Engineering Department. In August, 1926, Mr. 
Goodwin went to England as liaison engineer for the Westing- 
house Company with European companies. He represented the 
Westinghouse Engineering Department in Europe for almost two 
years spending time in England, France, Italy, Norway, Germany 
and Czeeho-Slovakia. Heisan associate member of the Institute 
and was secretary of the Pittsburgh Section. 


Carr A. HE1NZE, for 21 years engaged in electrical engineering 
work with Los Angeles Aequeduet and Municipal hydropower 
enterprises, and for the past twelve years distribution engineer 
for the municipal electrie system, has been appointed Assistant 
“Chief Electrical Engineer and General Manager" of that City's 
Bureau of Power and Light. Heinze’s appointment as the second 
ranking engineering official of the Municipal Power Bureau was 
made by the Board of Water and Power Commissioners on the 
recommendation of E. F. Seattergood, Chief Electrical Engineer 
and General Manager of the Bureau. The appointment became 
effective July Ist. 


Obituary 


William Esty, head of the Department of Electrical Engi- 
neering, Lehigh University and Fellow of the Institute since 
1913, died suddenly at Pocono Lake preserve, Bethlehem, Pa. 
July 6, while enroute to the summer eamp of Doctor William 
Pomp Walker, head surgeon of St. Luke's hospital of this city. 
llis ear stalled on a steep hill and Professor Esty started to walk 
to a garage about 100 yards distant. He collapsed and had 
died by the time assistance reached him. 

Professor Esty was born at Amherst, Mass. July 9, 1868, 
obtaining his degree of A. B. at Amherst College in 1889 and an 
M. A. degree in 1893. Subsequent to his graduation from 
Amherst in 1889, he entered the Massachusetts Institute of 
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Résumés of these by seniors: Electric Elevators, by F. W. Drew; 
Lightning, by R. W. Folsom, and 


Operation of Single-Phase Induction Motors, by I. N. Gove. 
Motion picture, entitled "Making Mazda Lamps," was 
shown. May 26. Attendance 31. 


College of the City of New York 
June 19. Attendance 13. 


Northeastern University 


The Cathode Ray Oscillograph, by Milton W. Jepson, student. 
May 31. Attendance 41. 


Theater party. 


Technology and graduated with a degree of S. B. in E. E. in 
1893. He then entered the factory of the Thomson-Houston 
Electrice Company at Lynn, Mass. and there spent a year in 
completing a so-called ‘‘expert course” given there. Here he 
was also employed in the Calculating Department, carrying out 
special investigations in railway and motor engineering. In 
the Fall of 1893 he accepted a position as Instructor in Electrical 
Engineering at the University of Illinois and in 1895 was pro- 
moted to an assistant professorship. In 1898 he was again 
promoted to Associate Professor in Eleetrieal Engineering and 
for one year was in responsible charge of the department. In 
1901 his call to Lehigh University came and he accepted, be- 
coming Assistant Professor in Electrical Engineering. His 
work was exclusively with the upper classes, including juniors, 
seniors and post-graduates, in sole charge of many theses in- 
vestigations. The results of some of these investigations, 
together with other work led to the publieation of Professor 
Esty's article entitled “Some Experimental Data on the Design 
of Electromagnets” and published in The Technograph, an 
annual publication of the Engineering Society of the University 
of Illinois. It was also published in the Electrical World, Vol. 
XXV., p. 565. Some other contributions of Professor Esty’s 
to technical literature are “A Descriptive Index of Some Typical 
Electric Light and Power Central Stations and Isolated Plants,” 
"Data on Electric Car Heaters," “Effects of Temperature on 
Insulation Materials." ''L'Eclairage Electrique,” Electrican, 
"London and Electrical Engineering Courses at College and the 
Edueation of the Electrical Engineer," as published in the 
A. I. E. E. Transactions, Vol. XIX, p. 1155. "These are his 
shorter papers; there were also several books in eoauthorship 
with Professor Franklin, all eonsidered authorities on their 
several subjects, and one, A-C. Machinery published in 1911 
reaching a new edition in 1920. Professor Esty was a member 
of the Society for the Promotion of Engineering Education and 
was first elected to membership in the Institute in 1895. 


Henry Herbert Lloyd, who was elected to membership in 
the Institute in 1894 and late president of the Eleetrie Storage 
Battery Company, Philadelphia, Pa., died July 3 after a long 
illness. Born in Wales, July 2,1862, Mr. Lloyd passed Cambridge 
local examinations for students not members of the University. 
He came to this country to take graduate chemistry work and 
forty years ago took eharge of the Welsbach Light Company; 
later assuming a similar position with the United Gas Improve- 
ment Company. His history in the storage battery field covers 
a period of some twenty years. Mr. Lloyd was a Fellow of the 
English Chemical Society, a member of the Racquet Club, 
Radnor Hunt, Philadelphia Country and Loeust clubs. 

William Pestell, vice-president of the Riley Stoker Corpora- 
tion and Fellow of the Institute (1913) was suddenly striken on 
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July 10 while on a business trip and died in his Pullman berth 
just as the train was entering New Orleans. Mr. Pestell was a 
native of Oakham, Rutland County, England, but had been a 
resident of Worcester, Mass. for almost two decades. His early 
technical education was acquired through home study and 
lecture courses, and in 1889 he joined the New England Electric 
Company of Boston, agents for Sprague Motors, his work being 
in the field of installation general repair and winding. The 
year 1891-1892 was spent with Naumkeag St. R. R. Company, 
Salem and the following seven years, as assistant electrical 
engineer for the Lynn and Boston St. Railway Company. His 
next connection was with the Worcester Consolidated St. Rail- 
way Company, as superintendent of motive power and 
machinery. 

For several years he was connected with the Allis-Chalmers 
Company of Boston and the J. G. White Engineering Company 
of New York. He was a member of the American Society of 
Mechanical Engineers, the Engineers’ Club of Boston, the 
Western Society of Engineers in Cleveland, the American 
Railway Association and the New England Railway Club. At the 
time of his death, Mr. Pestell was on his way to New Orleans to 
consult with the officials of a local engineering firm. 


Benjamin Needham Jones, general works engineer for the 
Otis Elevator Company of New York, treasurer of the National 
Metals Trades Association and Member of the Institute since 
1903, died Wednesday, July 4, at his home, Glen Ridge, New 
Jersey. He was born at Somerville, N. J., April 1, 1871 and 
after a private school education, spent five years at Stevens 
School, Hoboken and one year at Stevens Institute. In 1890 
he was chosen assistant to the superintendent of construction at 
the power house erected by the Edison General Electric Company 
Milwaukee; in 1891 took charge of the power plant at Princess 
Anne Hotel, Virginia Beach, Va. and in 1892 designed and super- 
intended the construction of a new 150-hp. plant to replace the 
old one at this hotel. Mr. Jones spent some time with the 
Sprague Electric Elevator Company in New York City and 
was sent by this Company to Chicago to make company install- 
tions there. He continued with the company until the Sprague 
Electric Company was formed and was then transferred to the 
Engineering Department to assist the superintendent of con- 
struction. In this connection, he spent several months with 
Mr. F. J. Sprague, equipping the South Side Elevated R. R. in 
Chicago with the ‘‘multiple unit system” of train control. In 
1898 he returned to New York to do general company work 
until 1900, when he resigned to accept a position as electrical 
engineer of the Marine Engine & Machine Company, Harrison, 
N. J. Mr. Jones was a member of The American Society of 
Mechanical Engineers and the American Society of Automotive 
Engineers. 


Edwin Britton Katte, chief engineer of electric traction on 
the New York Central Railroad for the last 22 years, passed 
away at his home, Lane’s End, Irvington-on-Hudson, July 20. 

Mr. Katte came of an engineering family, his father, Col. 
Walter Katte being for many years chief engineer of the New 
York Central. His mother was Elizabeth Britton, daughter of 
the former Mayor of St. Louis. The family dated back to 
Revolutionary days in Virginia. 


Mr. Katte was born in St. Louis, but received his gen- 
eral education in the private schools of New York City. Mr. 
Katte received his degree in mechanical engineering from 
Cornell University—Sibley College—in 1893. The following 
year he received the graduate degree of Master Mechanical 
Engineer. 

For one year he was in the Erecting and Testing shops of 
Henry R. Worthington, Brooklyn, remaining there for two years 
gaining much experience in the testing of electric pumps and 
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later, large water works engines. He was next with the Park 
Avenue Improvement Commission for two years as assistant 
engineer in charge of superstructure. His career as a railroad 
man then began and for four years he was with the New York 
Central and Hudson River Railroad Company as mechanical 
engineer in eharge of heat, light and power stations as well as 
fuel and water supply. This is the work in which he continued 
until his appointment as eleetrieal engineer in charge of electric 
traction work. Mr. Katte was a former vice-president of The 
American Society of Mechanical Engineers, former president 
of the New York Electrical Society, a member of the American 
Railway Association engineering Association and a Fellow of the 
Institute since 1912. He was recognized as one of the most 
important engineers in the American development of electric 
transportation on steam railroads. He was a member of Kappa 
Alpha, the Century Club, the Railway Transportation Club, 
the New York Club and the University Club of New 
York. 


Arthur L. Freyer, who for the last 10 years has served the 
Northern Indiana Publie Service as distribution engineer died 
late in June in St. Margaret's Hospital, Hammond, Ind. He 
was born in Michigan City 46 years ago and after graduating 
from high school attended the Valparaiso University. Com- 
pleting the advanced electrical engineering course. he assumed 
the charge of the electric light and water plant at Walkerton, 
where he served for 12 years. For the next two years he was 
superintendent of the Plymouth Power and Light Company 
before coming to Hammond, to enter the engineering department 
of the Northern Indiana Gas & Eleetrie Company. Mr. Frever 
became an Associate of the Institute in 1922. 


Robert I. Todd, president of the Indianapolis Street Railway 
Company and former president of the American Electric Railway 
Association, died about midnight of July 13, of heart disease. 
Mr. Todd joined the Institute in 1904 as an Associate and was 
later elected a Member. He was born at Lakewood N. J., 
November 29, 1869, was a graduate of Johns Hopkins 
University’s Electrical Engineering course from which he re- 
ceived his E. E. degree in 1893, and immediately thereafter went 
to work for the City and Suburban Railway Company of Washing- 
ton, D. C. as superintendent and electrical engineer. During 
the next thirteen years he served with various engineering firms, 
most of them traction companies, including The Rhode Island 
Company, Providence, R. I. as General Manager and The 
Cincinnati Traction Company as second vice-president and 
General Manager, General Master mechanic of the Consolidated 
Traction Company of Pittsburgh, engineer of the American Air 
Power Company, New York, N. Y. 


For the past twelve years he had eoncentrated his activities in 
Indianapolis, where he was president of the Terre Haute, Indian- 
apolis and Eastern Traction Company, the Broad Ripple 
Traetion Company, Terre Haute Traction and Light Com- 
pany, Indianapolis and Northwestern Traction Company, 
Indianapolis, and Eastern Railway Company, Indianapolis and 
Greentield Rapid Transit Company, the Arcade Realty Com- 
pany, United Tractions Coal Company, the Indiana Motor 
Transit Company and a number of additional associate 
companies. 


He served at one time as president of the American Electric 
Railway Association, of the Central Electrice Railway Association 
and of the American Electric Railway Transportation & Traffic 
Association. He was a member of the American Institute of 
Electrical Engineers and was a member of a number of prominent 
Indianapolis clubs. 

He resided at 1329 North New Jersey Street and is survived by 


a wife, who before her marriage was Miss Charlotte L. Vinal of 
Middletown, Conn., and one son, Robert W. Todd. 
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The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in tts field. 
ninth St., New York. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 160,000 volumes and pamphlets and receives currently 
Itis housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The«Library maintains a collection of modern technical books which may be rented by members residing in North 


America. A rental of five cents a day, 


lus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 6 p. m. 


BOOK NOTICES JUNE 1 TO JUNE 30 

Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Institute does not assume respon- 
sibility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 

ALLGEMEINE CHEMISCHE TECHNOLOGIE. 

By H. Bauseh. Berlin, Walter de Gruyter & Co., 1928. 
155 pp., 6x 4in., cloth. 1.50rm. 

A popular account of the present status of general chemical 
technology. Includes acids and alkalies, cements and glass, 
petroleum coal, dyes, fats and oils, rubber, ete. 

AUTOMATIC TELEPHONY SIMPLIFIED. 

By C. W. Brown. N. Y., and London, Isaac Pitman & Sons, 
1928. 168 pp., illus., diagrs., 7 x 5 in., cloth. $1.75. 

The contents of this volume recently appeared as a series of 
articles in the Telegraph and Telephone Journal. The book 
deals with principles of automatice telephony and gives only a 
view of the numerous circuits in detail. 
ELEKTRIZITATSWIRTSCHAFT. 

By R. Fischer. Berlin, Walter de Gruyter & Co., 
148 pp., 6x 4 in., illus., diagrs., tables, cloth. 1.50 rm. 

On the electricity industry, reviewing the methods of obtaining 
energy, the demand for electricity and the production and 
distribution of it. There is a short chapter on rate-making, 
followed by an account of the electrical industry in Europe and 
the United States. 

THe ELEMENTS OF HvpnoLocv. 

By Adolph F. Meyer. 2nd edition. N. Y., John Wiley & 
Sons, 1928. 522 pp., illus., diagrs., tables, maps, cloth. $5.00. 

This book contains chapters on atmosphere, water, precipita- 
tion, evaporation and stream flow. This, the second edition, 
includes about 40 pages of new material, such as rainfall studies 
by the Miami Conservancy District, and the work by Marston 
on the area covered by intense rainstorms of short duration. 
The new evaporation formulas by Horton and Parshall are added 
and Houk’s runoff studies at Dayton are summarized. Ver- 
meule’s and the Minnesota runoff formulas are also included. 
EsTiMATING BUILDING Costs. 

By William Arthur. 3rd edition. N. Y., Scientific Book 
Corporation, 1928. 233 pp., diagrs., tables, 7 x 5 in., cloth. 
$2.00. 

This book is especially written for building tradesmen, con- 
tractors, material men, and technical students. It is intended 
as a guide in the construction of small buildings, and has an 
introduction to the ‘‘New Building Estimators’ Handbook.” 
Five HUNDRED SHEET STEEL Propucts AND WHo Make THEM. 

Compiled by Sheet Steel Trade Extension Committee. 
Pittsburgh, Pa., 1927. 445 pp., 11x 8in., boards. $3.00. 

This book gives a brief history of iron and steel, lists of manu- 
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facturers of sheet steel, alphabetical lists of fabricators and sheet 
steel products with the names of manufacturers. The compilers 
of this volume have tried to facilitate the work of buyer and seller 
by making it as easy as possible for the former to quickly locate 
the latter. 


HocHFREQUENZMESSTECHNIK IHRE WISSENSCHAFTLICHEN UND 
PRAKTISCHEN GRUNDLAGEN. 

By August Hund. 2nd ed. Berlin, Julius Springer, 1928. 
526 pp.,9 x 6in., cloth. 39 rm. 

The extraordinarily rapid development of the subject of high 
frequency has led to a second enlarged edition of this book. 

Long derivations of formulas have been placed at the end of the 
book, and explanations have been printed on the diagrams so 
that they can be studied without the text. Material has been 
added on voltage measurement using tubes, also on magnetic 
or electric fields in space. The theory of the long horizontal 
antenna has been expanded and the subjects of frequency meas- 
urement, the use of the piezoelectric generator and resonator 
for frequency standards are discussed. 


INDUSTRIAL MANAGEMENT. ; 

By Richard H. Lansburgh. 2nd edition. N. Y., John Wiley 
& Sons, 1928. 509 pp., 9 x 6 in., illus., charts, cloth. $4.50. 

This book has been revised in accordance with many changes 
in management technique and management emphasis. The 
subject of mechanization has been stressed and the chapters on 
specialized machinery, material handling, and management 
control through costs, have been expanded. Chapters on the 
effects of quantity production and planning, operating the budget 
and the relationship of management and organization labor have 
been added. 


Keystone Coat Mining Caratoa, 1927. N. Y., McGraw- 
Hill Catalog and Direetory Company, Ine., 1927. 842 pp., 
. illus., tables. 11 x& in., cloth. $15.00. 

One of the features of this edition is the bringing together of the 
Engineering Data and its arrangement as & separate and special 
section in the back of the book. This, together with the elimi- 
nation of textbook treatises and data not pertinent to pur- 
chasing problems, has reduced the bulb of the catalog and made 
it more eonvenient for reference. 

The manufacturers’ descriptive information on their products 
is arranged and indexed so that details on particular supplies 
and equipment can be found quickly. 


MECHANICAL ENGINEERING, A TEXT-BOokK FOR A SHORT COURSE. 

By W. A. Mitchell. N. Y., John Wiley & Sons, 1928. 402 
pp., diagrs.,9 x 6in,, cloth. $4.00. 

This book has been prepared for the cadets of the United States 
Military Academy. It is intended to teach the cadet enough of 
the principles of mechanical engineering so that he may in the 
future understand the practical engineering requirements of his 
profession. 
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MECHANOCHEMISTRY AND THE"COLLOID MILL, INCLUDING THE 
PRACTICAL APPLICATIONS OF FINE DISPERSION. 

By Pierce M. Travis. N. Y., Chemical Catalog Co., 1928. 
181 pp., 9x 6 in., illus., diagrs., cloth. $4.00. 

By mechanochemistry the author means the new science of 
mechanical dispersion, involving the principles of physical 
chemistry. He selects this term because it involves dispersion 
or deflocculation by mechanical means rather than by chemical. 
In visualizing the problem and working with some degree of 
intelligence in trying to solve some of the mysteries of the so-called 
colloidal state of matter, one may proceed by a sort of trial and 
error method. The author hopes that this book may eliminate 
the guess method in such operations. 

OuTLINES or Pustiic Utiuiry Economics. 

By Martin G. Glaeser. N. Y., Macmillan Company, 1927. 
847 pp., diagrs., charts, tables. 9x6in.,cloth. $4.25. 

This book is the outgrowth of seven years of teaching of the 
subject of public utilities in university classes. It is intended 
to present the subject in a way which will introduce the reader to 
the field in its entirety, because of the great degree of interaction 
between conditions in the several public service industries. A 
selected bibliography has been included, as well as questions for 
review, and problems. 

PHOTOCHEMICAL PROCESSES. 

By George B. Kistiakowsky. N. Y., Chemical Catalog 
Company, 1928. 270pp. 9x 6in., cloth. $5.50. 

In this volume the author has attempted an analysis from the 
standpoint of quantum theory to those photochemical reactions 
of which the study has been sufficiently detailed so that some 
definite conclusions concerning the kinetics of the process can 
bereached. Thechapter headings are: Concept of Light Quanta 
and Photochemical Kinetics; The Equivalence Law; Chain 
Reactions; Photosensitisation; Catalysis and Inhibition; and 
Frequency of Radiation, Temperature and the Rate of Photo- 
chemical Reactions. 

PRACTICAL SHEET MeTAL Duct CONSTRUCTION. 

By William Neubecker. 4th ed. N. Y., Sheet Metal Publi- 
cation Co., 1928. 225 pp., illus., diagrs., 8x 6 in., cloth. $3.00. 

This book relates to the construction and erection of heating 
and ventilating ducts, registers and dampers. It illustrates the 
method of calculating areas of pipes and ducts, and the con- 
struction of a large ventilator. It also describes the design 
and layout of duct fittings and the method of taking off quantities 
of material in duct work. 

PRINCIPLES OF MECHANISM. 

By F. Dyson. N. Y., Oxford University Press, American 
Branch, 1928. 296 pp., diagrs., 9 x € in., cloth. $4.25. 

The author has written this book for students studying the 
fundamental principles of moving parts of machines. No attempt 
has been made to apply the principles involved to the design of 
actual machines. The text contains examples with their solu- 
tions, and problems have been placed at the end of each chapter. 


STORAGE BATTERIES, THEORY, MANUFACTURE, CARE AND 
APPLICATION. 
By Morton Arendt. N.Y., D. Van Nostrand Company, 1928. 


285 pp., illus., diagrs., 9 x 6 in., eloth. $4.50. 

This book is a development of lectures to engineering students 
at Columbia University and to offieers at the United States 
Submarine School. It is based on the author's practical experi- 
ence in battery manufacture and maintenance, which features 
have been emphasized. Only such theory as is actually necessary 
to account for reactions and cell characteristics has been con- 
sidered. The influence of plate construction, purity of material 
and electrolytic diffusions as primarily controlling cell behavior 
has been given special consideration. i 
SURVEYING, THEORY AND PRACTISE. 

By Raymond E. Davies, Francis S. Foote and W. H. Ravner. 
N. Y., McGraw-Hill Book Co., 1928. 1016 pp., illus., diagrs., 
tables, 8 x 5 in., cloth. $5.00. 
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This book is intended for use in surveying classes as ordinarily 
conducted in engineering schools during the freshman or sopho- 
more year. It has also been the aim of the authors to produce a 
treatise on the subject of surveying sufficiently comprehensive 
to be of value to practising engineers and surveyors. 

The elementary phases of the theory and practise of surveying 
have been treated in considerable detail. The more advanced 
phases of the subject have been discussed, methods used on 
extensive surveys under a variety of conditions have been 
described, and the relative advantages of the different methods 
as affected by field conditions have been considered. 


TASCHENBUCH FUR BAUINGENIEURE. 

Edited by Max Foerster. 2 vols. 5th *edition. Berlin, 
Julius Springer, 1928. Vol. 1, 1115 pp., vol. 2, 1422 pp., 8x5 
in., diagrs., tables, cloth. 42.50 rm. 

The first volume of this handbook takes up the theoretical 
and fundamental subjects, mathematics, mechanics, ete., sur- 
veying, machines used on construction, and finally, short sections 
on telephony, telegraphy and devices for safety in railway 
operation. 

The second volume is on construction, including wood and 
masonry, iron bridges, water engineering (river and sea works, 
canals, dams and water power) water supply and drainage, roads, 
earthwork, tunnels, and railway construction. 


TeEcHNICAL Drawina, A MANUAL FOR EVENING CLASSES AND 
JUNIOR TECHNICAL SCHOOLS. 

By George Edwin Draycott. N. Y., Oxford University Press, 
American Branch, 1927. 232 pp., illus., diagrs., 7 x 5 in., cloth. 
$2.00. 

This book is intended to illustrate a method of instruction in 
technical drawing for evening classes and junior technical 
schools. In order to avoid the tendency to turn the subject 
into engineering drawing on one hand or building on the other, 
the subject is based upon exercises in plane and descriptive 
geometry into which simple objects other than the required 
geometrical solids may be introduced even in the earlier stages. 


A Text Book or TELEGRAPHY, THEORETICAL AND PRACTICAL. 

By A. E. Stone. London, Maemillan and Co., 1928. 455 
pp., diagrs., 9 x 6 in., eloth. 20s. 

This book is intended to meet the requirements of those stu- 
dents who are preparing for examinations. The author has tried 
to make the descriptions of apparatus and systems complete 
without confusing the mind of the reader with intricate diagrams. 
Special attention has been given to multiplex systems and type- 
printing telegraphs; and the underlying principles of submarine 
telegraphy and radio telegraphy are taken up. 


Two Essays iN EARLY Locomotive History. 

By C. F. Dendy Marshall. London, Locomotive Publishing 
Co., 1928. 120 pp., illus., diagrs. 11x8 in., cloth. 12 6. 

This book contains the principal facts, so far as they can be 
ascertained by the author on the first hundred locomotives that 
were actually built. The work of each builder is taken up 
separately. The question of British locomotives in North 
America is discussed as well as engines supplied to Canada. 
About 120 engines were supplied to railways in the United States, 
but after 1836 the demand for British engines ceased as the rail- 
ways built their own. 


VERSUCHE MIT ALLSEITIG AUFLIEGENDEN RECHTECKIGEN 
EISENBETONPLATTEN UNTER GLEICHMASSIG VERTEILTER 
BELASTUNG.  V. 2. 

By Otto Graf. Berlin, Wilhelm Ernst & Sohn, 1926. (Deut- 
seher Aussehuss fur Eisenbeton, heft 56.) 32 pp., illus., diagrs., 
tables, 11 x 7 in., paper. 6,90 rm. 

Presents in detail the results of an extended series of tests 
carried out in the materials laboratory of the Stuttgart Technical 
High School during the years 1921-1925, as a continuation of 
those published in 1915 in this same series of reports. 
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W ECHSELSTROM-KOMMUTATORMASCHINEN. 


By Karl Baudiseh. Berlin, Walter de Gruyter & Co., 1928. 
1.50 rm. 


Takes up the method of operation and the application of 
commutator machines, the commutator armature and its proper- 
ties, and single and polyphase commutator motors. 

Year Book ON Coat MINE MECHANIZATION. 


104 pp., illus., diagrs., 6 x 4 in., cloth. 


Compiled by G. B. Southward. Wash., American Mining 


PU 
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Congress, 1928. 273 pp., illus., diagrs., 9 x 6 in., paper. 
This Year Book is the result of several years of constant effort 
on the part of the National Standardization Division of the 
American Mining Congress, through the Mining and Loading 
Section, to promote the introduction of mechanical methods of 
It contains history of mechanization; statistics on 
mechanical loading; mechanized mining in various states; the 
mechanization survey and reports on it, types of mechanization 
equipment and a bibliography on coal mine mechanization. 


production. 
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$3.00. 
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Engineering Societies Employment Service 
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uerit 


Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 


tng with the Western Society of Engineers. 


The servicezs available only to their membership, and is maintained as a coop- 


erative bureau by contributions from the societies and their individual members who are directly benefited. 
Offices:—31 West 89th St., New York, N. Y.,—W. V. Brown, Manager. 
1816 re bad ald Bldg., 205 W. Wacker Drive, Chicago, Ill., A. K. Krauser, Manager. 
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., San Francisco, Calif., N. D. Cook, Manager. 


MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 
requests received after an interval of one month. Names and records will remain in the active files of the bureau for a 


period of 


three months and are renewable upon request. 


Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 15th day 


of the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 


members of the Socteties concerned at a subscription of $8 per quarter, or $10 per annum, payable in advance. 


Posi- 


as a result of publication 1n the Bulletin may be announced herein, as formerly. 


tions not filled da 

VOLUNTAR ONTRIBUTIONS.—Members obtaining 
invited to cooperate with the Societies in the financing of the wor 
placement, on the basis of one and one-half per cent of the 


ositions through the medium of this service are 
by contributions made within thirty days after 
rst year's salary; temporary posilions (of one month or leas) 


three per cent of total salary received. The income contributed by the members, together with the finances appropriated 
by the four societies named above will 1t is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated 1n each case, with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 


ELECTRICAL-MECHANICAL ENGINEER 
with experience inlthe manufacture of high-tension 
underground and overhead equipment; oll switch 
experience particularly desirable; good knowledge 
of modern shop practise and ability to coordinate 
designing and manufacturing essential. Salary 
$1800 a year. Apply by letter. Location, Middle- 
west. X-5375-C 

JUNIOR ENGINEER, recent college grad- 
uate, 23-28, with or without experience in tele- 
phone engineering or associated work.  Experi- 
ence not essential as a six months' training pro- 
.gram is arranged. Must have initiative and 
potential supervisory ability. Salary $32-$40 a 
week. Location, New York. Apply by letter. 
X-5461. 


MEN AVAILABLE 


ELECTRICAL ENGINEER, 31, graduate, 
married. Six years high-tension, substation 
transmission line layout, design, material; two 
years with architect, complete plans, specifica- 
tions, engineering, wiring for light, power, signals; 
for theaters. office buildings, hotels, apartments: 
one year full charge electrical installations big 
buildings for contractor. Qualify as estimating 
engineer anywhere in United States. B-4217. 


TECHNICAL TRAINING. Ten years’ elec- 
trical experience. Past six years with large 
public utility. Line department wiring inspeetion, 
meter department. At present in charge of 
inspection and meter department can deal with 
customers; direct men. Speaks Spanish. Loca- 
tion, immaterial: foreign preferred. C-3057. 


GRADUATE, 21, single, who has obtained a 
B. 8. in Electrical Engineering desires a position 
with a company doing engineering work, prefer- 
ably electrical. Ready to do anything to get 
ahead. Location, New England or New York. 
C-4752. 


GRADUATE ELECTRICAL ENGINEER, 
1928, desires position with public utility or indus- 
trial concern. A position with opportunity for 
advancement desired. Location preferred, East. 
C-4528. 

ASSISTANT PROFESSOR OF ELECTRI- 
CAL ENGINEERING, 34, married, A. B. and 
A. M. degrees; 15 years college and university 
teaching; 5 summers public utility testing and 
transmission engineering; desires position as head 
of department or professor of Electrical Engineer- 
ing in first class engineering school. Location 
preferred, Midwest. C-4746. 


1928 GRADUATE IN E. E., of the Pennsyl- 
vania State College, desires a position with a 
public utility or manufacturing company. Has 
had one summer's experience in the general sales 
department of a power company. Took special 
courses in electric illumination, electric railways 
and radio. Location, immaterial.  C-4760. 


SUPERVISOR OF ELECTRICAL CON- 
STRUCTION, 42, engaged at present with City 
of Philadelphia, on construction of Broad Street 
Subway in above capacity; work nearing com- 
pletion. Available September 1, 1928. . B-9571. 


ELECTRO-MECHANICAL ENGINEER, 
graduate, 31, single; exceptionally good on supe- 
rior mathematics, experienced on all phases of 
transmission line layout and transmission tower 
design. Also experience on design of power 


houses, switch, houses, substations. Some 
mechanical practise. Moderate salary. Loca- 
tion, immaterial. C-401. 

ELECTRICAL ENGINEER, 32, married; 


1% years General Electric test: 144 years con- 
struction; 6 years design and construction central 
and substations. Can take charge of construction 
or design. Location, vicinity of New York City. 
Available immediately. B-8231. 


GRADUATE ELECTRICAL ENGINEER, 


desires position with public utility or industrial 
firm. Two years electrical test course. Three 
years assistant to Electrical Engineer of industrial 
company. Five years electric design of power 
plants and substations. Five years gas experi- 
ence on by product coke and water gas plant. 
B-8379. 


ELECTRICAL ENGINEER, 31, married. 
College graduate with two years’ construction and 
maintenance experience and seven years research, 
development and production management. Able 
to organize and produce results. Location and 
salary secondary to opportunity. C-4652. 


RECENT GRADUATE, A. B. in E. E., 22, 
single, desires position with a university, public 
utility or industrial concern doing test or re- 
search work. Four summer vacations experience 
with power company and nine months’ experience 
on Westinghouse E. & M. Co. test floor. C-4729. 


MECHANICAL AND ELECTRICAL ENGI- 
NEER, 31, married. Eight years’ experience on 
drafting board in all branches of mechanical 
work. Eight years' experience designing and 
building small electrical instruments. Broad 
knowledge of modern manufacturing methods. 
Some executive ability. Very good creative 
ability. Location, within commuting distance of 
Providence, R. I.  C-4745. 


ELECTRICAL ENGINEER, single, 28. 
Graduate, practical training and 6 years' experi- 
ence as plant engineer and designer: generating 
stations, substations, industrial substations. 
Listing estimating, investigating, designing, etc. 
for manufacturing concern, public utility, con- 
struction company, consulting engineer and 
industrial concerns. Speaks French and German. 
Available on short notice. Location, East or 
abroad. C-4758. 


ELECTRICAL ENGINEER, 23, single, E. E. 
degree. 1926, desires position in the commercial 
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department of a public utility or industrial firm. 
Sixteen months on test with the General Electric 
Company and now employed in training course of 
a public utility. Location, East, South or 
Middlewest. C-4810. 


ELECTRICAL ENGINEER, MANUFAC- 
TURING EXECUTIVE. American born, 
Christian. Technical graduate experienced in 
development, design and manufacture of instru- 
ments and small electrical apparatus. Expert in 
standardizing such products for commercial 
manufacture. Developing and planning new 
methods and processes, inspections and tests. 
Experienced executive, thoroughly familiar with 
modern factory organizations, selection and 
supervision of personnel. B-2721. 


GRADUATE ELECTRICAL ENGINEER. 
Especially acquainted with the selection and appli- 
cation of electrical equipment for power houses, 
substations, industrial plants, relay and meter 
practise, wiring diagrams, switchboard design. 
With operating experience. Desires position 
with a public utility or industrial concern. Loca- 
tion preferred, Middlewest or East. C-4696. 


ELECTRICAL ENGINEER, with 20 years’ 
practical experience in designing electrical ma- 
chines and apparatus, laying out transmission 
lines, substations; having had charge of research; 
sound theoretical knowledge in general engineer- 
ing problems, desires responsible permanent posi- 
tion, preferably Pittsburgh or East. Speaks 
German and French, would take representation 
abroad. C-693. 


LICENSED PROFESSIONAL ELECTRI- 
CAL ENGINEER, 37, married. Sixteen years’ 
broad experience in electrical design, construction 
and operation of power stations, sub-stations, 
lighting and power for industrial buildings; 
office and experiences in appraisal work; desires 
new connection with an engineering organization 
or public utility. B-5393. 


GRADUATE ELECTRICAL ENGINEER, 
B. S. in E. E., 1924: 27, married, no children. 
One year General Electric Test; two years office 
engineer in apparatus sales; six months electrical 
drafting: six months teaching in a recognized 
university. Available one month's notice. De- 


U^ 
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APPLICATIONS FOR TRANSFER 
To Grade of Fellow 


LAWS, FRANK A., Professor of Electrical 
Measurements, Mass. Inst. of Tech., Cam- 
bridge, Mass. 

To Grade of Member 


BALLEW, WALTER W., Branch Manager 
Westinghouse Elec. & Mfg. Co., Atlanta, 
Ga. 

BLOSS, ERNEST K., Asst. Elec. Engr., Boston 
& Maine Railroad, No. Billerica, Mass. 
CADWALLADER, JAMES A., Engineer of 
Transmission and Outside Plant, Bell Tele- 

phone Co. of Pa., Pittsburgh, Pa. 

CLARK. JAMES, Jr., President, James Clark 
Jr. Electric Co., Louisville, Ky. 

CONDON, E. J, Jn, Consulting Engineer, 
231 So. La Salle St., Chicago, Ill. 

DEMEY, CHARLES F., Rate Engineer, Central 
Hudson Gas & Elec. Corp., Poughkeepsie, 
N. Y. 

DINGLEDINE, RALPH K., Engineer, Ten- 
nessee Inspection Bureau, Nashville, Tenn. 

DOOLEY, DANIEL R., Engineer, 
Elec. Co. Ltd., Tokyo, Japan. 

DORFMAN, L. O., Manager Engg. Division, 


Automatic 


INSTITUTE AND RELATED ACTIVITIES 


sires teaching or sales position. 
preferred. C-4740. 


ELECTRICAL ENGINEER, 30, married. 
Honor graduate in E. E. Two years General 
Electric Test. Two years design a-c. motors and 
generators. Division engineer on electric railroad. 
Complete charge of all maintenance and con- 
struction work. Estimates and construction of 
new substations, sidings, etc. C-3080. 


ELECTRICAL ENGINEER, 29, married. 
Four years with Western Electric Company, 
switchboard wiring department; three years 
high-tension substation and power plant construc- 
tion experience, specializing in metallic tele- 
phone and carrier current telephone for trans- 
mission system. Can take complete charge of 
installation. Excellent references. C-4831. 


ELECTRICAL ENGINEERING GRAD- 
UATE, 27, single, good health, desires position 
with operating or public utilities company. 
Four years’ experience in electrical service and 
repair work and five years’ business experience 


Pacific coast 


devoted largely to selling. Available im- 
mediately. Southern location preferred but not 
essential. C-4828. 


ELECTRICAL ENGINEER. One year post 
graduate work and 12 years' experience in design, 
construction, research and development with deep 
understanding of fundamentals of electrical, 
electromagnetic and electromechanical phenomena, 
with many inventions to his credit, wishes con- 
nection as director, of industrial research labora- 
tory. Especially fitted for organizing new 
laboratory. Salary, $5500. B-4975. 


GRADUATE ELECTRICAL AND ME- 
CHANICAL ENGINEER. 18 years’ experience 
in electric substation construction and operation; 
in design, construction, operation and mainte- 
nance of electric locomotives, cars, shops, switch- 
boards, electrical and mechanical equipment. 
Broad factory and engineering experience with 
large manufacturer; A-1 mechanic. Positions 
held: assistant master mechanic, engineer of 
equipment, construction foreman, engineering 
inspector. C-4519. 


GRADUATE ELECTRICAL ENGINEER, 
31, single, with four years’ experience on motor 


Westinghouse Elec. & Mfg. Co., Cincinnati, 
Ohio. 

ELLIS, GOULD, Supt. of System Operation, 
Appalachian Electric Power Co., Charleston, 
W. Va. 

FARNELL, WILLIAM C. F., Member of Tech- 
nical Staff, Bell Telephone Labs., New York, 
N. Y. l 

FISHER, ALLEN H., Asst. General Mgr., The 
Guanajuato Power & Elec. Co., Guanajuato, 
Gto., Mexico. 

GRAHAM, FRANK H., Telephone Engineer, 
Bell Telephone Labs., New York, N. Y. 
GREEN, A. BARNETT, Engineering Editor and 
Writer, 1328 Broadway, New York, N. Y. 


HALE. ROBERT S., Supt. Special Research 
Edison Elec. Ill. Co., Boston, Mass. 


HOOKE, ROBERT G., Engineer, Elec. Distribu- 
tion Dept., Public Service Elec. & Gas Co., 
Newark, N. J. 


HUBBARD, RALPH B. Technical Asst. to, 
Supt... Public Service Co. of Colorado, 
Boulder, Colorado. 


KEENER, CHARLES A.. Associate in Elec. 
Engg., University of Illinois, Urbana, Ill. 


LAWTON, ROBERT HB, Supt. Big Creek 


Journal A. I. E. E. 


repairing, wiring and mechanical work: two years 
electrical construction and maintenance, desires 
connection with manufacturing concern where a 
constructive mind and practical knowledge are 
needed. Location, New York City and vicinity. 
C-4837. 


ELECTRICAL ENGINEER, 30, married, 
desires work on hydroelectric construction or 
operation, Experience: two years hydro, one and 
one-half years steam plant operation, one and one- 
half years substation construction, four years high- 
head hydroelectric construction. Now chief 
electrician hydroelectric construction. Expert 
switch-board wireman. Location immaterial: 
Japan or India preferred. C-4482. 


ELECTRICAL ENGINEER, 35, married. 
Seven years sales specialist, excellent knowledge 
of use and costs pole line construction material. 
Also four years’ electrical experience in con- 
nection with industrial plants and central stations. 
Wide acquaintance with central station field. Has 
knowledge of purchasing. Location, East, South 
or Middlewest. B-1196. 

ELECTRICAL ENGINEER, Canadian, 
McGill graduate. Good balance of design, con- 
struction, operating engineering on hydroelectric 
stations, substations. Thorough understanding 
of engineering principles and their application. 
Have supervised design, research on various types 
substations. Six years’ experience with Ameri- 
can, Canadian organizations, including electrical 
laboratory, electrical design, inspection: checker: 
assistant engineer of design. Also independent 
business experience. C-4668. 


ELECTRICAL ENGINEERING GRADU- 
ATE, 1928, 23, single, would like position as 
assistant to chief engineer of manufacturing 
concern or in the research test field. Good 
personality, reliable and industrious. C-4829. 

EXECUTIVE-ENGINEER, American, tech- 
nical graduate with twenty years’ experience on 
design and construction of transmission lines up 
to 132-kv. distribution systems, rural lines. 
generating stations, substations up to 132-kv. 
buildings, valuations, tax reports, testing and 
some operating experience. Capable of organiz- 
ing and carrying on big work. Location, United 
States. C-4852. 
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MEMBERSHIP —Applications, Elections, Transfers, Etc. 
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Erpen 


Division, So. Calif. Edison Co., Big Creek, 
Calif. 
LEAVITT, LOUIS S., Managing Editor, Electric 
Light and Power Magazine, Chicago, Ill. 
PERRY, DONALD B., Engineer, American Tel. 
& Tel. Co., New York, N. Y. 


PLANK, HEBER E., Manager, General Elec. 
Co., Seattle, Wash. 


POLK, J. LANE, Jr., Asst. Transmission Line 
Engineer, Penn. Power & Light Co.. Allen- 
town, Pa. 


PRESTON, RAY W. Estimating Engineer, 
Big Creek Project, So. Calif, Edison Co., 
Big Creek, Calif. 

ROBINSON. LYLE B., Transformer Specialist, 
General Elec. Co., Seattle, Wash. 


SEELYE, HAROLD P., Engineer, 
Edison Co., Detroit, Michigan. 
SIEWERT, H. P., Meter Engr., Public Service 

Co. of No. Ill., Chicago, Ill. 

STEMMONS, BEVERLY L., Electrical E ngi- 
neer. Duke Power Co., Charlotte, N. C. 
STEVENS, HENRY R., Consulting Engineer, 

625 Liggett Bldg.. Seattle, Wash. 
STORM, HANS O., Electrical 
Federal Telegraph Co., Palo Alto, Calif. 
WOOLEY, WILLIAM C, Elec. Engr., Moloney 

Elec. Co., St. Louis, Mo.! 


Detroit 


Engineer, 


August 1928 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
‘retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a grade higher than Asso- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Secretary before August 31, 1928. 

Almon, C. P., Jr., Alabama Power Co., Birming- 
ham, Ala. 

Ayers, B. H., Louisville & Nashville R. R. Co., 
Louisville, Ky. 

Bartlewski, F. J., American Machine & Foundry, 
Co., Brooklyn, N. Y. 

Bell, W. L., 4807 Baum Blvd., Pittsburgh, Pa. 

Berger, M., 32 Georgia Ave., Long Beach, N. Y. 
(Applicant for re-election.) 

Brick, J. D., Electric Controller & Mfg. Co, 
New York, N. Y. 

Brown, H. W., (Member), General Electric Co., 
Schenectady, N. Y. 

Cave, J. S., (Member), Snook, Martin & Co., 
Columbus, Ohio 

Coyer, E. F.. Mountain States Tel. & Tel. Co., 
Denver, Colo. 

Cromwell, P. C., Byllesby Engineering & Manage- 
ment Corp, Pittsburgh, Pa. 

Dunkman, E. H., The Triumph Electric Corp., 
Cathage, Cincinnati, Ohio 

Ellerman, L. H., City of Los Angeles, Bureau of 
Pr. & Lt., Los Angeles, Calif. 

Engholm, B. A., The Rola Co., Oakland, Calif. 

Gatchell, L. R., Municipal Architects Office 
Washington, D. C. 

Gelin, L., Coverdale & Collpits; I. R. T. Co., 
New York, N. Y. 

Geoghegan, E. D. A., Radio Corp. of America, 
New York, N. Y. 

Ghiselin, W. F., General Electric Co., Houston, 
Texas 

Graeter, R. M., The L. E. Myers Co., Dallas, 
Texas 


INSTITUTE AND RELATED ACTIVITIES 


Graham, C. H., United Engineers & Constructors' 
Inc., New York, N. Y. 

Griffiths, R. A., 8 Fort Charles Place, New York, 
N.Y. 

Hamilton, R. S., Western Union Telegraph Co., 
New York, N. Y. 

Hill, J. W., Wagner Electric Corp., St. Louis. Mo. 

Horn, R. C., Southwestern Bell Tel. Co., Dallas, 
Texas 

Hudson, H. A., Wagner Electric Corp., St. Louis, 
Mo. 

Hume, F., (Member), Southern Bell Tel. & Tel. 
Co., Atlanta, Ga. 

Jacobus, T. C., P. O. Box 750, Schenectady, N. Y. 

Jones, H. E., Mountain States Tel. & Tel. Co., 
Denver, Colo. 
(Applicant for re-election.) 
King, P., 541 West 124th St., New York, N. Y. 
Kretz, W. H., Jeffery-Dewitt Insulator Co. & 
Champion Switch Co., Kenova, West Va. 
Leonard, H. G., Winchester Repeating Arms Co., 
New Haven, Conn. 

Loughridge, D. H., United States Steel Corp., 
New York, N. Y. 

Ludorf, L. Z., Pennsylvania Pr. 
Wilkes-Barre, Pa. 

Martin, H. G., Westchester Electrica] Equipment 
Co., Yonkers, N. Y. 

Martinsen, G. M., Southwestern -Beli Telephone 
Co., Houston, Texas 

McComb, C. W., Commonwealth Edison Co., 
Chicago, Ill 

McGann, F. A., (Member), Southern Bell Tel. 
& Tel. Co.. Louisville, Ky. 

McGillis, S. R., W. R. C. Smith Publishing Co, 
Atlanta, Ga. 

Meier, W. F., Illinois Power & Light Corp, 
East St. Louis, Ill. 

Menconi, L., Westchester Lighting Co., 
Vernon, N. Y. 

Meyer, A. W., New York Tel. Co., Syracuse, N. Y. 

Mower, N. L., The United Electric Lt. & Pr. Co., 

» New York, N. Y. 


Moyer, J. A. (Member), Commonwealth of Mass.$ 
Boston, Mass. 


& Lt. Co, 


Mt. 
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Nitschke, C. W., (Member), Mountain States 
Tel. & Tel. Co., Denver, Colo. 

Pierce, N. O., (Member), Mountain States Tel. 
& Tel. Co., Denver, Colo. 

Pitzer, H. W., The L. E. Myers Co., Dallas, Texas 

Plank, W. L., General Electric Co., West Phila- 
delphia, Pa. i 

Powell, M. H., Public Service Co. of Colorado, 
Denver, Colo. 

Reinhard, W. D., (Member), Dwight P. Robinson 
& Co., New York, N. Y. 

Scheel, K. C., Pacific Electric Manufacturing 
Corp., San Francisco, Calif. 

Shepperd, W. B., Century Electric Co., St. Louis, 
Mo. l 

Shiepe, E. M., 910 Cortelyou Road, Brooklyn, 
N.Y. 

Shih, C. Y., Mass. Institute of Technology, 
Cambridge, Mass. 

Smith, G. V., (Member), Ohio Brass Co., Mans- 
field, Ohio 

Sproul, H. R., Oliver United Filter Co., Oakland, 
Calif. 

Stark, H. N., Erie Malleable Iron Co., Phila- 


delphia, Pa. 
Tesch, E. F., Consumers Power Co., Jackson, 
Mich. 


Warner, R. W., (Member), Kansas City Power 
& Light Co., Kansas City, Mo. 

Wise, E. M., (Member), General Eiectric Co., 
Houston, Texas 

Total 58. 


Foreign 
Munshi, J. K., Union Trading Co., Ahmedabad, 
Bombay, India 


Palit, H., Plutus Engineering Co., Benares City, 
India 


Thacker, M. S., Bristol Corp., The Manse, Long 
Ashton, Bristol, Eng. 


Urie, R. J., (Member), Tecnica de Instalaciones 
Electricas y Mecanicas, Tucuman, Argentina 


Total 4. 


628 INSTITUTE AND RELATED ACTIVITIES Journal A. I. E. E. 
OFFICERS A. I. E. E. 1928-1929 LOCAL HONORARY SECRETARIES 
President T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 
RB E H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House, 11 Castle- 
dis reagh St., Sydney, N. S. W., Australia. 
Junior Past Presidents F. M. Servos, Rio de Janeiro Tramways Light & Power Co., Rio de Janeiro, 
BANCROFT GHERARDI C. C. CHESNEY Brazil, S. A. 
Vice-Presidents Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 
0. 3. BERGUSGN CO prirni A. S. Garfield, 45 Bd. Beausejour, Paris 16 E. France. l 
F. W. Willis, Tata Power Companies, Bombay House, Bombay, India. 
E. R. NORTHMORE E. B. MERRIAM Gui : . E , A ] d 
uido Semenza, 39 Via Monte Napoleone, Milan, Italy. 
J. L. BEAVER H. A. KIDDER P. H. Powell, C b Coll Christchurch. New Zealand 
À H- Coobzs W. T. RvAN . H. Powell, Canterbury College, Christchurch, New Zealand. 
G. E. QUINAN Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. l 
W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 
Managers 
M. M. FOWLER F. C. HANKER 
H. A. Kipper E. B. MEYER A. I. E. E. COMMITTEES 
E. C. STONE H. P. LIVERSIDGE 
I. E. MOULTROP J. ALLEN JOHNSON The list of committees is omitted from this issue, as new appointments are 
H. C. DoN CARLOS A. M. MacCutTCHEON being made for the administrative year beginning August 1. The new commit- 
P. J. CHESTERMAN A. E. Bettis tees will be listed in the September issue. 
National Treasurer National Secretary 
GEORCE A. HAMILTON F. L. HUTCHINSON A. I. E. E. REPRESENTATION 
Honorary Secretary A complete list of A. I. E. E. representatives on various bodies will be published 
RALPH W. PoPE in the September issue. 
LIST OF SECTIONS 
Akron Detroit-Ann Arbor Mexico Portland, Ore. Springfield, Mass. 
Atlanta Erie Milwaukee Providence Syracuse 
Baltimore Fort Wayne Minnesota Rochester Toledo 
Boston Indianapolis-Lafayette Nebraska St. Louis Toronto 
Chicago Ithaca New York San Francisco Urbana 
Cincinnati Kansas City Niagara Frontier Saskatchewan Utah 
Cleveland Lehigh Valley Oklahoma Schenectady Vancouver 
Columbus Los Angeles Panama Seattle Washington, D. C. 
Connecticut Louisville Philadelphia Sharon Worcester 
Dallas Lynn Pittsburgh Southern Virginia Total 63 
Denver Madison Pittsfield Spokane 
Note: Names of new officers will be printed in the September JouRNAL. Names of officers serving to July 31 may be found in the July JOURNAL. 


LIST OF BRANCHES 
Akron, Municipal University of, Akron, Ohio 
Alabama Polytechnic Institute, Auburn, Ala. 
Alabama, University of, University, Ala. 
Arizona, University of, Tucson, Ariz. 
Arkansas, University of, Fayetteville, Ark. 


Armour Institute of Technology, 3300 Federal St., Chicago, Ill. 
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y. 


Bucknell University, Lewisburg, Pa. 

California Institute of Technology, Pasadena, Calif. 
California, University of, Berkeley, Calif. 

Carnegie Institute of Technology, Pittsburgh, Pa. 
Case School of Applied Science, Cleveland, Ohio 
Catholic University of America, Washington, D. C. 
Cincinnati, University of, Cincinnati, O. 

Clarkson College of Technology, Potsdam, N. Y. 
Clemson Agricultural College, Clemson College, S. C. 
Coiorado, University of, Boulder, Colo. 


Colorado State Agricultural College, Fort Collins, Colo. 


Cooper Union, New York, N. Y. 

Denver, University of, Denver, Colo. 
Detroit, University of, Detroit, Mich. 
Drexel Institute, Philadelphia, Pa. 

Duke University, Durham, N. C. 

Florida, University of, Gainesville, Fla. 
Georgia School of Technology, Atlanta, Ga. 
Idaho, University of, Moscow, Idaho 

Iowa State College, Ames, Iowa 

Iowa, State University of, Iowa City, Iowa 
Kansas State College, Manhattan, Kansas 
Kansas, University of, Lawrence, Kans. 
Kentucky, University of, Lexington, Ky. 
Lafayette College, Easton, Pa. 

Lehigh University, Bethlehem, Pa. 

Lewis Institute, Chicago, Ill. 

Louisiana State University, Baton Rouge, La. 
Louisville, University of, Louisville, Ky. 
Maine, University of, Oronto, Maine 


Marquette University, 1200 Sycamore St., Milwaukee, Wis. 
Massachusetts Institute of Technology, Cambridge, Mass. 


Michigan State College, East Lansing, Mich. 

Michigan, University of, Ann Arbor, Mich. 

Milwaukee, School of Engineering of, 415 Marshall St., Milwaukee, Wis. 
Minnesota, University of, Minneapolis, Minn. 

Mississippi Agricultural & Mechanical College, A. &. M. College, Miss. 
Missouri School of Mines & Metallurgy, Rolla, Mo. 

Missouri, University of, Columbia, Mo. 

Montana State College, Bozeman, Mont. 

Nebraska, University of, Lincoln, Neb. 

Nevada, University of, Reno, Nevada 

Newark College of Engineering, 367 High St., Newark, New Jersey 
New Hampshire, University of, Durham, N. H. 
New York, College of the City of, 139th St. & Convent Ave., New York, N. Y. 
New York University, University Heights, New York, N. Y. 

North Carolina State College,Raleigh, N. C. 

North Carolina, University of, Chapel Hill, N. C. 

North Dakota, University of, University Station, Grand Forks, N. D. 
Northeastern University, 316 Huntington Ave., Boston 17, Mass. 
Notre Dame, University of, Notre Dame, Ind. 

Ohio Northern University, Ada, O. 

Ohio State University, Columbus, O. . 

Ohio University, Áthens, O. 

Oklahoma A. & M. College, Stillwater, Okla. 

Oklahoma, University of, Norman, Okla. 

Oregon State College, Corvallis, Ore. 

Pennsylvania State College, State College, Pa. 

Pennsylvania, University of, Philadelphia, Pa. 

Pittsburgh, University of, Pittsburgh, Pa. 

Princeton University, Princeton, N. J. 

Purdue University, Lafayette, Indiana 

Rensselaer Polytechnic Institute, Troy, N. Y. 

Rhode Island State College, Kingston, R. I. 

Rose Polytechnic Institute, Terre Haute, Ind. 

Rutgers University, New Brunswick, N. J. 

Santa Clara, University of, Santa Clara, Calif. 

South Dakota State School of Mines, Rapid City, S. D. 

South Dakota, University of, Vermillion, S. D. 

Southern California, University of, Los Angeles, Calif. 

Stanford University, Stanford University, Calif. 

Stevens Institute of Technology, Hoboken, N. J. 
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Swarthmore College, Swarthmore, Pa. 
Syracuse University, Syracuse, N. Y. 
Tennessee, University of, Knoxville, Tenn. 
Texas, A. & M. College of, College Station, Texas 
Texas, University of, Austin, Texas 

Utah, University of, Salt Lake City, Utah 
Vermont, University of, Burlington, Vt. 
Virginia Military Institute, Lexington, Va. 
Virginia Polytechnic Institute, Blacksburg, Va. 
Virginia, University of, University, Va. 
Washington, State College of, Pullman, Wash. 
Washington University, St. Louis, Mo. 


NOTE: 


Names of new officers will be printed in the September issue of the JOURNAL. 
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Washington, University of, Seattle, Wash. 
Washington and Lee University, Lexington, Va. 
West Virginia University, Morgantown, W. Va. 
Wisconsin, University of, Madison, Wis. 
Worcester Polytechnic Institute, Worcester, Mass. 
Wyoming, University of, Laramie, Wyoming 

Yale University, New Haven, Conn. 

Total 98 


AFFILIATED STUDENT SOCIETY 


Brown Engineering Society, Brown University, Providence, R. I. 


Names of officers serving to July 31 may be found in the July JOURNAL 
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Residual Air and Moisture in Impregnated Paper Insulation II 
Rocky River Hydroelectric Development 
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DIGEST OF CURRENT INDUSTRIAL NEWS 


unma i E T T ECHELLE LIH LEEOHEUULLH LLL LUE LL LIDLHUOULHLO LED UELUT LEO LUTEA LUUD DULL LLL LUE EHI LOU eno DA CS D ert e 


NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 


Ohmmeters.— Bulletin 300, 8 pp. Describes R-S portable, 
direct reading, slide wire ohmmeters, types COM, GOM, and 
SOM. Roller-Smith Company, 12 Park Place, New York. 

Motor Bearing Construction.— Bulletin 156, 4 pp. De- 
scribes the Wagner improved sleeve bearing and the Wagner 
ball bearing construction for its motors. Wagner Electric 
Corporation, 6400 Plymouth Street, St. Louis, Mo. 

Motors.— Bulletin 232, 4 pp. Describes Electro-Dynamic 
"elip-weld," ball bearing, squirrel cage, induction motors, 
1% to 30 hp. A number of new features in mechanical con- 
struction are incorporated in this line of motors. Electro 
Dynamic Company, Bayonne, N. J. 

Centrifugal Pumps.—Bulletin 7158, 32 pp. Describes 
Cameron multi-stage centrifugal pumps designed for modern 
high pressure boiler feeding, hydraulic service in steel mills, 
mine drainage, pipe lines, ete. Ingersoll-Rand Company, 
11 Broadway, New York. 

Arc Welding.— Bulletin GEA-995, 32 pp., “Are Welding in 
Industry." Illustrates the application of are welding to groups 
of basic operations commonly found in industrial plants. Bulle- 
tin GEA-423A, 28 pp., “Arce Welding in G-E Factories.” 
Describes the application of are welding in G-E manufacturing 
processes. General Electric Company, Schenectady, N. Y. 

Cable Supports.—Bulletin 31-F. Describes a complete 
line of Delta-Star spool insulator cable supports. The bulletin 
is entirely thumb indexed by pictures, enabling any desired type 
or size of support to be quickly located. The Delta-Star Electric 
Company, 2400 Block Fulton Street, Chicago, Illinois. 

Automatic Arc Welding.—Bulletin, 8 pp. Describes 
automatic are welding by the “Electronice Tornado” process. 
This new method of welding is claimed to be a pronounced 
improvement over past practise, and is the result of a newly 
discovered method for controlling and localizing the heat of the 
electric arc. Illustrations showing the application of the new 
process are contained in the bulletin. The Lincoln Electric 
Company, Coit Road and Kirby Avenue, Cleveland, Ohio. 


NOTES OF THE INDUSTRY 


G-E Sales Increase.—General Electric Company sales 
billed for the first half of 1928 amounted to $158,015,221.41, 
compared with $149,795,026.99 for the corresponding period 
last year, President Gerard Swope has announced. Profit 
available for dividends on common stock for the first half of 
1928 was $24,388,002.58 compared with $22,542,972.26 for the 
corresponding six months last year. 

For the six months ending June 30, orders received amounted 
to $170,357,797, compared with $155,655,828 for the first six 
months of last year, an increase of 9 per cent. 

The Wagner Electric Corporation, St. Louis, Mo., 
announces that Fred Johnson, heretofore in charge of the St 
Louis sales office, is now manager of the Los Angeles branch. 
This transfer brings to a close twenty-one years of service as 
district manager of the St. Louis territory. 

Alex R. Miltenberger, heretofore Pacific coast manager with 
headquarters in San Francisco, has been transferred to St. Louis 
as branch manager of that office. Mr. Miltenberger entered 
the employ of the Wagner Electric Corporation in 1909. 

New Ground Wire Clamp.—The Copperweld Steel Com- 
pany, Glassport, Penn., announces the development of a simple 
and effective grounding wire clamp. It is designed to encircle 
the ground rod and securely bind the grounding wire directly 
to the driven member. No solder or heat is required it merely 
being necessary to pass the grounding wire into the clamp which 
has been placed around the driven rod, then tighten by means of a 
set screw actuated by a set-screw wrench. So securely does 
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this simple little deviee clamp the wire to the driven member 
that, it is asserted, the wire is flattened against the rod thus 
inereasing its contact surface and eliminating the possibility 
of slippage. 

New Jersey Power & Lidht Co. to Build High Pressure 
Station.—Plans have been announced by W. S. Barstow & Co., 
Inc., for a new all-1200-lb. station to be built for the New Jersey 
Power and Light Company at Holland, N. J. The initial 
installation will eonsist of & 55,000 kw. turbine generating unit 
of the cross compound type, comprising a high and low pressure 
turbine with boiler reheat between them. The high pressure 
machine will turn at 3600 r. p. m., and will operate directly from 
the 1200 lb, 725 degrees F mains. The generators of both 
units will deliver power at 13,800 volts and will have a combined 
rating of 55,000 kw. An exciter of sufficient capacity to supply 
both units will be direct connected to the low pressure set. 

This station will be the second in the world to be designed 
entirely for high pressure steam generation. The Deepwater 
Station, the pioneer all high pressure station, was announced a 
few months ago. In both stations General Electric turbine 
generating units will be installed. 

G-E Elects Honorary Vice-Presidents.— The office of 
honorary vice president was created by the directors of the 
General Electric Company at their meeting on July 6. The 
board elected to this new office three prominent officials, including 
J. R. Lovejoy, vice president who has served the company 42 
years, George F. Morrison, vice president associated with the 
company 45 years, and B. G. Tremaine, one of the organizers of 
the National Lamp Division of the General Electric Company. 
All three are directors of the company and will continue to 
function as such, and will retain their association with the 
several departments of the company’s activities with which they 
have been so closely identified. Their new title is conferred 
on them in recognition of their long and valuable services to the 
company. 

T. W. Frech, manager of the incandescent lamp department 
of the company, was elected to the position of vice president in 
charge of the incandescent lamp department, and Dr. W. R. 
Whitney, director of the research laboratory, was elected a vice 
president of the company and director of research. 

Detroit Now Has Best Lighted Street.—Washington 
Boulevard, Detroit, became the best lighted street in the world 
when on July 10 the new five-light ornamental illumination 
system was Officially placed in service, making the boulevard 
with its tall buildings on either side a veritable canyon of arti- 
ficial sunshine. 

The lighting standards, placed in double rows along the park- 
way in the middle of the street, are unique in many respects. 
According to illuminating engineers of the General Electric Com- 
pany, who designed the system, they are the most distinctive 
used anywhere in the country. The illumination’ per pole, 
10,500 candlepower, exceeds State Street, Chicago, heretofore 
America’s best lighted street, by more than 1000 candlepower. 
The glassware used to house the lamps is also of record-breaking 
size. This is also the first installation having large Mazda 
lamps in groups of five to a standard. 

The trustees of the Book Estate, visualizing some years ago 
the development of this wide boulevard into one of the finest 
retail shopping centers, included in their plans a most compre- 
hensive scheme of lighting—one that would place the boulevard 
among the finest lightest streets in America. 

These tentative lighting plans were turned over to W. D'A. 
Ryan, director of the illuminating engineering laboratory of 
the General Electrice Company at Schenectady, who with his 
technical laboratory staff worked out the engineering plans and 
with J. W. Gosling of the laboratory, the art work in connection 
with the standards and globes. 
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A MESSAGE FROM THE PRESIDENT 


Re ne rci Se | 


The Inspiration to Committee Work 


f ORK on Institute committees is well worth while. 

i Anyone who heard the reports of the technical committees as they 

were presented at the recent Denver Convention or who has had 

| occasion to read these reports must have been impressed by the wealth of 

| information contained in them and by their evidence of painstaking work on | 

| the part of the committees. It is probably appreciated by comparatively few | 

| outside of committee circles how effectively this work influences the progress | 

| of the profession and of the many industries depending on the profession. 

| These committees not only strive to present a comprehensive picture of 

| the important advances during the year in their special fields but they aid in | 

| advancing the art along such special lines as seem most desirable in the light 

of the experience of their members. Advancing the art is accomplished by 

| arranging for the presentation of suitable papers and discussions and, in some | 

| instances, by directing research. [n addition, the Meetings and Papers 

| Committee refers to these committees for review and recommendation papers 

| independently submitted for Institute meetings and related tothe field covered | 

| by the committees. D 

| The effectiveness of the results obtained depends on the guiding ability of ll 

the chairman and on the knowledge, ability and vision possessed by the com- 

mittee members. | : 

| The president, who is charged with the appointment of these committees, | 

| cannot have the complete knowledge of the [nstitute membership that would : | 

| be necessary to insure getting all the available talent into committee activity. | 

| With the advice of the selected chairmen he does the best he can to get a well | 

balanced committee but unavoidably there will remain many who are not 
called who could and would serve with profit to all—and the Institute is the 

| loser. How toimprove this condition is a problem to which the members could | 

well give some thought. | 
Appointment to serve on a committee is a recognition of ability. It is a 

distinct honor but he who accepts it takes upon himself an obligation which | 

can be repaid only by an honest effort at active participation. This obligation | 

carries with it much inspiration. The greatest joy in life lies in service, and 

what service could be happier than that for one's profession and along the 

line of one's greatest daily interest. And there are other rewards beyond the | 

satisfaction of real service. "These come from the friendships formed and the | 

broadening of outlook resulting from committee contacts. | 
Committee service helps to make men grow in their profession and in | 

other ways. | ! | 
The record of an engineer's committee activities can well be taken as part | 

measure of his contributions to his fellows. | 
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Some Leaders 
of the A. I. E. E. 


Henry H. Humphrey, vice-president of the Insti- 
tute 1906-1908 was born June 23, 1862, at Coolville, 
Ohio, and was graduated from Ohio University, 
Athens, Ohio, in 1884 with the degree of A. B. 
The following year he took post-graduate work in 
electrical engineering at Cornell; in 1886 he received the 
degree of M.S. from that college. The summer vaca- 
tions of 1884 and 1885 were spent on United States 
Coast and Geodetic Survey work in southern Ohio. 

In 1886 and part of the following year, Mr. Humphrey 
was on the staff of Westinghouse, Church, Kerr & Co., 
as construction engineer, during which service he was 
assistant engineer in connection with the installation of 
the a-c. central station at Carbondale, Pa.,—the second 
a-c. central station plant started in this country,—and 
took part in erecting the experimental plant for the 
Hoosac Tunnel at North Adams, Mass. In 1888 he 
became superintendent of the Buffalo Light & Power 
Company, Buffalo, N. Y., and later, superintendent of 
the Brush Electric Light Company of the same city. 
Resigning from the latter position in 1900 because of 
ill health, he engaged in the engineering and contracting 
business in Omaha for about a year. 

During 1891 he was the agent of the Edison General 
Electric Company at St. Louis, and St. Louis manager 
for the General Electric Company during the 1892. 
In 1893, as engineer and salesman of the St. Louis 
Electrical Supply Company, Mr. Humphrey had 
charge of the installation of all the electrical work on 
the “Midway” at the Chicago World's Fair. In 1894 
and 1895 he was engineer and sales agent for the Laclede 
Power Company of St. Louis, and from 1896 to 1900 
was engaged in consulting work as a member of the 
firm of Bryan & Humphrey. During this latter 
period, his most important work was the construction 
of the plant of the Imperial Electric Light, Heat and 
Power Company of St. Louis, all the electrical work 
being under his direct charge. 

From 1900 to 1917 he was engaged in consulting 
mechanical and electrical engineering work, with offices 
in the Chemical Building, St. Louis. During this time, 
his most important work, perhaps, was the design of a 
complete electrical and mechanical plant for the De 
Beers Explosive Works, at Capetown, South Africa. 
Bids were received for this work both in Europe and 
America, and all bids sent to Mr. Humphrey for 
analysis and report with recommendation for award 
of contract; all superintendence of actual work was done 
by the company's engineers on the ground. His work 
has been done not oniy in isolated plants, depart- 
ment stores, hotels and office buildings in the East, 
but has extended into Texas and Mexico and as far 
west as Salt Lake City and Vancouver, British Colum- 
bia. His largest isolated plant design was the com- 
plete electrical and mechanical equipment of the Rail- 
way Exchange Building in St. Louis. Perhaps his 
best outside plant work was on the Columbia Water and 
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Light Company at Columbia, Mo., in which he was 
associated with Professor H. B. Shaw, Dean of the 
Engineering Department of the University of Missouri. 

During the years 1917 to 1920, as vice-president and 
treasurer of the Flad-Humphrey Engineering Com- 
pany, he worked closely with Mr. Edward Flad, who 
at the time, was a member of the Public Service 
Commission of the State of Missouri and is now a 
member of the Mississippi River Commission. He is the 
son of the distinguished St. Louis Engineer, Henry Flad. 

Since 1920 Mr. Humphrey has been in general con- 
sulting electrical and mechanical engineering practise 
in St. Louis. During the year 1906, he was vice- 
president, manager, and consulting engineer of the 
Jefferson City Light, Heat, and Power Company of 
Jefferson City, Mo., rebuilding and enlarging its gas 
and electrie plant during that time. At the time of 
the International Electrie Congress during the World's 
Fair in St. Louis in 1904, he served as chairman of the 
Local Committee of Organization and after the Con- 
gress, preserved all of the unused copies of the papers to 
furnish to applicants in various parts of the world, keep- 
ing them together for this purposeforthefollowing year. 

From time to time Mr. Humphrey has read papers 
before the Engineers Club of St. Louis and fre- 
quently contributed articles to technical publications. 
He has been à member of the Institute since 1896 
when he became an Associate. He was transferred 
to the grade of Fellow in 19183. He is a member 
of the St. Louis Institute of Consulting Engi- 
neers, St. Louis Electrical Board of Trade, St. Louis 
Hospital Saturday and Sunday Association and of the 
Masonic Order, also à Senior Member of the Engi- 
neers Club of St. Louis, and a member of the Circle 
Club, and of the Amateur Athletic Association. 


Radio Aids to | 
Air Navigation 

Research work extending over two years has re- 
sulted in the development and practical demonstration 
of radio aids to flying on the civil airways. These aids 
comprise a radio-beacon system marking out definite 
courses and radiotelephone service from ground to 
airplane. The whole system can be utilized by air- 
planes carrying no radio apparatus except a simple 
receiving set. 'This development, which was carried 
on by the Bureau of Standards for the Aeronautics 
Branch of the Department of Commerce, was briefly 
described on page 19 of the Radio Service Bulletin of 
March 31, 1928. A technical description of the work, 
Development of radio aids to air navigation, by J. H. 
Dellinger and Haraden Pratt, was published in the 
July, 1928 Proceedings of the Institute of Radio Engi- 
neers, page 890. 

In the same issue of the Proceedings, page 985, there 
is given a Bibliography on aircraft radio, by C. B. 
This bibliography 
includes 257 references to foreign and domestic 
periodicals.— T'echnical. News Bulletin. 


Abridgment of 
Transmission Experience of the Public Service 
Company of Colorado 


BY M. S. COOVER'! 


Associate, A. I. E. E. 


Synopsis.—The 100,000-volt transmission lines of the Public 
Service Company of Colorado, which were completed in 1909, 
extended from the Shoshone hydro plant on the Colorado River 
across the Continental Divide to Denver and represent pioneering in 
high-voltage transmission at high altitudes. This combination of 
factors, coupled with a rapid expansion of the whole system in re- 


INTRODUCTION 


HE purpose of this paper is to submit the results of 

several years’ experience in operating the high- 

voltage network of the Public Service Company 
of Colorado. 

A part of the transmission lines included in the 
present network operated by the company has been in 
continuous service for 20 years. Two years following 
this initial construction, the line was extended to a total 
length of 153.5 mi., from the Shoshone hydro plant 
on the Colorado River near Glenwood Springs across 
the Continental Divide to Denver, and from Denver to 
the Boulder hydro plant. Other sections of the net- 
work have been constructed during the past four years. 
With the exception of the transformers at the Shoshone 
hydro plant which were rebuilt last year, all of the 
original transformers and oil circuit breakers are still in 
service. This not only represents pioneering in the 
field of high-voltage transmission, but also progress 
in the art of design, construction, and operation. 
It is hoped that the data herein submitted will add to 
the information now available on such operating ex- 
perience; also, that it may prove to be of some value to 
those having similar operating and maintenance 
problems. 


DESCRIPTION OF SYSTEM 


The company serves the electric lighting and power 
requirements of practically all of the central, north 
central, and northeastern portions of Colorado, which 
area covers approximately 750 sq. mi. and includes 
about 116,300 customers. 


The high-voltage system comprises a total of 518 
mi. of line at altitudes ranging from 5280 ft. to 13,700 
ft. above sea level with 217 mi. of line operated at 
100,000 volts and 301 mi. of line at 44,000 volts. The 
properties are segregated into what is known as the 
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2. Supt. Hydro Production & Transmission, Public Service 
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Presented at the Summer Convention of the A. I. E. E., Denver, 
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cent years, called for the satisfactory solution of many problems. The 
paper describes the system in a general way, and outlines some of the 
more salient operating difficulties that have arisen from time to time, 
as well as their remedies. Brief mention is also made of the method 
of load dispatching. 


central system and the outside system, there being at 
present no means of interconnecting these two groups. 
Transmission in the central system is over 217 mi. of 
line at 100,000 volts and 181 mi. of 44,000 volts, and in 
the outside system transmission is all at 44,000 volts 
over 120 mi. of line. 

The generating plants connected to the central 
system, their capacity and type of motive power, are 
listed in Table I, while those of the outside system are 
listed in Table II. Since the outside system comprises 
only a small portion of the total properties operated 
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2—SIMPLIFIED DIAGRAM OF THE 100-Kv. LINES OF THE 
PuBL1IC SERVICE COMPANY OF COLORADO 


Fic. 


by the company, the remaining material submitted 
in this paper will be confined entirely to the 100,000- 
volt transmission lines of the central system, a simpli- 
fied diagram of which is given in Fig. 2. 

The 100,000-volt loop is equipped with impedance 
type protective relays, which have given correct sec- 
tionalization for about 95 per cent of the flashovers. 
Until recently, flashovers on the Shoshone line have 
been cleared by manually lowering generator voltage. 
In October, 1927 automatic equipment was installed for 
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634 
lowering generator voltage by inserting a large block of 
resistance in the generator field circuit. 

The switching center of the central system is the 
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solution to most of the mechanical problems in main- 
tenance, but the problem of protection against lightning 
is still a very difficult one to master reasonably. 


Fic. 3—PROFILE OF TRANSMISSION LINE, SHOSHONE TO DENVER; DENVER TO BOULDER 


Denver terminal substation, loeated two miles within 
the city limits of Denver. Three 100,000-volt lines 
converge there, and 60,000 kv-a. in transformer capacity 
is provided for supplying 13-kv. city feeders. The 
system operating and dispatching offices are located at 
this substation. Private telegraph and telephone and 
leased telephone lines are provided for communication 
with all parts of the central system. 


ALTITUDE—WEATHER CONDITIONS 


The 100,000-volt line which crosses the Continental 
Divide presents a most difficult task of maintaining a 
high degree of continuous service. Reference to the 
profile of this line as shown in Fig. 3 discloses that the 
line originates at an altitude of approximately 6000 ft. 
at the Shoshone hydro plant; then traverses the Rocky 
Mountains, negotiating three passes—Hagerman at 
12,000 ft., Freemont at 11,500 ft., and Argentine at 
13,700 ft.; thence to the Denver Terminal at 5280 ft. 
above sea level. 


Shortly following the completion of this line, many 
interesting experiments were conducted and some of the 
results have appeared in Institute papers. The weather 
conditions during the winter season are very severe, 
making it difficult to secure all the operating data which 
often would be desired in cases of trouble. At the 
higher altitudes, in the fall and spring, there is an abun- 
dance of moist winds, whereas in the winter tempera- 


tures as low as 52 deg. below zero fahr. have been 


recorded. The maximum measured wind velocity so far 
reported is 165 mi. per hour. These conditions, com- 
bined with the heavy snows, make certain sections of the 
line almost inaccessible for a period of time, which 
means that the line must be thoroughly dependable from 
both the electrical and mechanical standpoint. 


Covering an average period of 130 days per year, 
considerable lightning was encountered on this line. 
Many statements are made to the effect that insulation 
is the foundation of the electric power system; and true 
it is; yet any line exposed to storms, lightning, and 
slides, as previously mentioned, calls for a high degree 
of sturdiness in both electrical and mechanical design. 
The line across the Continental Divide has been in 
operation sufficiently long to permit a satisfactory 


TABLE I. 
GENERATING PLANTS—CENTRAL SYSTEM 

Rated kw. No. of Motive 

Location at 0.8 p. f. units power 
Shoshone........ ....... 14,400 2 Water 
Boulder Canyon ............. 14,400 2 Water 
Georgetown......... NERA 900 2 Water 
Leadville.................... 1.925 2 Steam 
Lafayette..... METUO 6,000 4 Steam 
Denver (West Plant)......... 9.250 4 Steam 
Denver (Lacombe Plant)...... 16.500 3 Steam 
Valmont........ ........... 45.000 2 Steam 

TABLE II 
GENERATING PLANTS—OUTSIDE SYSTEMS 

Rated kw. No. of Motive 

Location at 0.8 p f. units power 
Cheyenne................... 4,000 4 Steam 
Sterling.................. LL. 2.250 3 Steam 
Alamosa..................... 1,400 2 Steam 
Salida. avevo eR 700 2 Steam 
Salida... oS 1.200 5 Water 


LINE INSULATION 


The original insulation was four Hewlett disk insula- 
tors on both dead-end and suspension strings, with a 
Vlo-in. spacing of disks on the dead-end and 6-in. 
spacing on the suspension strings. The ratio of dead- 
ends to suspensions was about one to fifteen. Two 
lí-in. steel ground wires were put up for protection. 
Many difficulties were encountered during the first 
year of operation, principally on account of the lines 
being under-insulated and on account of mechanical 
failures of the ground wires. During the following year, 
the ground wires were removed, and a fifth disk was 
added to all dead-ends. This measure showed some 
improvement in service. During the following year 
arc points were placed on both ends of all strings to 
provide a flashover path which did not destroy insu- 
lators. They do not, however, reduce the number of 
outages eaused by lightning. 

In 1916, it was decided that the flashovers per annum 
were still too numerous, whereupon a fifth disk was 
added to all suspension strings and a sixth disk to all 
dead-ends. This reduced the number of flashovers 
approximately 75 per cent. 


NEW 100-Kv. LINES 
The Valmont-Denver line and the Valmont-Boulder 
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line (see Fig. 2) were built during 1924, and placed in 
service during December of that year, which also 
marked the completion of the first unit of the new 
Valmont steam plant. These two lines tie in the plant 
with the Denver Terminal and with the Boulder Canyon 
hydro plant. American Bridge Company towers were 
purchased for both lines and designed for single-circuit 
horizontal conductor spacing on the Valmont-Boulder 
tie, (see Fig. 6), while twin circuit vertical conductor 
spacing is used on the Valmont-Denver tie. Only one 


- < 


FAB -i 928 x 


Fic. 6—TyY»E or TOWER USED ON VALMONT—BOULDER LINE 
circuit was strung on the latter tie, and the second 
circuit will be added when the growth in load reaches 
such a point as to demand it. 

High mechanical strength, 336,000-cir. mil A. C. S. R. 
conductors are used on both tie lines, the cable being 
made up of 30 strands of aluminum 0.1059 in. in 
diameter and 7 strands of steel 0.1059 in. in diameter. 
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All suspension strings consist of seven No. 25622 O-B 
insulators spaced 434 in., and all dead-end strings 
consists of seven No. 26240 O-B insulators spaced 7 in. 
Arc points were initially placed on suspension clamps 
and at dead-end points on all strings, hoping to avoid 
breakage of upper disks by flashovers. 


GROUND WIRES 


Before going into a discussion of the interruptions 
to service on the 100,000-volt lines, it would be well to 
review the company's experience with ground wires. 
In the original design of the Shoshone-Denver and 
the Boulder-Denver lines, two ground wires were 
incorporated in an effort to avoid lightning troubles. 
These ground wires were soon abandoned and taken 
down on account of mechanical difficulties as previously 
mentioned. All towers on the new te lines to the 
Valmont plant are so constructed that a ground wire 
may be added readily, but to date this has not been 
done. 

The lines from the Shoshone and Boulder hydro 
plants and the Valmont steam plant converge at a 
point about four miles west of Denver. From the Dry 
Creek Substation, 214 miles west of the terminal, the 
cireuits from the Boulder and Valmont plants are 
carried on a double-circuit tower line, the construction 
of which is illustrated in Fig. 16; while the Shoshone 
circuit is brought the same distance over a single cir- 
cuit H-frame wood pole line, all on a common right-of- 
way. This double circuit, 214 miles long, has been 
protected with a ground wire through two lightning 
seasons, with the result that there has been no insulator 
breakage on account of flashovers, and it is believed 
that there have been no flashovers during this period 
on this particular section. 


INTERRUPTIONS 


Information which may assist in analyzing the causes 
of interruptions has been recorded and is summarized 


TABLE III 
SUMMARY OF INTERRUPTIONS 


—— —————— —— |—Ó—— | ——M———— | ————— | —————Ó—— |—————— | ———— | —— |—————— J — | ———————— |—— a |——9 


Plant or 
sub- Secon- 
Operating| station dary 
Line— Year Spacing | Lightning| error trouble | trouble 
1925 
Shoshone-Denver... Flat 49 0 6 1 
Boulder-Denver...... Flat 6 0 1 1 
Valmont-Denver.....| Vert 6 1 0 0 
Valmont-Boulder ... Flat 0 0 0 0 
1926 
Shoshone-Denver....| Flat 46 1 3 4 
Boulder-Denver...... Flat 10 0 1 0 
Valmont-Denver..... Vert. 14 0 0 0 
Valmont-Boulder .... Flat 0 0 1 0 
1927 
Shoshone-Denver.... Flat 35 0 2 5 
Boulder-Denver...... Flat 8 0 0 0 
Valmont-Denver..... Vert. 11 0 0 0 
Valmont-Boulder.. . Flat 2 0 0 0 


š Broken 
Jumper Rifle Total | Total con- 
off Slides | Wind | shooting | Birds | Unknown| line | year | ductors 
0 1 8 0 0 4 69 6 
0 0 0 0 0 0 8 1 
0 0 0 0 0 1 8 0 
0 0 0 0 0 0 0 0 
85 
1 0 1 0 0 7 63 2 
0 0 0 0 1 1 13 0 
0 0 0 0 0 0 14 0 
0 0 0 0 0 0 1 0 
91 
3 5 5 1 0 4 60 5 
1 0 3 0 0 0 12 1 
1 0 0 0 1 2 15 0 
0 0 0 0 0 0 2 1 
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636 COOVER AND 
in Table III, but the data on outages have not been 
recorded with a degree of completeness which might 
be followed were a special study to be conducted on this 
phase of operation. The quantities of broken con- 
ductors, as given in the last column of Table III for 
each line during each year, are included in their proper 
places under other headings in the table. In some 
instances the failure was attributed to wind, while 
in other instances, the cause was not definitely apparent. 
Following the observations which have been made to 
date on this particular phase of operation, the eompany 
has decided that a ground wire properly installed is an 


Fia. 


16—Tv»rE or DousBrLE-CincviT TOWER 


essential adjunet to the system, and is proceeding with 
its construction, due attention being given to its ma- 
terial, location, method of attachment, and stringing 
tension. 


INSULATOR FAILURES 


It is of interest to note that in all cases but one of the 
50 flashovers which have occurred on new lines, it has 
been possible to restore service immediately without 
repair or insulator replacements. In the one case 
excepted, insulator hardware was burned through on 
account of a relay failure, and the conductor was 
dropped. 


CONDUCTOR FAILURES 


One interesting and peculiar type of conductor 
break began to develop for the first time in 1921 and has 
been showing up ever since at an increasing rate. Hori- 
zontal spacing is used on the Shoshone-Denver and on 
the Boulder-Denver lines, these lines having been con- 
structed in 1909. All conductors initially installed 
consisted of six copper strands with hemp center. 
Referring to the profile in Fig. 1 of the complete paper, 
No. 1/0 conductor was strung from Shoshone to Lead- 
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ville; No. 1 conductor from Leadville to Dillon; No. 
1/0 conductor from Dillon to Denver, and No. 1 con- 
ductor from Boulder hydro plant to Denver with a 
tension of 1250 lb. at 60 deg. fahr. Steel towers, 
with a normal span length of 700 ft., a minimum of 
300 ft., and a maximum of 2700 ft. are used the full 
length of these lines. The general direction of the wind 
is parallel to the Shoshone-Denver line and at right 
angles to the Boulder-Denver line. 


A close examination of the breaks in the individual 
strands reveals that some strands fail from crystalliza- 
tion, some from elongation, and some from an apparent 
crystallization. 
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The appearance of a strand failure enlarged to 
approximately 20 diameters may be seen in Figs. 18 
19, and 20. "These particular ones are three of a total 
of four strands in a conductor break having the same 
characteristic appearance, while the other two strands 
of the conductor failed as a result of elongation with a 
slight amount of burning as the conductor finally 
parted. All six strands parted within a distance of 
11 in. along the conductor. It will be noted that a very 
definite crater exists, partly as a result of the dis- 
appearance of metal and partly on account of the 
necking down of the small amount of metal left around 
the periphery of the strand. These three illustrations 
are typical of all those investigated where the fissure 
had progressed nearly all the way across the strand. 


CONCLUSIONS 


No exceptional difficulties have been encountered in 
high-altitude operation; where wind velocities are high, 
jumpers at dead-end towers should be supported. 

Insulation problems are no more serious than at sea 
level. 


Arc points appear to be desirable at both ends of 
insulator strings. Copper and steel conductors, operat- 
ing above the critical voltage for corona for many 
years, do not show unusual depreciation. 

Horizontal configuration appears to be more desirable 
than vertical configuration, and properly built ground 
wires are probably effective. 

Satisfactory relaying of high-voltage lines has been 
accomplished without great difficulty. 


Abridgment of 


Relation between Transmission Line Insulation 


and Transformer Insulation 
BY W. W. LEWIS: 


Member, A. I. E. E. 


Synopsis.—Principles to be followed in transmission-line 
construction in order to reduce damage from lightning are recom- 
mended in this paper. The major recommendations are as follows: 
(1) Keep transmission conductors low and arrange horizontally, 


URING the past few years the great majority of 
overhead transmission systems in this country 
have grounded the neutral either solidly or 

through a moderate resistance. Overvoltages due to 
arcing grounds on such systems are practically absent. 
Overvoltages due to switching are feared no longer in 
general on systems with modern insulation and 
apparatus. 

Lightning is the only cause of high voltage which 
gives serious concern at the present time. In order 
to combat lightning, transmission engineers have been 
adding more and more insulation to the lines as well 
as various special arcing devices, overhead ground 
wires, etc. A great deal of work has been done in 
studying lightning and its accompanying phenomena 
by means of the Kiydonograph and surge NOME 
recorder.* 

Laboratory work E thrown a great deal of light 
on the effect of impulses on insulation, both of appara- 
tus and transmission lines.* 

The question now arises as to whether, in the light 
of present knowledge, we ean design a transmission 
line and its connected apparatus so that they will be 
reasonably safe against breakdown and interference 
to service due to lightning. Let us first examine the 
data upon which such a design shall be based. 


1. Central Station Engineering Dept., General Electric Co., 
Schenectady, N. Y. 

2. Present Day Practises in Grounding Transmission Systems, 
Report of Subcommittee on Grounding of Protective Devices 
Committee, Trans. A. I. E. E., Vol. 42, 1923, p. 753. 

3. Lightning and Other Experience with 132-Kv. Steel Tower 
Transmission Lines, Sindeband and Sporn, Trans. A. I. E. E., 
Vol. 45, 1926, p. 770. 

1926 Lightning Experience on 132-Kv. Transmission Lines, 
P. Sporn, 1928. A. I. E. E. Quarterly Trans. No. 2. 

Recent Investigation of Transmission Line Operation, J. G. 
Hemstreet, Trans. A. I. E. E., Vol. 46, 1927, p. 835. 

4. Klydonograph Surge Investigations, Cox, McAuley and 
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Measurement of Surge Voltage on Transmission Lines Due to 
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5. Lightning and Other Transients on Transmission Lines, 
F. W. Peek, Trans. A. I. E. E., Vol. 43, 1924, p. 1205. 
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(2) use ground wires, (3) use sufficient insulation but of a sufi- 
ciently low value near stations to protect apparatus, (4) install 
lightning arresters at the transformers. The arguments leading to 
these recommendations are outlined 1n the paper. 


Sixty-cycle flashover tests on insulators have been 
made on strings of various numbers of disks. Most of 
these tests have been made on standard 10-in. disks 
spaced 534 in. apart. It has been found that the flash- 
over value, when plotted against length of string in 
inches, gives a straight line on log-log paper. The length 
of string is the spacing per disk times the number of 
disks. The curve may also be used for insulators of 
other spacings not differing greatly in proportions from 
the 10-in. disk spaced 534 in. apart. In this case, it is 
necessary only to multiply the spacing per disk by the 
number of disks and enter the curve with the total 
distance. Table I gives the length of string and 60- 


TABLE I- 
FLASHOVER OF INSULATOR STRINGS BASED ON 10-IN. DISKS 
SPACED 5% INCHES 


Impulse 


Length of . 60-cycle 
No. disks 'string inches arc-over kv. eff. |arc-over kv. max. 
3 17.25 200 470 
E! 23. 255 610 
5 28.75 305 750 
6 34.5 355 890 
7 40.25 400 1020 
8 46. 445 1150 
9 51.75 490 1280 
10 57.5 540 1410 
11 63.25 580 1520 
12 69. 620 1660 
13 74.75 660 1780 
14 80.5 700 1900 
15 86.25 745 2020 
16 92. 785 2140 
17 97.75 820 2260 
18 103.5 865 2380 


cycle flashover for strings of 10-in. disks spaced 534 
in. apart. The flashover values are plotted against 
number of disks on Fig. 1. 


The impulse flashover of such insulator strings 
assumes various values, depending on the nature of 
the impulse, the steepness of its front, the slope and 
length of its tail, ete. Numerous tests have been 
made with the standard wave of the High-Voltage 
Laboratory at Pittsfield on insulator strings of various 
lengths, and these tests have been repeated with a 
great deal of consistency. 
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The Pittsfield wave is a single impulse with a very 
steep front, rising to its crest value in approximately 
one-quarter microsecond or less (depending. on the 
load on the test set), and then decreasing to 50 per cent 


Fiashover Kilovolts 


Number of 53° Units in String 
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of the crest value in approximately five microseconds, 
t. e., the portion of the wave above 50 per cent crest 
values is approximately one mile in length. This wave 
is represented in Fig. 2. 

The ratio of the impulse flashover to the 60-cycle 
maximum or crest flashover is called the impulse 
ratio. It will be seen that this varies from approxi- 
mately 1.5 to 2 within the range of the curves. A 
fair average would be 1.8. 

If an extremely high potential is applied as compared 
with the flashover value of the insulators on the tail of 
the wave, then flashover will take place on the front of 
the wave. For the particular wave we have been dis- 
cussing, it has been found that the flashover values 
thus found are very consistently about 20 per cent 
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greater than the values determined when the flashover 
takes place on the tail of the wave. For other waves, 
of course, there may be a somewhat different relation 
between flashover on the front and tail of the wave. 
In actual practise, flashover of insulator strings may 
take place either on the front of the wave or on the tail 
of the wave, and sometimes even on the crest of the 
wave. Incase flashover takes place on the front of the 
wave, then only a small portion of the wave passes on 
to the rest of the line and station apparatus (Fig. 3A). 
When flashover takes place on the tail of the wave, 
a longer portion of the wave passes on, and as this 
represents a greater amount of energy, the wave is 


6. Effect of Transient Voltages on Dielectrics, F. W. Peek, 
Trans. A. I. E. E., Vol. 34, 1915, p. 1857. 
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capable of doing considerable damage if it reaches 
station apparatus (Fig. 3B). If the value of the 
wave is not quite sufficient to flashover the insulator 
string either on the front or the tail, then the full 
wave will pass on toward the station (Fig. 3C). In 
each case there may be considerable attenuation along 
the line before the wave reaches the station. 

During the past few years, numerous data have 
been accumulated by means of the klydonograph and 
surge voltage recorder, which has indicated the maxi- 
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mum voltage to be expected on transmission lines with 
present standards of insulation to be in the neighbor- 
hood of 10 to 12 times the crest value of the line to 
neutral voltage of the system.‘ 

Table II gives the average number of insulator disks 


TABLE II 
INSULATION OF ACTUAL LINES 
Crest value No. of Ratio 
line to insulator disks impulse 
System neut. ——————|— ——— —-| Impulse to 
voltage voltage Weighted | flashover normal 
kv. kv. Range average kv. voltage 
66 54 4—6 5 750 13.9 
88 72 5-7 6 890 12.4 
110 90 6-9 7 1020 11.3 
132 108 9-12 10 1410 13.1 
154 126 10-12 10 1410 11.2 
187 153 10-12 10 1410 9.2 
220 180 12-16 13 1780 9.9 


used on actual systems, also the minimum and maxi- 
mum number of disks for the various standard system 
voltages, the data being compiled mainly from the 
Electrical World Supplement of January 3, 1925. The 
impulse flashover value is given also. From this 
Table it will be noted that the impulse flashover value 
is in the neighborhood of 10 to 14 times the crest value 
of the normal line to neutral voltage. This, together 
with the results of the klydonograph study, would 
indicate that the impulse flashover values given in 
Fig. 1 are fair values to use for the type of impulse 
which causes flashover on actual systems. 


. extent. 
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According to F. W. Peek's investigations, we may 
take the maximum potential gradient which may 
be induced on a transmission line by lightning as 
approximately 100 kv. per ft. of height of conductor. 
Actually, there have been measured by surge-voltage 
recorder, potentials which indicate gradients as high 
as 40 kv. per ft. of height. The readings obtained are 
subject to the fact that there is no assurance that the 
surge voltage recorders were located at the point of 
highest potential. The potentials are naturally limited 
by the insulator flashover, and such flashover potentials 
would require gradients in some cases as high as 60 kv. 
per ft. of height. 

Assuming that the maximum potential gradient of 
100 kv. per ft. of height can be obtained, and assuming 
further that the flashover values given in Fig. 1 are 
substantially correct, then we have a means of deter- 
mining whether or not a particular line will be sub- 
jected to flashover. 


Mr. Peek, in his laboratory investigations, has deter- 
mined fairly well the effectiveness of overhead ground 
wires. The protection afforded by the overhead 
ground wire depends on the distance of the ground wire 
from the conductors, on the height of the conductors 
above ground, and on the size of the ground wire and 
conductors. Generally speaking, however, any one of 
these factors may be varied within the range of prac- 
tise without affecting the protective ratio to any great 
The resistance of the connection to ground also 
has considerable influence on the protection. 


In placing ground wires it is desirable to adhere to the 
following general rules. 

]. The wires should be connected to each tower or 
connected to ground at each wooden pole. 

2. The resistance of the tower footing or the pole 
ground must be low in order to give the maximum 
protection. 

3. The ground wire should be preferably of the same 
material as the conductor, or other high conductivity 
material. 'This will prevent rusting and will have an 
appreciable effect in reducing the impedance of the 
system to line-to-ground short circuits. It will also 
reduce telephone interference by shunting a good por- 
tien of the short-circuit current away from the ground. 


4. The ground wires should terminate at the station 
structure rather than at the first or second tower out 
on the line. This assures that the last span or two near 
the station will be protected and that there will be no 
abrupt change in the surge impedance of the line at 
the terminal of the ground wire. Such a change in 
surge impedance tends to cause an upward reflection 
in the voltage of a wave arriving on the transmission 
line. 

Now, if we know the potential gradients which may 
be due to lightning, the flashover value of the line 
insulators, and the protection afforded by overhead 
ground wires, we are in a good position to determine 


LEWIS: TRANSMISSION LINE AND TRANSFORMER INSULATION 


100 kv. per ft. 


639 


what must be done to render the transmission line 
fairly safe from insulator flashover. 

In Table VII are given the actual average heights of 
the lowest conductor at the tower for the various stand- 


' TABLE VII 
HEIGHT OF ACTUAL LINES ANDINSULATION REQUIRED TO 
PREVENT FLASHOVER 


Potential 


A verage No. 


height Possible with two of ins. Flashover 
of lowest | lightning | ground wires disks of 

conductor | potential | conductors | required | insulator 
System at tower 100 kv. horizontally | to prevent disks 
voltage feet per ft. arranged flashover kv. 
66 35 3500 1290 9 1280 
88 39 3900 1440 10 1410 
110 47 4700 1740 : 13 1780 
132 47 4700 1740 13 1780 
154 50 5000 1850 14 1900 
187 50 5000 1850 14 1900 
220 56 5600 2070 16 2140 


ard system voltages as disclosed mainly from a study 
of the data given in the Electrical World Supplement of 
January 3, 1925. In this table are given also the 
potentials which may be obtained with a gradient of 
Comparing these potentials with the 
flashover value of the line insulators in Table II, we 
see that it is possible to have insulator flashover under 
the assumed conditions for every system voltage. 

Assuming the average heights shown in Table VII 
and a horizontal arrangement of conductors with two 
overhead ground wires placed above and between the 
conductors, the potential induced on the conductors 
will be reduced to approximately 37 per cent of the value 
without ground wires—+. e., to the values shown in the 
fourth column of Table VII. Now, in order to prevent 
flashover it will be necessary to use the number of 
insulator disks shown in the fifth column of the table. 
The insulation required to produce immunity in this 
manner is considerably higher than the present 
standard. 

Mr. Peek has found that grading rings, properly 
proportioned and properly located, will increase the 
flashover value of a string of insulators (especially 
strings containing 10 disks and over) approximately 10 
to 15 per cent and advantage may be taken of this effect 
in reducing the number of insulator disks or in increased 
factor of safety. 

It is apparent from this study that the potential 
induced on a transmission line is independent of the 
operating voltage, except in so far as the height of the 
conductors and the number of insulator disks are 
affected by the operating voltage. In selecting the 
number of insulator disks it may not be necessary to 
consider the extreme potential gradient of 100 kv. per 
ft. of height. A gradient of 75 kv. per ft. will probably 
be sufficient to cover the great majority of cases, and 
a line insulated for this gradient would no doubt be 
immune from flashover except in rare instances. 

Now, what is the situation as regards apparatus 
insulation, especially transformer insulation? The in- 
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sulation of power transformers is designed to withstand 
a certain 60-cycle high-potential test, this high-potential 
test being, for fully insulated transformers, two times 
the line-to-line voltage. The test is applied from 
high-tension winding to low-tension winding and 
ground. In the so-called reduced insulation trans- 
formers, which are built for operation with solidly and 
permanently grounded neutral, an induced voltage 
test of 2.73 times the leg voltage is given to the trans- 
former windings. 

Naturally, the designers build into the transformer a 
factor of safety over the Institute test. Such a factor 
of safety has been worked out by experience and has 
proved ample to meet the various switching and arcing 
ground surges to which transformers are subjected. 

With the range of line insulation shown in Table II 
it has been possible for transformers to be subjected to 
lightning voltages from 10 to 14 times the normal 
operating voltage with the average line insulation and 
more than that with the maximum insulation shown in 
thetable. Such voltages are subjected of course to the 


modification caused by lightning arresters, the capaci- 


tance to ground of steel work used in supporting bus 
structures, etc. Also on any system probably only a 
fraction of the lightning discharges takes place near 
stations. However, it is reasonable to suppose that 
transformers have been subjected many times to ten 
times normal voltage. Transformers have operated 
under these conditions with remarkable success, the 
failures due to all causes, including lightning, being 
only a fraction of one per cent per year. 

It is reasonable to conclude that fully insulated 
transformers with present standards of insulation will 
operate successfully on systems with present average 
insulation. If such line insulation is increased, as 
now seems to be the tendency, then the transformer 
insulation must be correspondingly increased, unless 
the present standard line insulation is retained for a 
reasonable distance adjacent to the station, say, one- 
half to one mile. 

If fully insulated transformers are on a par or slightly 
stronger than the present average line insulation, then 
it is apparent that reduced insulation transformers are 
too weak, as their strength is only about 80 per cent of 
that of fully insulated transformers. Reduced insula- 
tion transformers for this reason have no place on 
systems subjected to much lightning, unless theadjacent 
line insulation is correspondingly reduced. 

In order to protect transformers now in operation 
and future transformers with standard insulation, it is 
recommended that the line insulation adjacent to 
stations be not increased beyond the values given in 
Table IX for at least one-half mile from the station. 
Beyond that point there is no objection to increasing 
the line insulation to any value required to give good 
operation. Such a practise on the part of the operating 
companies will give the manufacturers a definite 
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standard with which to compare their apparatus design. 
If for any reason it is desired to increase the line 
insulation adjacent to the station, then the apparatus 
insulation should be increased correspondingly. 
In cases where it is thought desirable to increase the 
line insulation and it is feared that maintaining normal 
insulation near the station will increase the number 


TABLE IX 
RECOMMENDED LINE INSULATION 


Corresponding number 
of 10-in. disks 
spaced 54 inches 


Recommended 60-cycle 
arc-over of line 
System voltage kv. | insulators-kv. effective 


66 255 4 

88 355 6 
110 400 7 
132 445 8 
154 540 10 
187 620 12 
220 700 14 


of flashovers,. this may be compensated for by placing 
additional ground wires over this portion of the line, 
thereby reducing the potential induced by adjacent 
cloud discharges to correspond to the reduced number 
of insulator disks. Such ground wires should extend 
to the stations and, in some cases, over the stations, in 
order to insure that the station apparatus secure the 
full benefit of the ground wires. 

In order to provide a further assurance of successful! 
operation and take care of surges of all kinds, it is 
necessary to by-pass the incoming surge. The cheapest 
and most effective present form of such a by-pass, is a 
lightning arrester. 

To summarize: We have shown that it is possible 
to increase the safety of transmission lines and appara- 
tus from lightning disturbances by adhering to the 
following principles: 

a. Construct the transmission line so that the con- 
ductors are as near to the ground as the necessary 
clearances will permit, and preferably build the line 
with the conductors horizontally arranged. 

b. Install one or two overhead ground wires in 
accordance with the design of the tower and the re- 
quirements for reduction in potential imposed by the 
height of the conductors. 

c. Use sufficient insulation on the line to prevent 
flashover with the maximum potential gradient that 
may be obtained with the number of ground wires used. 

d. Maintain recommended insulation (Table IX) 
for one-half a mile or so from the station in order to 
protect station apparatus. Over this section additional 
ground wires extending to the station may be used in 
order to place this section on a par with the over- 
insulated section as far as flashovers are concerned. 

e. Install lightning arresters immediately adjacent 
to the transformers so as to prevent reflection and hold 
down the potential to a comparatively low value. 
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Synopsis.—Experience on high-voltage transmission lines has 
shown numerous failures of apparatus which have indicated a 
decided lack of coordination of the insulation strengths of the various 
parts of the transmission system. Apparatus offered by manu- 
facturers for a given service shows wide variations in insulation 
values. Again the flashover and the breakdown values are not at 
present sufficiently standardized to be comparable among manu- 
facturers of the same piece of apparatus. The standard tests on 
different types of apparatus are not properly correlated. 

Besides discussing the above situation, this paper points out the 
causes for the present status and indicates the benefits to be derived 
by grading the insulation on the entire system. Predetermining the 
point of electrical breakdown on the system in the case of high voltage 
surges leads most logically to grading the insulation. This grading 
should result in fewer major service interruptions, with a localization 
of trouble on a link of the system where repairs can be made easily 
and inexpensively. 


I. INTRODUCTION 


HE idea that it ought to be possible to place on a 
rational basis instead of the present more or less 
haphazard basis insulation strength of the various 

portions of a transmission system, is perhaps not new, 
and undoubtedly has occurred to many. Experience 
has shown the desirability of working out some such idea. 
The present paper is to be regarded not as a complete 
solution but rather an attempt at the beginning of this 
problem. 


II. PRESENT STATUS IN REGARD TO TRANSMISSION 
INSULATION 


If one examines different practises, it will be found 
that one system is particularly bent on over-insulating 
its lines; another system practises over-insulating of its 
transformers with its bushings of normal strength, 
and still another follows the reverse practise of having 
extra heavy bushings and normal insulation on wind- 
ings. These conditions will be found to exist in the 
moderate voltages; sometimes in higher voltages they 
are even worse. 


III. ANALYSIS OF THE PRESENT SITUATION 
This can be overcome by dividing insulation into 


The paper points out that additional information is required on 
surge=vollage breakdown of insulation to solve the problem completely 
but shows that with the present information available a start in 
grading can be made. The different links in the transmission chain 
are tabulated according to their relative importance and with this as 
a starting point, the entire grading scheme is developed to the point 
of showing relative 60-cycle insulation strength required of the 
different apparatus used on a transmission system. 

It is shown; 1, that at the present time transmission systems in 
general, are designed without proper consideration from the stand- 
point of surge voltages which may be imposed upon them; 2, that the 
grading scheme proposed 1s possible, although requiring additional | 
operating data and data from the manufacturers to be fully effective; 
8, that grading should result in less costly designs and installations; 
4, that the net effect will be belter performance of the transmission 
system in service. 


RATED K V (EFFECTIVE) 


classes, each class to contain the whole series of links Fic. 1—Transmisston SvsrEM [INSULATION STRENGTHS 
; S : i CONDITIONS IN 1927-1928 
used in the transmission chain and the entire series  , kushi 
ushing impulse voltage F. O. (general average) 
properly graded. 3 Line insulator impulse F. O. (based on 6 x normal 60 ~ F. O.) 
4 Line insulator impulse F. O. (based on present avg. insulation) 
V. FUNDAMENTALS OF THE PROBLEM 5 6 times normal—line to neutral 60 ~ voltage 
° e : : : 6 Line insulator 60 ~ F. O. (present avg. insulation) 
, Before considering a detailed analysis of the various — 7 xj» atlowahte line insulator 60 ~ F, O.— National Safety Code 
insulation classes, it might be well to consider the causes 8 Min. allowable line insulator 60 ~ F. O.— Public Utility Comm. of Ohio 
9 60 ~ dielectric test —Oil C. Bs.—C. Ts disconnects —A. I. E. E. dry 
*American Gas & Electric Co., New York, N. Y. 10 60 ~ dielectric test power transfs. —P. Ts dry—O. C B. wet—A.I.E.E. 
Presented at the Northeastern District No. 1 Meeting of the | A 2a ae mulie line to neutral—60 ~ 
; l pparatus rating—60 ~ 
A. I. E. E., New Haven, Conn., May 9-12, 1928. Complete 13 Line insulation (approx. present avg.—60 ~ F. 0.) 
copes upon request. 14 Line insulation (approx. present avg. impulse F. O.) 
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of flashover. Overvoltages may be of several types and 
of several sources of origin: 

1. A straight overvoltage at the power frequency, 
caused by a system running away, by the crossing of 
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circuits of various potentials, or by some other unusual 


occurrence. 


2. An overvoltage may appear due to arcing 
grounds. This voltage may have a frequency of the 
order of thousands of cycles. 


OCB 


Except, of course, for the 


TRANSF 


eo Ii 


OCP 


LINE 
Fic. 2—Typicat HiGH-VOLTAGE STATION 
1 Bus and bus tap insulators 18 Disconnect on L. A. 
2 Disconnect on bus 19 Insulator on sphere-gap 
3 Insulator—line side bus 20 Insulator on L. A. tap 
disconnect 21 Line insulator 
4 O.C. B. bushing—bus side 22 Disconnect on bus 
5 Oi circuit. breaker 23 Insulator—O. C. B. side 
6 O.C. B. bushing—line side disconnect 
7 Insulator—line side O. C. B. 24 O.C.B. bushing— bus side 
8 Disconnect—on P. T.—line 25 Oil circuit breaker 
side O. C. B. 26 O. C. B. bushing—trans- 
9 Bushing on P. T. former side 
10 Potential transformer 27 Insulator—transformer side 
11 Disconnect—line side O. C. B. 
O. C. B. 28 Disconnect — transformer 
12 Insulator—line side O. C. B. side O. C. B. 
disconnect 29 Insulator—transformer side 
13 Current transformer disconnect 
14 Bushing on C. T. 30 Power transformer H. T. 
15 Insulator—lineside C. T. bushing | 
16 Chokecoil ' 31 Power transformer H. T. 
17 Insulator—lineside choke winding 


isolated neutral systems which today are rare, it will 


coil 


not appear. 


3. Overvoltages may take the form of impulse 
voltages and these in turn may be caused by either 


switching or lightning. 


Let us consider a power system transmission chain, 
list all the apparatus and equipment, and see whether a 
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definite system of grading cannot be worked out for the 
various insulation members. 

Fig. 2 is representative of a typical high-voltage gen- 
erating station with a generator and transmission line 
connected to the bus. It will be seen in Fig. 2, that 
some of the parts have been rather finely subdivided 
as in the first analysis, it was thought best to go the 
limit in the subdivision of parts, and later consolidate 
such members as could be placed in the same class. 


VI. PROPOSED SYSTEM OF GRADING 


In Table V there has been set up a proposed system of 
grading for every member shown in Fig. 2. In the 


TABLE V 
RATED RELATIVE IMPORTANCE OF APPARATUS ON 
LIGHTNING VOLTAGE CONSIDERED FROM POINT OF VIEW OF 


A. Minimum number of interruptions 

B. Minimum danger of complete interruption 

C. Minimum cost of repairing damaged apparatus 
PROPOSED GRADING—STRONGEST INSULATION (1) TO 


WEAKEST (31) 


H. T. Generating | H. T. Switching Step down & 
station station Switching station 
Columns 1 ——(——— —— d ——— —— ,——|———|———i——— 

Order of insu- 2 3 4 5 6 7 8 
tion strength A B C A B Cc -A 
1 21 1 31 21 1 5 21 
2 20 2 25 20 2 10 20 
3 1R 22 5 18 3 13 18 
4 19 3 10 19 4 4 19 
5 17 23 13 17 5 6 17 
6 16 4 30 16 6 9 16 
7 15 24 24 15 10 14 15 
8 14 5 26 14 13 1 14 
9 13 25 4 13 9 2 13 
10 12 | 31 6 | 12 | 14 | 11 12 
11 11 30 9 11 7 8 11 
12 R 26 14 8 8 3 8 
13 9 28 1 9 11 7 9 
14 10 29 22 10 12 12 10 
15 7 27 28 7 15 15 7 
16 6 6 2 6 16 16 6 
17 5 13 11 5 17 17 5 
18 4 14 8 4 20 20 4 
19 3 10 23 3 18 18 3 
20 2 9 27 2 19 19 2 
21 1 8 29 l 21 21 1 
22 22 7 3 22 
23 23 11 7 23 
24 24 12 12 24 
25 25 15 15 25 
26 26 16 16 26 
27 27 17 17 27 
28 28 20 20 28 
29 20 18 18 29 
30 30 19 19 30 
31 3l 21 21 31 


setting down of orders of impórtance certain assump- 
tions have been made. These are as follows: 
1. That the station has two busses. 


2. That there be a transfer or inspection oil switch 
available at the station. 


3. That in case of a lightning impulse or discharge 
sufficiently high to spill over coming into the station, 
the spilling over at one point will prevent the impulse 
with a dangerously high head going any further. 
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TABLE VI 
GRADING INSULATION FOR LIGHTNING IMPULSE SURGES 
1 = Highest insulation down to 15 = Lowest Insulation for Results Indicated 
Column 1 2 3 4 . 5 
Min. danger of Min. cost of Ave. position Suggested 
Min. no. of complete apparatus from columns for general 
Member Apparatus interruptions interruptions repair 1—2—3 conditions 
A Oil switch (internal make-up).............. 13 4 2 6-1/3 1 
B Insulators— Bus side of oil switches......... 10 1 9 6-2/3 2 
C Power transformer windings............... 15 5 1 7 3 
D Oil switch bushings....................... 12 3 6 7 4 
E Potential transformer windings.............. 9 - 9 3 7 5 
F Disconnects— Line side of oll switches....... 3 7 11 7 6 
G Insulators—Line side of oil switches. ........ 2 8 12 7-1/8 7 
H Current transformer windings.............. 7 11 4 7-1/3 8 
I Disconnecte— Bus side of oil switches. ...... 11 2 10 7-2/3 9 
J Power transformer bushings............... 14 6 5 8-1/3 10 
K Potential transformer bushings............. 8 10 7 8-1/3 11 
L Current transformer bushings.............. 6 12 8 8-2/3 12 
M Insulators on line......................205. 1 15 15 10-1/3 13 
N Choke coils........... 0... 0.0... 000 cee 5 13 13 10-1/3 14 
(0) L. A. sphere-gap insulators................. 4 14 14 10-2/3 15 


4. The effect of a change in the entrance arrange- 
ment of ground wires, the effect of the protective 
values of the bus structure itself, and the effect of the 
lightning arrester, have been entirely neglected. 

Obviously as it stands, Table V does not offer a 


x 
1400 


Kv caps 
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Fic. GRADING OF TRANSMISSION SYSTEM 


INSULATION STRENGTHS 


4—PROPOSED 


Showing impulse and 60-cycle flashover or breakdown voltages. For 
references to links, see Table VII 


practical setup. There are altogether too many 
members. In Table VI, the total number of 31 
members has been reduced to 15. 

Table VII proposes that the insulation on a trans- 
mission system should be divided into four groups and 
that the insulation of these groups follow a definite 
order. Table VII further suggests that the insulation 
of a group of members in the transmission system con- 
sisting of oil switch bushings, potential transformers, 
disconnect switches, current transformers, etc., be all 
held at the same level. These four groups are sub- 
sequently referred to as the four links. 


In Figs. 5 and 5A the curves of 60-cycle strength 
developed in Fig. 4, have been plotted in terms of 
r. m. s. values on both coordinates. 

In analyzing these curves it will be seen that while 
it is possible to rationalize and work out a system of 
insulation strength with comparatively few links in a 


TABLE VII 
PROPOSED INSULATION CHAIN 
Rationalized Suggested 
order of order 
insulation of links 
Col. 5-Table VI Apparatus in chain 
1 Oil switch internal make up . 
1 
2 Insulators— Bus side of oil switch 
3 Power transformer windings 2 
Potential transformer windings 
Disconnects—Line side of O. S. 
Insulators— Line side of O. S. 
Current transformer windings 3 


4 

5 

6 

7 

8 

9 Disconnects— Bus side of O. S. 
10 Power transformer bushings 
11 Potential transformer bushings 
12 Current transformer bushings 
14 Choke coils : 
15 L. A. sphere gap insulators 


13 Insulators on line 


| 
Oil switch bushings 
| 


SUBDIVISION OF LINKS 


1 A—Oil switch (exclusive of bushings) 

1 B—Bus insulators— (suspension or strain) 

1 C—Bus insulators— (Post type) 

2 A—Power transformers (exclusive of bushings, 

3 A—Bushings and disconnects 

3 B— Transformers (C. T. & P. T.) 

4 A—Short section of line nearest S. S. (About 1 mile). 


particular chain, the problem is not quite so simple 
when the 60-cycle strength is considered. 

Leaving the 60-cycle tests as they are, however, it 
should still be possible to work up a rationalized system 
of insulation strength under impulse conditions and, 
if the system is a proper one, it should be unnecessary 
to disturb it in any way when finally the 60-cycle end 
is rationalized. ° 
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Keeping this in mind, the writer suggests the system 
shown by curves 1 to 4, Fig. 4, as fulfilling the necessary 
requirements. So long as apparatus and insulation 
strength are specified and bought on the basis of normal 
or line voltage, difficulty will be encountered in utilizing 
on a system of a definite voltage, apparatus that might 
have a nominal rating of a considerably higher voltage. 
This difficulty could be avoided definitely if apparatus 
were bought on the basis of normal operating voltage 
and with insulation strength of a certain definite chain. 
If once the idea is embraced that insulation strength 
does not always go together with operating voltage, and 
it is specified independently then it will be possible 
to realize the idea of obtaining for each system, the 
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Fic. 5a—60-CycLte Errective VouLTAGE BREAKDOWN OF 
Links AND A. I. E. E. SPECIFICATIONS 


insulation strength really necessary. In Table VIII 
nominal kilovolt classes have been purposely indicated, 
but there is really no valid reason why these should be 


TABLE VIII 
IMPULSE VOLTAGE FAILURE FOR PROPOSED INSULATION 
CHAINS 
Insulation 
chain no. 1 2 3 4 5 6 7 8 9 10 
Nominal 
kv. class 25 | 3714| 50 70 90 115] 145] 175 | 205 |237 14 
Link no. All values below in crest kv. 
1 382 | 526 | 639 | 819 | 985 | 1185 | 1405 | 1620 | 1830 | 2020 
2 353 | 486 | 592 | 756 | 910 | 1095 | 12986 | 1495 | 1686 | 1870 
3 324 | 445 | 542 | 693 | 834 |1005 | 1190 | 1370 | 1548 | 1715 
4 294 © 405 | 492 ' 630 ' 757 | 912 ' 1080! 1245 ' 1405 | 1555 
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adhered to, or why these should appear in any specifica- 
tions or design calculations. 


IX. SUMMATION 


The writer believes he has shown that: 

1. The present status with regard to insulation 
practise and standards is not satisfactory. This is as 
true with regard to the manufacture and application of 
apparatus as it is with regard to the various rules and 
regulations issued by state and other regulatory bodies. 

2. There is no single cause for the present situation, 
but there are many contributory factors, some of which 
were perhaps unavoidable. 

3. The net effect of the present status is one of 
confusion in regard to the specification and the pur- 
chase of insulation value. Furthermore, the problem 
of designing a system that is properly correlated in insu- 
lation strength is extremely difficult. In the long 
run this results, in more trouble on the transmission 
system than is necessary or desirable. 

4. It would be highly desirable to bring about a 
condition for eliminating some of these difficulties 
without making a separate research of each problem of 
transmission. If a system of grading were worked out 
and adhered to by all manufacturers and users of 
apparatus and equipment, many of the difficulties 
today encountered in the problem of making a trans- 
mission system give continuous service would be done 
away with. 

5. Before such a state can be reached more exact 
data with regard to the characteristics of switching 
surges and lightning waves, and a definite agreement 
as to how these various quantities are to be measured, 
will be necessary. In other words, to have standards 
for each. 

6. Assuming that all the data outlined in paragraph 
5 are obtained, a method of arriving at the order of 
grading insulation can be formulated. By the proper 
consolidation of various members it is possible to reduce 
the transmission chain links that will be graded from 
each other to a reasonable number. A four-link system 
was proposed; but while four links are adequate from a 
lightning standpoint, from the power-frequency stand- 
point the problem is considerably more complicated due 
to the different impulse ratios. This problem will 
require further study. 

7. Without changing for the present the specifica- 
tions covering power-frequency strength, a series of 
insulation chains that will be properly graded from the 
standpoint of lightning strength can be worked out. A 
definite series of that type was proposed. By elimina- 
tion of nominal operating voltages, the probability of 
obtaining proper insulation strength will in many cases 
be enhanced. 

8. If the systems proposed are adopted, the ulti- 
mate result ought to be less expensive and the design 
more satisfactory; in other words, giving better con- 
tinuity on the transmission system as a whole. 


Lee 
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Utilization of Lodgepole Pine Timber for Poles 


BY R. W. LINDSAY! 


Associate, A. I. E. E. 


Synopsis.— With an ever-increasing demand for poles used in 
the construction of power and communication lines new sources of 
supply must be developed from time to time. Along the Rocky 
Mountain Range are found large stands of various spectes of tumber 
suitable for the production of poles and so far not utilized to any 


INTRODUCTION 


URING recent years the demand for poles to be 
used in constructing telephone, telegraph, signal, 
light and power lines has increased rapidly. 

In the eastern part of the United States the cedar 
stands of Maine have been largely depleted of 
timber of sufficient size to produce long and 
large-sized poles, and the northern white cedar stands 
of the Great Lakes region are facing the same 
situation. Although the blight of the chestnut timber 
in the Appalachian region has somewhat stimulated the 
current production of chestnut poles, a large curtail- 
ment of the future supply of these poles is inevitable. 
In all pole-producing areas, including the enormous 
stands of red cedar timber throughout the western 
coast regions and in the southern pine stands of the 
South, the hauls are becoming longer, and the charges 
for stumpage are likely to increase from time to time. 


In the face of these conditions, and looking into the 
future, it has been felt that sooner or later it would be 
necessary to develop a satisfactory substitute for 
wooden poles or that new sources of supply must be 
found. To date, substitutes for wooden poles have 
not been found to be altogether satisfactory or econom- 
ical, andit is therefore logical for companies serving the 
public in sparsely settled territory, necessitating heavy 
expenditures for pole plant, to look for new sources of 
pole supply, not only for present consumption but to 
protect their growing demands of the future. 


It has been known for a long time that the Rocky 
Mountain Range, from New Mexico in the South to 
Montana in the North, is covered with timber of the 
proper size to make poles, the principal species avail- 
able being lodgepole pine, Engelmann spruce, western 
yellow pine, and Douglas fir. There are various 
reasons why this timber thus far has not produced many 
poles; but the chief reason is probably the fact that when 
these species, with the exception of Douglas fir, are 
placed in the ground they do not resist the attack of 
fungi to any great extent. It has been recognized, 


1. Gen. Eng. Dept., The Mountain States Telephone and 
Telegraph Co., Denver, Colo. : 

Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25-28, 1928. Complete copies upon request. 


appreciable extent. This paper outlines briefly the selection of 
lodgepole pine timber for this purpose, relates the past experience 
with such poles used in certain test lines, and describes in general 


the production and preservative treatment of the poles. 
+ * * * * 


therefore, that unless a satisfactory treatment could be 
developed to protect the wood from the infection of 
fungi, the vast amount of pole timber close at hand 
could not be economically utilized. 


In 1923 an investigation was undertaken by The 
Mountain States Telephone and Telegraph Company 
to determine (1) whether or not satisfactory poles 
could be obtained from the native timber, and (2) 
whether or not a reliable preservative method could be 
developed to protect the poles after being placed in 
the ground. In order to decide whether or not satis- 
factory poles could be obtained from the native timber, 
three major questions had to be definitely determined: 

a. Whether or not suitable pole-making timber 
could be found in large quantities in accessible places 
and close to the railroad. 

b. Whether or not, from the standpoints of strength, 
shape, grain, etc., the timber would be satisfactory. 

c. Whether or not poles from this timber could be 
produced at prices equal to or lower than current 
prices of other poles. 


AVAILABLE POLE TIMBER 


Recent surveys made by the United States Forest 
Service show that on certain test sections in several 
of the national forests of Colorado and Wyoming 
from 53 to 176 poles per acre can be produced. 


From sections that have been cut for the purpose of 
securing ties, sawlogs, props, and poles, and in other 
sections where special surveys have been made, it has 
been possible to gain a general idea of the proportion 
of available poles to the total number of sawlogs and 
ties that this timber affords. The amount of sawlog 
and tie timber available in the Colorado and Wyoming 
National Forests (Wyoming and Teton National 
Forests in Wyoming not included) is as follows: 


Species No. of Ft—Board Measure 
Lodgepole pine............. 10,599,078,000 
Engelmann spruce.......... 15,236,420,000 
Western yellow pine....... . 2,031,688,000 
Douglas fir................ 1,959,289,000 


From the above information, and allowing fully for 
trees that would not make satisfactory poles, it can 
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be conservatively estimated that there are now in the 
Colorado and Wyoming National Forests 200,000,000 
trees that would make specification poles. These poles 
range from 20 ft. to 85 ft. in length, with the majority 
under 50 ft. in length. Besides this growth there is an 
enormous amount of privately owned pole-sized timber 
here and there along the range. Thestates of Montana 
and Idaho also have very large stands of available pole 
timber on United States national forests. In Colorado, 
Wyoming, Montana, and Idaho this timber, consisting 
mostly of lodgepole pine and Engelmann spruce, can be 
secured in large quantities within from two to ten miles 
of existing railroad shipping points which are connected 
with transcontinental railroads, thus making possible 
comparatively short hauls. 

The timber controlled by the United States Forest 
Service will always be productive of poles in very large 
quantities. The cutting is so programmed that the 
mature timber is cut first, the less mature next, and so 
on until the crop is either materially thinned or entirely 
cut. The age of the present mature stands varies 
from 75 to 300 years. Lodgepole pine reseeds itself, 
and after being cut a new growth appears in a short 
time. Reproduction or second growth in pole sizes 
can be obtained within from 75 to 100 years, depending 
upon the soil characteristics, growing conditions, etc. 


TIMBER CHARACTERISTICS AND TESTS 


In selecting pole material the fiber strength in bending 
is a very important consideration. The strength of 
pole timber is usually determined by testing the poles 
in a device by means of which the load, distances from 
the load to the supports, and the deflections can be 
accurately measured; and practically all tests of lodge- 
pole pine timber have been made in a standard lab- 
oratory testing machine. 

Comparative tests? of lodgepole pine, Engelmann 
spruce, and cedar poles were made in 1911 at the 
University of Colorado, at Boulder, Colorado, by 
Notman Betts and A. L. Heim, engineers in forest prod- 
ucts. Twenty western red cedar poles which were 
cut near Edgemore, Idaho, and purchased on the 
Denver market, 22 lodgepole pine poles cut in the 
Deerlodge National Forest, Montana, besides 20 
lodgepole pine poles, and 20 Engelmann spruce poles, 
fire-killed ten years and cut in Colorado, were all 
shipped to the University of Colorado for these tests. 
The strength in bending was determined by placing the 
poles in a Riehle testing machine and applying a load 
until failure occurred, and the fiber strength at elastic 
limit, modulus of rupture, stiffness factor, and modulus 


of elastic resilience were determined for all poles con-. 


sidered. In addition, the moisture content, annular 
rings per inch, proportion of heartwood and sapwood, 
and the weight per cubic foot were determined. The 
general results of these tests were as follows: 


2. This report is covered in detail by Bulletin No. 67, U. S. 
Dept. of Agriculture, dated March 17, 1914. 
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1. Air-seasoned lodgepole line is superior to western 
red cedar in all the mechanical properties determined. 

2. . Fire-killed lodgepole pine is only 80 per cent as 
strong as western red cedar at maximum load. 

3. Fire-killed Engelmann spruce poles are inferior 
to cedar and pine in all mechanical properties. 

The comparative average strength of the cedar, air- 
seasoned and fire-killed lodgepole pine, and the fire- 
killed Engelmann spruce is shown clearly in the 
following table: 


Lb. per sq. in.|Lb. per sq. in. 
Moisture | modulus of |fiber stress at 
content rupture elastic limit 


Western red cedar............... 15.1 6,885 4,430 


Lodgepole pine (air-seasoned).... 21.9 7,680 5.280 
Lodgepole pine (fire-killed)...... 16.9 5,481 4.327 


Engelmann spruce (fire-killed) . .. 16.3 4.378 3,489 


In 1926 the Mountain States Telephone and Tele- 
graph Company made similar tests of 53 lodgepole 
pine poles. All the poles weré cut green in the Sar- 
gent, Pitkin, and La Veta Pass districts of Colorado. 
Thirty-one of the poles tested were open tank-treated 


‘with creosote, the temperature of the hot bath during 


the creosote treatment having ranged between 200 and 
260 deg. fahr. These poles were shipped to the Uni- 
versity of Colorado, at Boulder, and there tested in the 
same Riehle machine that was used by Betts and Heim 
in 1911. To determine the modulus of rupture the 
poles were placed in the machine in 20-ft. lengths in 
order to allow both ends of the pole to rest on the bed 
of the machine. The load was applied at a uniform 
speed of approximately one inch per minute. The 
deflection of the pole was noted at intervals of 1000 lb., 
until a total load of 6000 Ib. was reached, after which 
the machine was kept in balance, the deflection being 
noted at 250-Ilb. intervals until failure occurred. The 
characteristics of each fracture were carefully examined, 
and data were tabulated regarding the relative location 
of large knots, the type of fracture, and whether or not 
the pole failed in tension or compression. In the tests 
the annular rings per inch, twist in grain per 20 ft., 
taper, moisture content, and specific gravity were also 
determined. . 

The main conclusions drawn from these tests were as 
follows: 

1. The open-tank treatment of the poles did not 
show a positive tendency either for increasing or 
decreasing the strength of the pole. 

2. Aslight tendency toward an increase of strength 
with a decrease in moisture content was noted. 

3. Large knots or rings of knots were found very 
objectionable from the standpoint of strength. 

4. Themodulus of rupture for the 53 pieces averaged 
7723 lb. per sq. in. The average moisture content was 
15.98 per cent. 

In 1927 the Bell Telephone Laboratories made tests 
of pressure-treated creosoted lodgepole pine poles at the 
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University of Colorado. The average modulus of 
rupture determined in these tests was 6214 Ib. per sq. in. 
When considered as to shape, grain, and other physi- 
cal characteristics necessary for satisfactory pole 
material, all species—that is, Engelmann spruce, 
lodgepole pine, Douglas fir, and western yellow pine— 
would qualify and would rank in the order named in so 
far as desirability is concerned. This rating is deter- 
mined by an examination of the timber after it is cut 
into poles, noting the taper, the size of knots, the twist 
in grain, the thickness of sapwood, the extent of un- 
desirable scars, and other features inherent in its 
growth. Western yellow pine grows generally in rather 
open areas, is found in large trees, and has large knots; 
moreover, extensive pole-producing areas are scarce. 


PRODUCTION COSTS 


At the time this investigation was made, all cost 
figures as to stumpage, cutting, skidding, hauling, and 
loading poles on the cars indicated that poles in most 
of the available Rocky Mountain areas could be pro- 
duced at equal or less cost than those shipped in from 
other sources of pole supply, with the possible exception 
of southern yellow pine in some districts. 

In connection with the cost of producing poles in this 
territory the freight factor is very important. For 
example, poles can be delivered in Colorado from the 
pole-producing areas of either Colorado or Wyoming at 
a freight rate less than one-half the rate from other 
sources. 

LODGEPOLE PINE AND EXPERIMENTAL LINES 


The lodgepole pine, because of its existence in such 
large quantities and in such favorable locations, from a 
cutting and shipping standpoint, and also due to its 
greater fiber strength than that of the Engelmann 
spruce, was chosen as a logical pole timber with which to 
experiment. 


It was recognized that the successful and profitable 


utilization of lodgepole pine timber for poles could 
not be expected unless a satisfactory treatment could be 
employed that would be effective in protecting the 
wood from rotting after the poles were placed in the 
ground; and it is now an established fact that this 
timber can be so protected, as shown by experience 
with the following lines. 

In 1909 at Norrie, Colorado, 1022 fire-killed lodgepole 
pine poles were butt-treated with creosote oil. The 
treatment consisted in placing them in a vat containing 
the oil, which was heated for a sufficient time, allowed to 
cool, and then drawn off. In this process a penetration 
of from one-eighth inch to one-fourth inch was obtained, 
which under present-day methods is considered shallow 
penetration. One very important factor which favored 
these poles was that they were fire-killed and thus 
perfectly seasoned, and therefore checked very little 
after they were placed in the lines. Of these poles, 
561 were placed in service in Rifle, Colorado, by the 
Rifle Heat and Power Company, and a line was also 
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built extending from Rifle to their power plant, a dis- 
tance of approximately twelve miles. These poles 
were inspected in 1917, 1920, and again in 1926. After 
17 years’ service, 88.4 per cent of the poles were found 
to be sound, 2.6 per cent contained decay, and 9 per cent 
had been removed. All tops were inspected and only 
one pole showed signs of decay above the ground. 

In 1910 The Mountain States Telephone and Tele- 
graph Company placed in service 759 poles which were 
fire-killed and treated at Norrie in the same manner as 
the poles placed at Rifle. They were used in a line 
between Hotchkiss and Crawford, Colorado, and to this 
date, after-eighteen years' service, no resplacements 
have been made, although 42 poles have been reset 
and 10 have been reinforced. 

Studies of pole-line inspection reports show that very 
few poles in the Rocky Mountain territory become 
infected and rot above the ground line. This is prob- 
ably due to the lack of moisture necessary to fungi 
growth. For this reason it is felt that in this territory 
it is neither necessary nor economical to treat poles 
above the ground line. 

In the light of this past experience it is reasonably 
certain that, when seasoned and properly butt-treated 
with dead oil of coal tar, lodgepole pine poles will prove 
both satisfactory and economical for the construction 
of power and communication lines throughout large 
areas of the West. 

PRODUCTION 


Tentative specifications for lodgepole pine poles were 
drafted in 1924. In general, these specifications fol- 
lowed those for southern yellow pine poles, taking into 
consideration, however, the characteristics of the lodge- 
pole pine timber. In November, 1926, specifications 
for lodgepole pine poles and the creosote treatment 
thereof were drafted by engineers of the American 
Telephone and Telegraph Company. These specifica- 
tions were based upon the experience gained in handling, 
inspecting, and treating these poles and the tests made 
to determine their strength in bending. These specifi- 
cations are still in force. 

In 1924 arrangements were made with a timber com- 
pany to cut approximately 10,000 lodgepole pine poles 
in the vicinity of Sargents and Pitkin, Colorado. 
Due to the fact that any oil treatment is of little value 
in this territory unless the poles are properly seasoned, 
an effort was made to cut these poles so that they would 
season during the months of June, July, and August 
previous to their shipment to the treating plant the 
following January and February. In the seasoning 
process the moisture content reduces from 60 to 90 
per cent to 20 to 25 per cent. "The seasoning is valuable 
for three reasons: 

1. It reduces the weight of the pole, thereby effect- 
ing savings in freight and hauling charges. 

2. The shrinkage in the wood fiber produces checks 
which can be stapled and controlled before the pole 
is treated and placed in service. 
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3. Poles having a heavy twist tend to straighten 
out when seasoning. If poles are placed in the line 
when green, the gains become out of line as the poles 
season, which, in some cases, necessitates regaining and 
retying the wires in order to relieve the tension on one 
side of the arm. 

In an endeavor to control the checking of the poles 
after they have been treated, anti-splitting staples are 
used for controlling large season checks. These staples 
are driven into the poles, spanning the checks to pre- 
vent further opening. This practise is also employed 
to control checks in western cedar poles. During the 
seasoning pfocess small poles shrink from 3¢ in. to 1 in. 
in circumference, while large poles shrink from 114 in. 
to 214 in. in circumference, depending upon the size of 
the pole, the age of the tree, and other factors. It 
is therefore absolutely necessary that poles be cut from 
six to nine months in advance of using them, in order 
that they may be properly seasoned. It is also more 
economical for the producer to cut poles when the sap 
is up and the bark can be removed easily, which period 
is generally between April 15 and August 1. All cutting 
operations, of course, cannot be done during this time, 
but it is a great aid to the cutter if he can cut and peel a 
large number of his poles at this opportune time. 

In most cutting areas it is more economical to haul the 
poles from the woods to the railroad on snow with sleds 
than any other way, although in a few localities where 
road conditions permit probably a wagon or tractor 
could be operated satisfactorily, but in general such a 
method is expensive. After being cut, limbed, and 
peeled, the poles must be skidded to the roads, sorted 
fairly well according to size and class, and placed on 
timbers to minimize the chance of becoming infected 
with fungi growth and to aid in their further seasoning. 
After snow falls in large enough quantities to permit 
sledding, the poles are hauled to the railroad and there 
placed on skids, assorted by classes and lengths to 
await inspection. 

It can readily be seen that it is necessary carefully to 
program the pole requirements far enough in advance 
to allow the producer to cut and haul the poles at the 
most economical time and still have the proper time 
for seasoning. 


Returning to the activities of The Mountain States 
Telephone and Telegraph Company directed toward 
determining the feasibility of lodgepole pine pole pro- 
duction, and referring to the arrangements made in 1924 
for the cutting at Sargents, Colorado, after these poles 
were fairly well seasoned in the woods or at landing 
yards along the railroad, they were shipped to Salida, 
Colorado, for treatment. 


PRESERVATIVE TREATMENT 
In the meantime an open-tank creosoting plant was 
constructed at Salida, Colorado, for the purpose of 
treating poles. Salida was selected as the logical 
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location for this plant because it is near the center 
of the pole-producing timber on the Denver and Rio 
Grande Western Railroad, and a junction point of the 
narrow and standard-gage routes of this system. 
The vats of this plant were constructed in general 
according to plans furnished by the American Telephone 
and Telegraph Company. There are two treating vats 
9 ft. wide, 24 ft. long, and 10 ft. deep. In the bottom 
of each vat is a steam coil protected by a steel grid. 
There are two storage tanks for the dead oil of coal tar, 
one called the cold tank and the other called the hot 
tank, each containing a heating unit to maintain the oil 
at the proper temperature. The heating unit in the 
cold tank maintains the temperature of the oil at 
approximately 100 deg. fahr. in winter weather and 
by circulating cold water through this unit during the 
summer time, the cold oil can be kept at a temperature 
of approximately 100 deg.fahr. The vats and tanks are 
supplied with steam from a 40-hp. boiler and under a 
pressure of 45 lb. per sq. in. A pit is located between 
the treating vats, in which is mounted a centrifugal 
pump driven by an electrie motor; and the vats, pump, 
and tanks are connected with eight-inch pipe lines. 
This arrangement provides for pumping the oil rapidly 
out of the vat after the hot treatment and pumping 
cold oil back into the vat to continue with the cold 
treatment. 

Experiments supervised by the Department of 
Development and Research of the American Telephone 
and Telegraph Company were carried out to determine 
the proper preparation of the poles and the character of 
the treatment which would produce the best results. 
In order to insure even and deep penetration it was 
found necessary to remove all pink bark on winter-cut 
poles and also the transparent skin on summer-peeled 
poles. The necessary shaving of the poles was done 
with an ordinary draw knife. It was also found that 
the most desirable results could be obtained by treating 
the poles in a hot oil bath for seven hours at a tempera- 
ture of from 225 to 250 deg. fahr., after which the 
hot oil was replaced quickly with cold oil and the treat- 
ment continued for an additional seven hours at a tem- 
perature of from 100 to 110 deg. fahr. With this treat- 
ment a penetration of oil was secured ranging from?$ in. 
to 214 in., with an absorption averaging 2.2 gal. per pole. 
It was found that by raising the temperature of the 
hot bath from 225 to 250 deg. fahr. the absorption of oil 
greatly increased. 

Test pieces of Douglas fir were treated, and it was 
found that very little penetration could be secured. 
Lodgepole pine generally has a thick sapwood, while 
that of Douglas fir is relatively thin, In either species 
under ideal conditions the sapwood can be penetrated, 
but very little, if any, penetration can be secured into 
the heartwood. Tests of fire-killed lodgepole pine tim- 
ber were made, and it was found that a penetration 
of more than one-half inch was impossible, regardless of 
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the temperature of the hot bath. In this connection it 
was impossible to locate stands of suitable fire-killed 
lodgepole pine in Colorado. 


During 1925 approximately 3500 poles were shipped 
to Salida, where they were prepared for treatment, 
treated, and reshipped to their destination. The 
following year 21,000 poles were cut in the vicinity of 
Sargents, Pitkin, and La Veta Pass, Colorado, treated 
at Salida, and placed in linesin Colorado, Wyoming, and 
Utah. In 1927, 16,000 poles were produced in the same 
locality. In 1927 arrangements were made to expand 
the production, and contracts were made with a pro- 
ducer on the Moffat Railroad near Phippsburg, Colorado, 
and one on a branch railroad near Laramie, Wyoming, 
with the result that the total production in 1928 will 
be in the neighborhood of 35,000 poles. As the pro- 
duction and consumption of these poles increases, 
producers should be secured in Montana and Idaho. 


CONCLUSION 


There is every reason to believe that tank-treated 


lodgepole pine poles will have an average life in service 
of at least fifteen or twenty years, and possibly longer. 
There are many factors that affect the ultimate wire 
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load of a telephone pole line, and often this load in- 
creases faster than was originally anticipated, with the 
result that the pole is found to be undersized long 
before it has been condemned; also, at times other un- 
foreseen factors necessitate moving the pole before its 
life has been spent. In this territory it now appears 
that a pole with the lowest possible first cost and a 
fairly long life is more economical than a pole with a 
higher first cost and longer life. In other parts of the 
United States where the density of poles is greater and 
poles can readily be recovered and reset without 
damaging the treated portion, different conclusions may 
be reached. 

From the foregoing outline of the investigations thus 
far made to determine the field of usefulness offered by 
lodgepole pine timber as a source of pole supply, there 
ean be found justification for continuing and ex- 
panding this production, with full confidence that 
through the employment of proper methods of cutting, 
seasoning, and treating, lodgepole pine poles will prove 
highly satisfactory for the construction of the ever- 
increasing number of power and communication lines 
traversing the western plains and Rocky Mountain 
region. 


Abridgment of 


Electrical Features of the Conowingo Generating 


station and the Receiving Stations in Philadelphia 
BY R. A. HENTZ: | 


Member, A. I. E. E. 


Synopsis.—The paper outlines the principal electrical features 
of the Conowingo development. This includes a description of the 
main units and their connections, an outline of the station au ciliary 
supply, and the 220,000-volt substation which it was necessary to 
build on the roof of the power plant. 

A description is included of the 220,000-volt substation at 
Plymouth Meeting, the Philadelphia terminus of the Conowingo 
lines, as well as the lines of the Pennsylvania-New Jersey Inter- 
connection. At this substation are located the 30,000-kv-a. syn- 
chronous condensers installed for stability purposes, as well as a 


T stations or substations are involved in 
delivering the electrical energy from the Cono- 
wingo development into Philadelphia: 

a. The Conowingo Hydroelectric Generating Station. 

b. The 220/66-kv. step-down substation at Ply- 
mouth Meeting. 

c. The combined 66-kv. switching station and 
66/13.2-kv. substation (known as Westmoreland Sub- 

1. Engineer, Station Electrical Div., Philadelphia Electric 
Co., Philadelphia, Pa. 

Presented at the Baltimore Regional Meeting of the A. I. E. E., 


Dist. No. 2, Baltimore, Md., April 17-20, 1928. Complete copies 
upon request. 
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66-kv. installation. Three-winding, 220;69/13.3-kv. self-cooled 
transformer banks of 100,000-kv-a. rating, arranged for tap changing 
under load, aré installed here. 

A description is also included of the Westmoreland Substation 
where the 66-kv. lines from Plymouth Meeting tie in with the 66-kv. 
"backbone" of The Philadelphia Electric System. 30,000- 
kv-a. synchronous condensers for power-factor correction are located 
at this substation, as 18 also an extensive 13,200-volt installation for 
controlling transmission lines to various distribution substations. 

* * * + * 


station) in Philadelphia where tie-in with the exist- 
ing system of The Philadelphia Electric Company is 
effected. 


These, together with the steam generating stations 
and high-tension substations of the Philadelphia Elec- 
tric system, are shown in Fig. 1. 


CONOWINGO GENERATING STATION 
The ultimate development provides for eleven 40,000- 
kv-a. generators and three 220-kv. transmission lines, 
of which seven generators and two lines are being 
installed initially. 
13.8-Kv. and 220-Kv. Layout. Fig. 2isthe main one- 
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line diagram,—the initial nstalieion shown solid, the 
future, dotted. 

The 40,000-kv-a. main units generate energy at 
13,800 volts and step up to 220,000 volts through 
80,000-kv-a. transformers. It is planned to operate 
the plant as a whole in parallel on the 220-kv. bus, but to 
reduce the cost, two generators are tied together to a 


Fic. 1—Masor CONNECTIONS OF THE PHILADELPHIA ELECTRIC 
Co. SYSTEM 


STA. SERV. GENERATORS 1600 KVA. 7OPF, owe s DPHASE 60 CYCLES 
STR. SERV TRANSFORMERS 3-899 KVA. SINGLE PHRASE 20 PF 13900V /440V. 
REACTORS - 60,000 KVR. -10% 
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transformer bank. Should it at some future time be 
deemed desirable for any reason to operate in parallel 
on the 13.8-kv. side, then, by means of additional con- 
struction, the various busses of this voltage may be tied 
together through reactors to form either a four-section 
ring bus or a three-section straight bus. Initially, the 
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No. 8, No. 4, No. 5, and No. 6 sections are tied together 
by an oil circuit breaker, thus providing greater flexi- 
bility of operation between these four generators. 
Generators No. 3, No. 6, and No. 9 and transformer 
banks No. 2, No. 3, and No. 5 may be double-bussed 
in the future should the 13.8-kv. ring be formed. This 
permits testing a line from a generator with the least 
interference to'the maximum output over the remaining 
line or lines. 

There will be two feeders, each connected to separate 
sections of the 13.8-kv. bus to supply a station service 
transformer bank, and provision for two other feeders 
for the supply to communities in the vicinity. 

Two plans for the 220-kv. structure were considered: 
one a complete double bus layout which would have 


" been located on the west shore, the other the most 


flexibly operated bus that could be located on the roof 
of the power house. On the basis of cost and operating 
convenience the latter was chosen, incorporating reserve 


: oil circuit breakers for the lines. 


The reserve line breakers are located at the ends of 
the 220-kv. structure and can be electrically substituted 
for the regular ones. Quick isolation of a defective 
section is provided for by several interlocked motor- 
operated bus sectionalizing air-break switches. 


MAIN ONE LINE DIAGRAM OF CONNECTIONS 
ELECTRICAL EQUIPMENT - HYDRO- ELECTRIC STATION 
‘CONOWINGO PROJECT 

R cO. 
COMPANY 


PHILADELPHIA wit mer Powe 


THE CONOWINGO POWER STATION 


Station Auxiliary System. Fig. 4 is a one-line 
diagram of the 440-volt three-phase auxiliary system. 
This may be divided into two parts: First, that to 
supply the essential auxiliaries of each main unit, which 
are air-exicter set, a governor oil pump and a generator 
ventilating fan. The energy is obtained from alterna- 
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tors directly connected with their exciters on the shaft 
of the main unit. Second, that to supply the less 
essential auxiliaries and the general lighting. The 
power is obtained from two 1600-kv-a. station service 
turbine generators and a 2500-kv-a. transformer bank. 
The latter is provided with an induction regulator on 
the 440-volt side. 


The unit auxiliary bus is divided into two parts to 
increase the flexibility, and an emergency supply may be 
obtained from either individual feeders from the station 
service busses or a feeder common for all generators. 


The general station service supply is from a single 
bus sectionalized into three sections, the middle one 
supplied by the transformer bank, and each of the 
two end ones by a turbine generator. 

The lighting is obtained from three 200-kv-a., single- 
phase, 440/110-220-volt transformers, dividing the 
lighting into three independent parts. In the event of 
failure of the a-c. supply, a number of lighting circuits 

. are automatically connected to a storage battery by a 


v 
[X] 
m * : . 


"P gi TIN 
Fa Felts AS 
"TULIT 


Ee la Bi i 
Br p | 


reer eee 


OROSS SECTION 
ODDO QD STATION 
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throw-over switch. Two 20-kv-a. series lighting trans- 
formers are installed for lighting the highway over the 
dam, and a transformer bank stepping up to 2300 volts, 
three-phase is used to supply service to the operating 
village near by. Air circuit breakers are used through- 
out. 

Excitation System. As noted above, each of the main 
generators is excited from individual motor-generator 
exciter sets. These consist of a 375-hp. induction 
motor, a 240-kw., 250-volt main exciter and a 10-kw., 
250-volt pilot exciter operating at 1200 rev. per min. 
As high-speed excitation is essential for stability of 
operation, it was necessary to use motor-generator 
exciters instead of mounting these exciters on the same 
shaft with the main unit. The voltage regulator used 
is a combination of rheostatic and vibrating contact 


busses. This high-speed excitation has been described 
in the technical press.? 

Provision has been made to switch the excitation 
circuits to a spare exciter driven from the general 
station bus in case of failure of the regular motor- 
generator exciter. 

Mdin Generators. The main generators, physically 
the largest ever built, are rated 40,000 kv-a., 90 per 
cent power factor, 13,800 volts, three-phase, 69-cycles, 
81.8 rev. per min. Directly-connected, above the 
thrust bearing, is a 715-kv-a., 70 per cent power factor, 
440-volt, three-phase, 60-cycle auxiliary generator and 
its 41-kw., 250-volt exciter. The neutrals of both main 
and auxiliary generators are brought out, and in the case 
of the main generators are grounded through a four- 
ohm resistor common to all of the units. Fifteen 
temperature resistors are provided in the main machine. 
The generators are, roughly, 38 ft. in diameter, 32 
ft. high, and weigh complete well over 500 tons. 

Main Transformer Banks. Each main transformer 
bank is of 80,000-kv-a. capacity, consisting of three 
26,667-kv-a. water-cooled units. They are Y-con- 
nected on the 220-kv. side, with solidly grounded 
neutral, are insulated for 187 kv. and have a 7V4 per 
cent tap in this winding. The 13.8-kv. side is delta 
connected. 

Oil Circuit Breakers. The oil circuit breakers for 
220,000-volt service are rated 187 kv., 1000 ampere, 
2,500,000 kv-a. rupturing capacity. Potential net- 
works are attached to the condenser bushings which 
will supply potential for synchronizing and the opera- 
tion of impedance relays and instruments. 

The 18.8-kv. breakers have a rupturing capacity of 
1,500,000 kv-a. They are rated 15 kv., but are 
insulated for 25 kv., as are also all the insulators and 
current transformers. The generators and light and 
power breakers are of 2000-ampere capacity, the bus 
tie of 4000-ampere capacity. They are motor-operated. 
The section of the station in which they are located is 
divided off into a number of smoke-proof compart- 
ments so that fire and the resulting soot will be confined 
to a comparatively small area. 

Relays. The main generators have percentage dif- 
ferential relays which take care of phase-to-phase and 
phase-to-ground faults. Overvoltage and mechanical 
overspeed relays protect against excessive frequency and 
voltage that may occur upon sudden loss of load. 

The unit auxiliary generators have differential relays, 
the station service generators and the service trans- 
former have differential and overload protection. 

The main transformers are equipped with differential 
relays and low-energy ground relays. Two additional 
overload relays provide protection against a 220-kv. 
bus failure between phases, and act as back-up relays 
for the phase-to-phase relays on the 220-kv. lines. 

2. “Quick Response Excitation for Alternating-Current 


Synchronous Machines," C. A. Powel, Electric Journal, April 
1927, p. 157. 
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The 13.8-kv. bus sections are protected by differential 
and low-energy ground relays. 

The 220-kv. line breakers and the bus tie breaker are 
each provided with: - 

a. Three low-setting directional impedance relays 
to provide phase-to-phase protection,  . 

b. Three instantaneous undervoltage relays, 

c. Three instantaneous overcurrent relays, 

d. One auxiliary relay whose contacts normally 
short circuit the current coils of the impedance relay 


Fia. 6—40,000 Kv-a. GENERATOR 


(a), which is allowed to function by relay (b) or (c) if a 
fault occurs with minimum or maximum generating 
capacity, respectively. | 

Entirely separate from the relays described above are 
those installed for phase-to-ground protection. These 
are: 
e. One inverse time directional relay. While this 
relay is entirely selective it is assisted and speeded by, 


Fic. 7—SINGLE-LINE DIAGRAM OF PLYMOUTH MEETING 
SUBSTATION 


f. One plunger type instantaneous over-current 
relay, made directional by 

g. One instantaneous directional relay whose con- 
tacts are in series with (f), 

h. One low-energy ground relay acting as back-up. 

It is to be noted that the transformer overload and 
ground relays are set selectively against the line 
impedance and ground relays. 

Miscellaneous. The 220-kv. structure is unique, in 
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that it contains the first installation of 220,000-volt 
lightning arresters ever made. 

Communication with the Philadelphia load dis- 
patcher is provided by direct and public telephone lines 
and low wavelength space radio. 

Fire protection is provided by water lines, carbon 
tetrachloride extinguishers, and a portable Foamite 
generator. For additional protection there are two 
stationary Foamite generators which can be connected 
to a system by piping for fighting fires in the main step- 
up transformers. 

The operating room is located at about the middle 
of the ultimate station and is provided with a pipe room 
beneath. 


Control and emergency lighting of 250 voltsis supplied 


Fic. S—PLor PLAN OF THE PLYMOUTH MEETING SUBSTATION 


from two 632-ampere-hour storage batteries and three 
15-kw. motor-generator sets. 

In line with the company's standard practise, tele- 
phone drop signals are used to indicate any occurrence 
that should be brought to the operator's attention. 

Oil handling is aecomplished by means of two 
500-gal. per min. pumps and five 12,000-gal. tanks. 


PLYMOUTH MEETING SUBSTATION 


The location of this substation about 10 mi. north- 
west of the Westmoreland Substation was determined 
not only by the fact that it would be the terminus of the 
220-kv. lines from Conowingo, but also those of the 
interconnection with the Pennsylvania Power and Light 
and Public Service Electric and Gas Companies. 

The function of the station is to step-down the energy 
received over the above 220-kv. lines to 66 kv., and to 
provide for synchronous condensers used mainly for 
stability purposes. Fig. 6 is a single-line diagram and 
Figs. 7 and 8 show, respectively, the plan and cross- 
section of this substation. The area of land purchased 
for it is 40 acres. 
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The 220-kv. installation consists of two sectionalized 
busses, each line and transformer bank selecting either 
bus through oil circuit breakers. Provision is ulti- 
mately. for seven lines and six transformer banks, of 
which three lines and two 130,000-kv-a. transformer 
banks are being installed at this time. The oil circuit 
breakers are rated 1000 amperes, 187 kv., 2,500,000 
kv-a. rupturing capacity. Each of the two Conowingo 
lines is provided with three 132-kv. potential trans- 
formers connected between line and ground to be used 
for impedance relays as well as instruments. The 
Siegfried line is provided with three combined current 
and potential transformer metering units, the potential 
elements of which are also used for relays and instru- 
ments. Each line is provided with a 220,000-volt 
lightning arrester. 


Step-down Transformer Banks. The initial installa- 


* wee - Y 
` -— — 0 se —— - ` J - -< 
* Bep lr |o id 
- - -< TA wy =” z » 
LS Plus 9 D ein A d d » - 
Y LEM > 


1 ec wh x 
"AVENA oor 
4 -- wi, " M se 


Wine DE EU uu 
SAA. MEET OL MITT 
s 
< | "d 


HENTZ: ELECTRICAL FEATURES OF CONOWINGO DEVELOPMENT 


4! 


^is 
ot 9 
CN. 
t 


T pan 


653 


practically the same design as at Westmoreland and the 
description of this latter given below will suffice. The 
only exception is that all of the lines at Plymouth 
Meeting are overhead, whereas most of those at West- 
moreland are underground. Provision is made, how- 
ever, for taking any of the lines from Plymouth Meeting 
out underground. Lightning arresters are installed on 
all lines. 

Synchronous Condensers. The condenser building is 
arranged to ultimately house six 30,000-kv-a. syn- 
chronous condensers. However, initially only three 
are being installed. 

These condensers operate at 600 rev. per min. and 
are provided with a main 165-kw., 250-volt, six-pole, 
compound-wound exciter, and a 40-kw., 250-volt, 
six-pole, compound-wound pilot exciter, one mounted on 
each end of the same shaft. 
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Fic. 11—GeENeERAL View or THE 220-Kv. Yarp Durina CONSTRUCTION 
130,000-kv-a. transformer banks to the right, oil circuit breakers to the left. 


tion consists of seven 43,333-kv-a., single-phase trans- 
formers making two 130,000-kv-a. banks with a spare. 
They have three windings; 220,000-volt Y, 66,000-volt 
Y, and 13,300-volt delta. The 13,300-volt tertiary 
serves the triple purpose of providing a closed delta 
for tap-changing under load and for driving synchro- 
nous condensers. The transformers with oil weigh 
185 tons each. The tap-changing under load has a 
voltage range of 15 per cent and in addition, two 5 per 
cent taps are provided on the 220-kv. side. 

The heavy oil circuit breakers and transformers, as 
well as the synchronous condensers, are handled by a 
simple system of tracks shown in Fig. 7. It is believed 
that on the initial installation alone the saving in handling 
heavy apparatus paid for the tracks and transfer 
cars. 
66-kv. Substation. The 66,000-volt substation is of 


The condensers at this location are to be used pri- 
marily for stability purposes. They are therefore pro- 
vided with extra high-speed excitation, such as has been 
described in the technical press? The armature 
voltage can be raised by the regulators at a rate of 
6000-7000 volts per sec., applying a "ceiling" voltage 
of about 1000 on the nominal 250-volt field of the con- 
denser. Normally it is planned to operate the con- 
densers at about 10,000 kv-a, under certain conditions 
they will be able to deliver about 55,000 kv-a. each, and 
this increase of 45,000 kv-a. will be brought about in 
half a second. 

To handle the large quantity of oil involved in this 
substation, a separate building has been erected, 

3. "''Super-Excitation," by D. M. Jones, General Elec. Rev., 


Dec. 1927, p. 580; ‘‘Super-Excited Condensers,” by O. A. 
Gustafson, Elec. World, Feb. 18, 1928, p. 349. 
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housing the centrifuges, blotter press, oil pumps and 
the system of valves and manifolds. | 

Relays. The relays for the 220-kv. lines are the same 
as those used at Conowingo, described above. 

The 130,000-kv-a., three-winding transformer banks 
are provided with (a) three overload relays, and (b) 
three special percentage differential relays. 

The 30,000-kv-a. synchronous condensers are pro- 
vided with  single-winding  differentially-connected 
relays. 

The 66-kv. lines are equipped with duplex directional 
impedance relays. 

The station service transformer bank is protected 
by low-energy overload relays. 


WESTMORELAND SUBSTATION 


The Westmoreland Substation ties Conowingo and 
interconnection power into the Philadelphia Electric 
System. It consists of three parts; the 66-kv. substa- 
tion, the 13.2-kv. substation, and the combined con- 
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ity. Lightning arresters are installed on the Plymouth 
Meeting lines. The relay protection consists of duplex 
directional impedance relays on all lines and differential 
with back-up overload relays on transformer banks. 


The condenser building is laid out to house at present, 
two, and ultimately three 30,000-kv-a. synchronous 
condensers operating at 720 rev. per min. They will be 
connected to the 13,200-volt bus bars and will be started 
by means of auto-transformers. It was felt that the 
speed of excitation on these units need not be quite so 
fast as on those installed at Plymouth Meeting. How- 
ever, fairly high speed is desired, and this is provided. 

Both the 66-kv. and 13.2-kv. sections, as well as the 
condensers, are controlled from one operating room. In 
the same building is an extension in which provision will 
be made for a 300,000-volt kenotron test set, offices, 
battery rooms, etc. A 15,000-volt test set consisting 
of a transformer with ratio changing under load will be 
installed outdoors. 

The 250-volt emergency lighting and control system 
consists of two 152-ampere-hour storage batteries and 
two 9-kw. motor-generator sets. 


An oil-handling system consisting of pumps and 
filters is provided, together with 4500-gal. tanks. Supply 


and discharge pipe are extended conveniently to the 
66-kv. breakers and directly to the transformers. 
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BUREAU OF STANDARDS JOURNAL 
OF RESEARCH 


A new monthly periodical, the Bureau of Standards 
Journal of Research continues the publication of the 
two series of research papers heretofore issued in 
Scientific Papers and Technologic Papers. 


The new journal will contain the bureau’s research 
papers and critical reviews in the fields of science and 
technology. These will be comparable in interest and 
and importance with the bureau papers already issued. 
It is believed that the union of pure and applied science 
in one journal will tend to bridge the gap between the 
two fields, and in so doing, shorten the lag between 
discovery and application. This makes it the more 
desirable that all engaged in scientific or technical 
work should have the new publication available for 
current use and permanent reference. The new journal 
will be about the size of the Philosophical Magazine or 
the Annalen der Physik. Each volume (semiannual) 
will be indexed and a cumulative consolidated index 
will be included in the bureau’s list of publications as 
heretofore. 

Several hundred researches are in progress at the 
Bureau of Standards and the outlet for the results is 
the Bureau of Standards Journal of Research. 

Address all orders and inquiries to Superintendent of 
Documents, Government Printing Office, Washington, 
D. C. 
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Method of handling 43,333-kv-a., 220-kv. transformers 


denser building and operating room between them. 
This is shown in.F ig. 11. 


Fig. 13 is a cross-section of the substation. The 
13.2-kv. design will be of the group-phase outdoor type 
of construction. It will be noted that the 66-kv. instal- 
lation consists of double-bus construction, each sec- 
tienalized at two points and provided for the future 
installation of reactors at this point. To each of the 
three sections, two 100,000-kv-a. overhead lines from 
Plymouth Meeting will ultimately, be connected or 
a total of six; and in addition there is provision for a 
total of 13 50,000-kv-a. underground lines and four 
80,000-kv-a. transformer banks stepping down to 
13,200 volts. The initial installation will consist of 
two lines from Plymouth Meeting, two lines to the 
Richmond Generating Station and two lines to the 
Sehuylkill Generating Station; also two lines extend- 
ing to transformer banks at a near-by distribu- 
tion substation, and two $80,000-kv-a. transformer 
fanks. The oil circuit breakers are rated 800 and 
1200 ampere, 73 kv., 2,000,000 kv-a. rupturing capac- 
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The Conowingo Hydroelectric Development 
on the Susquehanna River 


BY 


ALEX. WILSON 3rd! 


Associate, A. I. E. E. 


Synopsis.—T he unusual features of the design and construction 
of the dam, power station, and hydraulic equipment, together with a 


general description of the entire project, are included in this 
article. 


HE Conowingo Hydroelectric Development ranks 

as one of the largest in the United States, as 

shown by the following table giving installed 
capacities in other large plants: 


Installed 

Plant Owner horsepower 
Niagara Falls.... Niagara-Falls Power Company... .. .... ..452.500 

Conowingo....... The Susquehanna Power Co.npany. . .... ..378.000* 

Muscle Shoals.... United States Government... .... . .  .. .260.000* 
Holtwood........ Pennsylvania Water and Power Company . ..158.000 
Keokuk.... ....Mississippi River Power Company.... ... ...150,000 


*[nitial Installation. 


The Conowingo site, with a firm power value of but 
30,000 kw., will initially deliver in Philadelphia 
1,250,000,000 kw-hr. annually, resulting in an annual 
saving of more than 750,000 tons of coal; and with the 
present shape of the daily load curve of The Phila- 
delphia Electric Company system, it can be relied upon 
for a minimum peak capacity of 180,000 kw., which 
would otherwise have to be provided ultimately in 
steam plant capacity. 

From the standpoint of speed of construction, Con- 
owingo is an outstanding achievement in the history of 
projects of similar size. Construction work was started 
March 8, 1926, under Federal License approved 
February 20, 1926, and on March 1, 1928, less than two 
years after starting construction, two of the seven 
36,000-kw. main units of the initial installation were 
placed in regular operating service. 


THE SUSQUEHANNA RIVER 


With the exception of the St. Lawrence, the Susque- 
hanna River basin is the largest and most important on 
the Atlantic Coast. It has a total area of 27,400 sq. mi. 

Along its lower section the river has cut its way 
through a range of tableland; its bed is walled by steep 
rocky bluffs on either sides, affording excellent founda- 
tion conditions for water-power developments. A 
portion of the fall in this section has been developed by 
the Pennsylvania Water and Power Company's dam at 
Holtwood, Pennsylvania. The Conowingo Dam will 
utilize the head from the Holtwood tail-race to within 
four miles of tidewater. 


RELOCATION OF HIGHWAYS AND RAILROAD REQUIRED 
The Conowingo Dam and Power House are located 


1. Construction Engineer, Philadelphia Eleetrie Co., Phila- 
delphia, Pa. 

Presented at the Regional Meeting of the A. T. E. E., District No. 2, 
Baltimore, Md., April 17-20, 1928. Complete copies upon request. 


in Cecil and Harford Counties, Maryland, about six 
miles from the Mason and Dixon line and four and one- 
half miles upstream from the town of Port Deposit. 
The reservoir above the dam has an area of 14 sq. mi., 
and extends above the dam a distance of 14.5 mi. 
Relocation of 16 mi. of the Columbia and Port Deposit 
Branch of the Philadelphia, Baltimore and Washington. 
Railroad Company operating on the left bank, together 
with numerous county and township roads, and one 
state road, including a steel bridge crossing the river at 
Conowingo, Maryland, two miles above the dam, were 
made necessary by the impounding of the waters in the 
reservoir. A new highway bridge with 20-ft. wide 
roadway supported on the structure of the dam and 
power house has been provided. . 


SITE OF DAM 


At the site of the Conowingo Dam, the hills on both 
sides of the river form natural abutments. The river 
bed and its banks to a height well above the reservoir 
level are of igneous formation. Core borings drilled 
along the line of the upstream face of the dam to depths 
varying from 5 ft. to 100 ft. below the rock ledge all 
showed firm hard rock for their entire length. 

As the main channel of the river ran along the Har- 
ford County shore, the power house has been located at 
that end of the dam. 


DESIGN OF DAM AND HEADWORKS 


The dam is of solid concrete masonry construction, 
designed as a gravity section. Its total length, 4648 
ft., includes the power house headworks, 950 ft. long 
and 2385 ft. of ogee type gate-controlled spillway 
section. To collect seepage water under the dam and 
prevent excessive uplift, a longitudinal drain was 
installed on the foundation 10 ft. 6 in. downstream from 
the face of the dam. Cross drains spaced 45 ft. on centers 
connect this drain to tail water at the toe of the dam. 
At all vertical construction joints riser drains connect 
the bottom drains to the inspection tunnel. To reduce 
seepage through the vertical construction joints, copper 
sealing strips were installed near the upstream face of 
the dam. Grout holes located 2 ft. inside the upstream 
face of the dam were drilled in the foundation to a depth 
of 20 ft. at 10 ft. intervals and grouted under 25-lb. 
pressure to form a cut-off wall against seepage through 
the foundations. i 

The dam and power house are founded on rock at an 
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average elevation of about 12 ft. above sea level for the 
dam, and 7 ft. for the power house. 

The overhanging crest is an unusual feature of the 
spillway section. This permitted a curved surface, 
approximating the lower nappe of an overflowing stream 
of thedepth of 22.5 ft. to be formed without increasing the 
width of the section beyond that required for stability. 

The crest of the main spillway is fixed at elevation 86 
and is surrounded by 50 Stony type movable crest 
gates, each 22.5 ft. high by 41 ft. wide, operating in 
guides provided in concrete piers on the dam. Three 
regulating gates, each 10 ft. high by 41 ft. wide, have 
been provided adjacent to the power house on a fixed 
crest at elevation 98.5 for use in finer regulation of the 
poollevel. In the desigm of the spillway, an allowance 
of 4000 Ib. per linear foot was assumed, for ice pressure 
at the water surface. The gate piers, spaced 45 ft. on 
centers, continue up above the pool level and support a 
runway at elevation 115, extending along the spillway 
section and power house headworks from which three 
electrically operated gantry traveling cranes operate 
the crest and regulating gates as well as the sectional 
head gatesand trash rackson thepowerhouse. Thegate 
piers also support the highway bridge which has replaced 
the old Conowingo Bridge inundated in the reservoir. 

The spillway section for the three regulating gates and 
17 erest gates has been provided with a 20-ft. wide 
apron, eurving up from the toe of the dam to an angle of 
1214 deg. with the horizontal, in order to prevent 
erosion at the toe of the dam. 


POWER HOUSE STRUCTURE 


The substructure of the power house, designed to 
meet the requirements of the waterways required by 
the hydraulic units and to support the superimposed 
loads of the water-wheels and power house superstruc- 
ture, was constructed of reinforced concrete. A maxi- 
mum depth of foundation excavations to elevation 
minus 20.5 ft. was required at the hydraucone draft 
tubes of the Allis-Chalmers Manufacturing Company 
wheels. Where Moody spreading type draft tubes 
were used on three of the units, excavation was carried 
to elevation 16.5 ft. below sea level. The main power 
station superstructure of the initial installation includes 
the generator room, which is about 70 ft. wide by 75 ft. 
high by 650 ft. long. The electrical bay between the 
generator room and headworks is a two-story building 
containing the 13,800 volt bus and switch compart- 
ments. Compartments for step-up transformers are 
located on the roof of the electrical bay, together with 
the main control room and the station service control 
room, from which, windows afford a direct view of the 
generator room. The 220-kv. switching station is 
located on the roof of the generator room. For the 
purpose of assembling such large parts as the generator 
rotors and water-wheel runners a dismantling area has 
been provided at the shore end of the power station. 
An office bay has been constructed between the power 
house and shore and is equipped with an elevator 
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operating between elevation 35 and the reception room, 
at the elevation of the highway bridge. 


HYDRAULIC EQUIPMENT 


Initial installation provides for seven 54,000-hp. 
Francis runner, vertical-shaft water-wheels, (ultimately 
to be increased to 11 such units) operating under a 
normal head of 89 ft. and at 81.8 rev. per min. each, 
direct-connected to a 40,000-kv-a., three-phase, 60-cycle, 
13,800-volt generator. These water-wheels, generators, 
and valves, in physical dimensions, are the largest 
constructed to date. 

There are also two 1900-hp. station service units. 

The shape of the intake was determined largely by the 
use of butterfly valves as head gates for the water-wheels, 
which permitted the intakes to be designed with a wide 
entrance near the bottom of the river and low entrance 
velocity, which is accelerated uniformly to a maximum 
in the scroll case. The intake of each main unit is 
divided into two sections by a vertical reinforced con- 
crete wall, extending to within 22.5 ft. of the center line 
of the butterfly valve. Guides for steel head gates and 
sectional trash racks have been provided at the entrance, 
together with guides for a mechanical trash rake which 
operates on rails on the headworks. 

Water-wheels No. 1, 2, 5, and 6 were furnished by the 
Allis-Chalmers Manufacturing Company and are 
connected to General Electric Company generators. 
Wheels Nos. 3, 4, and 7 were furnished by the I. P. 
Morris Corporation and drive Westinghouse generators. 
As the runners of the different manufacturers are inter- 
changeable, only one spare runner is required. The 
governors are of the actuator type with fly-balls driven 
through gearing from the main shaft and are operated 
by oil pressure cylinders. There is one oil pressure 
system for each pair of units. An oil storage and 
purification system has been provided for all of the 
governors and bearing oil of all units, including station 
service units. With each main water-wheel unit, a 
27-ft. diameter vertical shaft, butterfly valve, complete 
with operating equipment, oil pressure system, and 
accessories, has been installed at the water passages to 
therunners. These valves have a cast steel housing and 
a wicket of cast steel, a forged steel shaft and a plate 
steel penstock liner, extended 12 ft. upstream in the 
intake passage. These valves are operated by oil 
pressure from a central oil pressure system. All butter- 
fly valves and the plate steel scroll cases to which they 
are attached have been furnished by the same manu- 
facturers as the respective water wheel units on which 
they have been installed. The weight of the rotating 
elements, together with hydraulic thrust, is carried by 
the thrust bearings on top of the generators. These 
bearings are supported by bracket arms extending 
radially from the structural steel pit liner, which also 
supports the stator of the generator. In the generators 
furnished by the General Electric Company, a spring 
type thrust bearing has been used. The Westinghouse 
generators have Kingsbury thrust bearings. 
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RIVER DIVERSION AND CONSTRUCTION METHODS 


At the beginning of the work, a progress schedule was 
carefully worked out to determine the progress neces- 
sary to be made by the various operations of the work 
to coordinate these operations with the scheme of river 
diversion. This schedule contemplated operation of the 
first two units on June 1, 1928. Construction progress, 
however, was considerably better than scheduled, with 
the result that two units started commercial operation 
on March 1, and a third unit a few days later. 

In the low water season of 1926, a cofferdam of the 
puddle-chamber type was constructed, enclosing the 
power house and west branch of the tail race, an area 
of about 14 acres. The top of this cofferdam was built 
to elevation 42, at which elevation it was estimated that 
it would not be topped by any flood of less volume than 
350,000 cu. ft. per sec., so that work on the heavy 
excavation of the power house foundations and draft 
tubes could reasonably be expected to proceed without 
interruption by floods in the spring of 1927. Simul- 
taneously with the construction of the power house 
cofferdam, another cofferdam of the spaced crib type 
was constructed from the Cecil County shore, extending 
to within approximately 700 ft. of the power house 
cofferdam. About the middle of November, a flood of 
390,000 sec-ft., the greatest November flood that has 
been recorded for the Susquehanna River, occurred. 
The head water elevation raised to within a few inches 
of the top of the sand bags which had been placed on the 
power house cofferdam and of course, topped the spaced 
crib cofferdam on the other side of the river. As the 
foundations forthe dam had been completed in this area 
with alternate spillway sections each, including two 
bridge piers poured to a height above the river level, 
it was not necessary to again unwater this cofferdam 
after the flood had subsided. 

During the winter and early spring of 1927, the 
pouring of the pier sections was completed up to and 
including the highway bridge, leaving intermediate 
sections 38 ft. wide at the level of the foundation (eleva- 
tion 22) to provide for the diversion of the river during 
the summer of 1927. Likewise the power station 
headworks was completed during this period up to an 
elevation well above flood levels. 

As soon as the spring floods of 1927 had sufficiently 
subsided, the cofferdam was extended from the last 
completed spillway section to the power house head- 
works, and by September, the foundations of the dam 
had been completed in this last cofferdam and the alter- 
nate sections poured above the elevation of the top of 
the cofferdam. With the removal of this cofferdam, 
twenty 38-ft. wide notches in the spillway, together 
with eight 10-ft. high by 18-ft. wide sluices through the 
spillway, were taking care of the river flow. 

Final closure of the notches was commenced early in 
October, 1927. The easterly ten notches were first 
brought up to elevation 30, and the west ten to elevation 
35. These two groups, with a 5-ft. difference in bottom 
grades, were then raised alternately in 10-ft. lifts, thus 
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providing 5-ft. flow through ten openings in addition 
to the flow through the eight sluices. In the actual 
closing of the waterway at each 38-ft. opening, a steel 
and timber flap gate, hinged at the top from the ad- 
joining spillway sections, was used. The gantry cranes, 
provided for the crest gates, were used to handle these 
flap gates. With the raising of the notches and cor- 
responding rise of the headwater level, the discharge 
capacity of the eight sluices increased so that finally 
when the notches had been raised to about elevation 50, 
the discharge from the sluices was equal to the river 
flow and the closing of the notches was completed with- 
out the use of the flap gates. 

After the concrete in the notches had been completed 
to crest elevation, final closure of the eight sluices was 
made by lowering specially designed, reinforced con- 
crete gates, weighing 75 tons each, and then filling the 
sluiceway opening with concrete. 

Closure of the notches was hampered through 
November and December 1927 by high water. Favor- 
able flow conditions occurred in January, however, 
permitting completion to crest elevation on January 16, 
and on January 17, 1928, the sluiceway gates were 
dropped, making the final closure of the dam. 

For the construction of the dam, a steel work trestle 
with deck at elevation 60 was built on the toe of 
the dam. Three self-propelled, electrically-operated 
gantry travelers, each equipped with a 15-ton steel 
derrick and concrete elevator were used, the travelers 
operating on rails at thesides of the trestle deck and being 
designed to allow clearance for cars operating on the three 
standard-gage tracks also provided on the trestle deck. 

The following quantities involved in the construction 
of the dam and power house will be of interest: 


Cofferdam eribs.................... 4,250,000 cu. ft. 
Rock excavation, including tail race. 348,000 cu. yd. 
POPS ce d ceo did o ie Yo Break 3,850,000 sq. ft. 
Conerete.i. i lvl kewego Sea 660,000 cu. yd. 
Structural steel.................L. 9,500 tons 
Reinforcing steel................... 6,400 tons 
Hydraulic machinery............... 6,500 tons 


A maximum working force of 5300 men was employed 
on the Project. 

The contract for the design and construction of the 
dam and power station, including installation of hydrau- 
lie machinery and 13,800-volt electrical equipment was 
awarded to Stone and Webster, Inc. The Arundel 
Corporation, as subcontractors to Stone & Webster, 
constructed thedam and were also awarded the contract 
for therelocation of the tracks of the Columbia and Port 
Deposit Railroad. Contract for design and construction 
of the 220-kv. switching station on roof of generator room 
and the transmission lines was awarded to Day and 
Zimmerman Engineering and Construction Company. 

Acquisition of all lands required by the Project and 
all negotiations with Federal, State, and County Com- 
missions were conducted by the power companies 
direct. All matters of designand construction werealso 
under the general supervision of the power companies. 


Abridgment of 


Power Supply for Railway Signals 


and Automatic Train Control 
BY C. F. KING, Jr: 


Associate, A. I. E. E. 


Synopsis.—T his paper deals, in a general way, with the several 
systems of automatic block signaling, particularly the a-c. system, 
and the apparatus commonly used (o insure continuity of power 
supply. It covers briefly the older phases of the subject and more 
specifically the later applications. 

T he most modern system of continuous inductive train control, the 


UTOMATIC block signaling on railroads has 
reached a high degree of perfection. Within the 
last few years train accidents due to failures of 

signals to operate properly have been practically 
unknown. Developments were started many years 
ago but perhaps the greatest impetus toward developing 
and applying the automatic signals came in 1922 when 
the Interstate Commerce Commission ordered 45 rail- 
roads each to equip one locomotive division with 
automatic train control or train stop. In 1924 a second 
order was issued calling upon 41 of the original 45 
carriers to equip a second locomotive division. "These 
two orders covered approximately 15,000 track mi. and 
6300 locomotives. All of this work has been completed. 

The experience gained in this widespread use of the 
automatic system has been very valuable and has led 
to the development of the modern reliable signal 
equipment. 

The most important early development was the 
adoption of the closed-track-circuit principle. In 
this system absence of current in the track causes in- 
dication of the low-speed or stop signal. This makes for 
safety and this principle is the basis of all modern 
systems. 

For a-c. signaling the track circuit consists of the 
rails, rail bonds, track relay, and track transformer. 
For d-c. signaling, primary cells or storage cells take 
the place of the track transformers. 


There are also two combination systems using both 
alternating current and direct current known re- 
spectively as the a-c. floating-battery system and the 
a-c. primary-battery system. These systems utilize 
direct current for the track circuit under all conditions. 
Normally, alternating current is used for the lamps 
which give the position-light and color-light signals. If 
the alternating current fails the lamps are connected 
quickly to a battery by means of an automatic change- 
over switch or "power-off" relay. There is, in effect, 
an automatic substation of the order of 150-volt- 
amperes capacity at each signal location. 


1. General Engineer, Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. 

Presented at Pacific Coast Convention of the A. I. E. E. 
Spokane, Wash., Aug. 28-31, 1928. Complete comes upon request. 


code system, has required the development of frequency-converting 
apparatus for this use. Within the past three years, a number of 
frequency-converting automatic substations has been installed by the 
railway companies. The class of apparatus used in these stations 
1s discussed, including some details of installations on the Pennsyl- 
vania and Long Island Railroads. 


The fundamentals of these systems and the funda- 
mentals of the d-c. system are such as to provide 
excellent insurance against signal outages due to power 
failures, if the batteries are properly maintained. 

A-c. signaling owes its development to the application 
of automatic signaling on d-c. electric-traction systems 
and to difficulties encountered on steam railways caused 
by interference with d-c. track circuits by stray currents 
from nearby d-c. circuits. 

For the operation of a-c. signals the practise is to 
provide a power line paralleling the railway. At each 
signal location the line voltage is stepped down to the 
proper voltage for the track circuit, relays, lamps, and 
semaphore mechanisms. 

Power for operating the early a-c. signal systems was 
provided by means of steam-engine or turbine-driven 
alternators operated by the railways. The switching 
was performed manually and two attendants were 
always on duty, one to fire the boilers and one in charge 
of the engine room. When synchronizing the alterna- 
tors, the fireman manipulated the throttle and the 
engineer operated the switchboard. These power 
plants were located along the right-of-way, considera- 
tion being given to the division of load .among the 
the stations and the possibility of locating the signal 
apparatfis in plants, such as shop power plants, where 
the labor was already available. 

At the present time railway companies realize the 
advantages of purchasing power from central station 
companies with the result that the isolated plants are 
rapidly being replaced by unattended automatic sub- 
stations supplied from power company lines. 

It is well known that the cost of central station 
electric power has declined during the past decade. 
Public utility lines have been extended so that power 
can be purchased in almost any locality. Outages of 
eonsiderable duration are exceptional. At the same 
time the cost of generating power in isolated plants 
has increased. 

Automatie switehgear may be obtained to perform 
practically any function that can be performed manu- 
ally and to do it more reliably and more quickly. 
Switchboard operators may, therefore, be eliminated. 

To provide a degree of reliability for a-c. signaling 
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comparable with the reliability of systems using batter- 
ies, it is necessary to provide two sources of power supply 
for each section of signal line. These sources of supply 
are usually at opposite ends of the line and the switch- 
gear provides for one of the sources to be feeding at all 
times and for the other to be connected quickly to the 
line upon failure of the normal or preferred source. 
Protective relays are provided which make it impossible 
for both sources to be connected to the line at the same 
time, also low-voltage protection to disconnect the 
signal line from the source of supply in the event of 
loss of voltage on the supply, and over-current relays 
to disconnect the signal line from the supply in the event 
of heavy overloads on the signal line. 

The signal power supply on the Florida East Coast 
Railway between Jacksonville and Miami is an excellent 
example of this type of installation. Over the 366 
route miles between Jacksonville and Miami, eight auto- 
matic substations are located. Between Jacksonville 
and Daytona Beach the voltage is 4400, and between 
Daytona Beach and Miami thesignal line voltage is 2200. 

A large majority of the present automatic train 
control and train stop installations are of the inter- 
mittent inductive type or the continuous inductive 
type. The intermittent inductive type is effective 
only at wayside signal locations. No power is required 
for the wayside elements, or inductors as they are called. 
The continuous inductive type provides continuous 
cab-signal indications. It is effective regardless of 
the location of the train in the block. It makes use 
of a track circuit superimposed on the wayside-signal 
track circuit. 

The code system is the latest development of the 
continuous inductive system. In this system the 
receiving circuits on the locomotives are “tuned” so 
that they will respond only to energy supplied at a 
certain frequency. To eliminate the possibility of in- 
terference from commercial power circuits a nominal 
frequency of 100 cycles has been widely selected as 
the most favorable frequency for the track-circuit 
current. 

Railways using the code system are the Pennsylvania, 
the Long Island, the West Jersey and Seashore, the 
Central of New Jersey, the Reading, the New York, 
New Haven & Hartford, and the Delaware, Lackawanna 
and Western. Some of these present interesting track- 
current conditions. The Long Island has direct current 
for propulsion, 25-cycle current for wayside signals, and 
100-cycle current for automatic train stop. The 
Pennsylvania between Altoona, Pa. and Harrisburg, 
Pa. has 60 cycles for wayside signals and 100 cycles 
for train stop, and on the Pan Handle Division, Pitts- 
burgh, Pa. to Newark, Ohio, 100 cycles for both signals 
and train stop. The D. L. & W. uses direct current for 
wayside signals and 100 cycles for train stop between 
East Buffalo, N. Y. and Elmira, N. Y., and 100 cycles 
for both waystde signals and train stop between Elmira 
and Johnson City, N. Y. 
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Rotating apparatus must be provided to change from 
25-cycle, 60-cycle, or d-c. primary supply to 100- 
cycle output. The machines may consist of d-c. 
motors, synchronous motors, single-phase or polyphase 
induction motors driving synchronous alternators, or of 
induction motors driving induction generators. 

With the exception of very unusual conditions (as on 
the Long Island which will be described later) the choice 
is usually between (a) squirrel-cage induction motors 
driving synchronous generators with direct-connected 
exciters and (b) squirrel-cage motors driving induction 
generators. 

Induction generators cost less than synchronous 
generators. Part of the power output is obtained by 
transformer action between the stator and rotor of the 
generator. With a 60 to 100-cycle conversion, 60 per 
cent of the power output is obtained by transformer 
action and the driving motor need be large enough to 
supply only the remaining 40 per cent plus the friction 
and windage. There are characteristics, however, such 
as low-power factor, changes in secondary voltage in 
direct proportion to changes in primary voltage, and 
inability to adjust the voltage over a wide range by 
means of a rheostat as can be done with a synchronous 
generator, that probably will limit the induction type to 
the smaller ratings and to applications where the high- 
frequency track circuit is used for train control only. 

One of the divisions ordered by the Interstate Com- 
merce Commission to be equipped with automatic train 
control was the Pan Handle Division of the Pennsyl- 
vania Railroad. This division extends from Pittsburgh, 
Pa. west to Newark, Ohio. It consists of 158 route 
miles and 375 track miles over which there are operated 
an average of 233 trains a day. 

For this division the code system of continuous 
inductive train stop with ''forestaller" was adopted. 
Four locomotive cab-signal indications were provided, 
the three fundamental signals, viz., “proceed,” "proceed 
with caution," and "stop," andafourth signal indicating 
that the approach to the next block must be made at 
restricted speed. To “forestall” an automatic brake 
application each change in the cab signal indicating a 
less favorable condition ahead, must be acknowledged 
by the engineman within six seconds. The acknowledg- 
ment is made by momentarily reversing a conveniently 
located switch and then returning it to normal. 

At the same time the automatic train stop was in- 
stalled, manually operated and d-c. semaphore signals 
were replaced with a-c. position-light signals. 

To provide 100-cycle energy for the wayside signals 
and automatic train stop, eight automatic substation 
equipments were installed. The accompanying dia- 
yram, Fig. 1, indicates the relative locations of the 
equipments. 

At Newark, Coshocton, and Dennison 60-cycle energy 
is purchased from the Ohio Power Company and the 
equipments are located in Ohio Power Company sub- 
stations. At Weirton Junction and McDonald, power 
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is purchased from the West Penn Power Company, the 
equipment at McDonald being located in a substation 
of the power company. At Pittsburgh, power is pur- 
chased from the Duquesne Light Company. Sub- 
stations were built along the right-of-way to house the 
equipments at Pittsburgh and Weirton Junction. The. 
railroad company has a large freight locomotive termi- 
nal at Scully and the facilities include a power plant 
with generating apparatus. This provided an excellent 
location for one of the signal-power apparatus units. 


At all of the above mentioned stations the frequency- 
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Fic. 1—ARRANGEMENT OF AUTOMATIC SIGNAL SUBSTATIONS 
Pan HANDLE Division, PENNSYLVANIA RAILROAD SYSTEM 


converting apparatus consists of a 75-hp., 2200-volt, 
three-phase, 60-cycle squirrel-cage induction motor 
direct-connected to a generator rated 60 kv-a. 80 per 
cent power factor, 220 volts, 100 cycles at 1200 rev. per 
min. single-phase with a direct-connected exciter. The 
motors were designed to carry full load with normal 
voltage impressed on their terminals with a slip of not 
more than two per cent of synchronous speed. This 
insures an output frequency of not less than 98 cycles. 


An exception to the rule regarding the purchase of 
current from public utility companies was encountered 
at Cadiz Junction, where satisfactory service was not 
available. Therefore, a gasoline-engine-driven genera- 
tor was installed. The engine develops 100 brake hp. 
at 1000 rev. per min. The generator is rated 50 kv-a., 
80 per cent power factor, 220 volts, single-phase, 100 
cycles, 12 poles. A 15-hp., 100-volt starting motor, 
operating from a storage battery, cranks the engine 
and brings it up to speed before the engine takes the 
load. The motor is located between the engine and 
the generator. The exciter is direct-connected to the 
other end of the generator shaft. 


Several schemes of operation are possible with the 
apparatus provided for the Pan Handle Division. The 
scheme that was decided upon as offering the most 
advantages from both the economic and operating 
viewpoints was for all stations, except Cadiz Junction 
and Pittsburgh, to be in service under normal con- 
ditions. Newark feeds east to Coshocton; Coshocton 
feeds east to Dennison and Dennison feeds east to 
Cadiz Junction. Weirton Junction feeds west to Cadiz 
Junction, McDonald west to Weirton Junction. Scully 
feeds west to McDonald and east to Pittsburgh. At 
all stations the 100-cycle voltage is stepped up to 6600 
volts for transmission, a pole line having been built the 
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length of the division for the special purpose of taking 
care of this single-phase power line. 

If the voltage fails on the line between Newark and 
Coshocton the contactor on the west feeder panel at 
Coshocton instantly closes and restores voltage. In 
like manner a voltage failure between Coshocton and 
Dennison provides the impulse for instantly closing the 
signal-line contactor on the west feeder panel at 
Dennison. The gasoline engine generator set at Cadiz 
Junction is used only for emergency service. It is, 
like the motor-generator sets, fully automatic in opera- 
tion. Starting impulse is received in the event of a 
voltage failure on the signal line between Cadiz Junc- 
tion and Dennison or Cadiz Junction and Weirton 
Junction. It starts and takes the load in less than six 
seconds. A line-voltage failure between Weirton Junc- 
tion and McDonald causes the contactor on the east 
feeder panel at Weirton Junction to close instantly. 
A failure at Scully causes the east feeder contactor at 
McDonald to close and provides the starting impulse 
for the emergency motor-generator set at Pittsburgh. 
A clapper-operated oil switch connects the motor to the 
65 per cent tap of an auto-transformer for starting and a 
solenoid-operated oil switch (the solenoid being ener- 
gized from the exciter) connects the motor to full 
voltage. Starting in this manner it requires, depending 
principally upon bearing temperatures and voltages of 
the primary supply, from five to six seconds to restore 
voltage to the signal line. The motors are started 
through auto-transformers. They were designed, how- 
ever, for full voltage starting under which condition 
the time required to restore voltage on the signal lines 
could be reduced somewhat. 

Transfer of load from any station to an adjacent 
station may be made in less than one second. For 
example, to transfer the load on the Newark Station to 
Coshocton it is necessary only to depress a button on the 
feeder panel at Newark causing the signal-line contactor 
to open. The loss of voltage on the signal line, as 
previously stated, provides the closing impulse for the 
west feeder contactor at Coshocton. 

In the event of signal-power line trouble it is im- 
portant to segregate the defective section as quickly as 
possible. On the Pan Handle Division a pole-mounted 
oil circuit breaker is located approximately midway 
between each pair of adjacent substations. "These 
breakers are set to open instantly on short circuit. If a 
short circuit occurs on the side of the breaker farthest 
away from the station feeding the section, the breaker 
opens instantly and sectionalizes the line. If the 
trouble occurs between the breaker and the station 
feeding the line, the line contactor on the feeder panel 
opens after an appreciable time depending upon the 
setting of the controlling relay. The loss of voltage 
provides the closing impulse for the corresponding 
feeder contactor in the adjacent station. The instant 
this contactor closes the oil circuit breaker opens and 
sectionalizes the line. At the west end of the division, 
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where the traffic is relatively light as compared with the 
east end, there is a possibility of 18 mi., or half the 
distance between Newark and Coshocton, being out of 
service due to line trouble. Eastward the distances are 
shortened until, between Scully and Pittsburgh, there 
is a possibility of 2.5 mi. being automatically segregated 
because of line trouble. 

Manually operated, two-way disconnecting switches 
are located one at each signal location for further 
sectionalizing the line. The signals average approxi- 
mately one per mile east of Dennison and one for every 
five to ten thousand feet west of Dennison. 

Additional flexibility is obtained by the use of a two- 
pole, manually remote-controlled, gang-operated pole- 
top disconnecting switch at each substation which 
provides means for tying together any two adjacent 
sections of the power line. 

With generating apparatus, such as is used on the 
Pennsylvania, supplying current for both signals and 
train control, automatic voltage regulators are used. 
Overvoltage does not make for a dangerous. condition 
in so far as the train control is concerned but it does 
provide a dangerous condition in connection with the 
operation of the wayside signals. This is because over- 
voltage may provide so much current in the track circuit 
that sufficient current will not be shunted by trains to 
deenergize the track relays. If automatic voltage 
regulators are not properly maintained the contacts 
may, in time, stick, which will result in excessive volt- 
age. Provision should be made for either automatically 
removing the generator from service or automatically 
inserting a fixed resistor in the exciter field sufficient to 
reduce the voltage to a safe operating value. 


Provision is made for opening the signal-line contac- 
tors on short circuit. If the station is an end station, 
such as Newark or Pittsburgh, and, therefore, has only 
one line contactor, the motor-generator set will shut 
down and will be automatically locked out of service if 
the contactor opens due to short circuit. If the station 
has two feeders, both line contactors must be opened 
before the. machine will be automatically locked out of 
service. 

Another modern installation of automatic signals is 
located on a branch of the Long Island Railroad. 
This installation is interesting on account of one unusual 
feature as already mentioned. The unusual feature 
consists of a d-c. driving motor in the motor-generator 
set instead of the more usual a-c. motor. It was not 
possible here to use an a-c. motor because the frequency 
of the main a-c. supply varies so much that the signal 
frequency would vary beyond the permissible limits of 
96 and 100 cycles. 

In this installation the Long Island Railroad has 
automatic train stop between Jamaica and Babylon, 
a distance of 27.6 mi. An alternator for providing 100 
cycles is located in each of the substations which house 
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the electric-traction synchronous converters at Babylon, 
Lynbrook, and Jamaica. Lynbrook is 8.3 mi. east of 
Jamaica and 19.3 mi. west of Babylon. The motor- 
generator sets at Babylon and Lynbrook are four-unit 
machines. The driving motor is rated 20hp., 650 volts, 
direct current. It is direct-connected to the 100-cycle 
alternator, an exciter, and a pilot generator. The 
alternator is rated 15 kv-a., 220 volts, single-phase, 100 
cycles at 1500 rev. per min. The exciter is rated 1 kw., 
125 volts. The pilot generator is rated 0.5 kw., 250 
volts direct current. 

The receiving circuits of the steam locomotives and 
multiple-unit cars are tuned for best results at 98 cycles. 
The efficiency of reception decreases as the frequency 
changes in either direction from normal, the permiss ble 
limits of frequency being 96 and 100 cycles. The 
motors are operated from the 650-volt d-c. busses which 
also supply energy for the multiple-unit cars. As the 
bus voltage may vary between 450 and 700 a speed 
regulator had to be provided. The pilot generator 
operating in conjunction with a simple and sturdy 
vibrating regulator accomplishes the desired results. 

Under normal operating conditions the alternator at 
Lynbrook feeds east to Babylon and west to Jamaica. 
The 100-cycle voltage is stepped up to 2200 volts for 
transmission. The alternators at Babylon and Jamaica 
are for emergency service only. The switching in all 
stations is performed manually. As attendants are 
present to supervise the electric-traction synchronous 
converters and as all stations receive their primary . 
25-cycle energy from the same source, little benefit 
would be obtained from automatic switchgear. 


CONCLUSION 


Automatic block signals are established firmly as 
necessities on those railways where they are installed 
and where operations are planned so as to take advan- 
tage of the safety and dispatch which the signals pro- 
vide. Relatively simple, automatic substations used in 
conjunction with the a-c. systems, when the frequency 
of the signal energy is the same as the frequency of the 
primary supply, will be employed in increasing numbers 
as signaling systems are extended. 

The future of the frequency-coriverting substation 
is not as certain. The 100-cycle current is primarily 
for train-control operation. All of the installations 
ordered by the Interstate Commerce Commission have 
been completed. Whether additional orders will be 
issued and whether the carriers on their own initiative, 
will make additional installations are open questions. 
In any event, the frequency-changing motor-generator 
sets in ratings of 1.5 kv-a. to 60 kv-a. and the accom- 
panying switchgear, that have been installed in the 
past three years, are interesting additions to the steadily 
increasing electrical facilities of our railway transporta- 
tion systems. 


Parallel Resonance and Anti-Resonance 


BY W. J. SEELEY* 


Associate, A. I. E. E. 


HERE seems to be a certain amount of uncertainty 
among authors as to just what is a correct defini- 
tion of resonance in a parallel circuit such as shown 

of Fig. 1l. The most common definition is that reso- 
nance is that condition which makes the total reactance, 
or susceptance, equal to zero. "This is the condition 
for unity power factor. In some definitions the 
further condition is added that at resonance the total 
impedance of the circuit isa maximum. The A. I. E. E. 
Standardization Rules,! for instance, say that resonance 


is the condition of maximum impedance obtained by 
varying L or C, and nothing is said about zero reactance 
or unity power factor. "These differences in definitions 
have led to this investigation. 

The term Parallel Resonance will be used in this paper 
to define that condition existing among the elements of 
a parallel circuit, (Fig. 1), which makes the resulting 


and is used by telephone engineers to indicate the con- 
dition of maximum impedance. The purpose of this 
paper is to investigate what relations, if any, exist 
between these two conditions. For a series circuit 
they are identical, but for a parallel circuit they are 
identical only under certain conditions. 
The absolute magnitude? of the impedance of the 
circuit of Fig. 1 is given by equation (1), 
R? + w L 
Z- Nia + (a LOW 1» 
The reactance is given by equation 2, 
o [L — C (w D? + R?)! 
R?ow*C* + (w? LC — 1)? 
which reduces to equation (3) when set equal to zero, 
wEC-L+RC=0 (3) 
In accordance with the definition adopted above, 
equation (3) must be satisfied if the circuit is to be in 
parallel resonance. The usual method of adjusting 
the circuit for parallel resonance is to vary either c, C, 
or L, holding everything else constant, until equation (3) 


is satisfied. Equations (4), (5), and (6) give the valuesof 
w, C, and L, respectively, which must obtain to give 


(1) 


X =-— (2) 


Anti-Resonance 


TABLE I 
Adjus- Parallel resonance 
ted SS HM —MÀMÀ 
ele- Value of Exact value of 


Approx. value 


ment |adjusted element Resulting Z adjusted element Maximum Z (exact) of adj. element |Maximum Z (approx! 
| 
| 142 gp £ : 
E L R | L/C 1 Rt L 
» LC LH RC LC L? LC RP RC 
| (omes -(2 +0 5) 
(4) (7) (10) (13) (16) (19) 
| EE E 
eae | VRLC+L ey, S eek 
LC RC LC |RC-e 
(4a) (7a) (16a) (19a) 
27,2 2 23,2 2 
C L w Le +R L w Le + R 1 ol Sn +R 
w? L? + R R w? L? + R? R w? L R 
(5) (8) (11) (14) (12) (20) 
p [LA vI 4 RC d via Rot | dg y14 Ro! CO D v1+4 Rew C? 1 b. CoU 
2w? C w Cu- 31-4 Rw? c 2w? C w? C [ V1 +4 R? w? C1 —1] w? C R w? C? 
(6) (9) (12) (13) (18) (21) 
reactance, or susceptance, equal to zero. And Anti- the resonant condition. These values are obtained by 


Resonance will be used to define that condition which 
makes the impedance a maximum. The term anti- 
resonance has been borowed from telephone parlance? 


*Asso. Prof. of Elec. Engg., Duke University, Durham, N. C 
1. See end of article for all references. 


solving equation (3). Equation (4a) gives the com- 
monly used value of w for parallel resonance. If the 
value of w as given in equation (4) is substituted in 
equation (1), the result will be the total impedance of 
the circuit when resonance is obtained by varying 
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TABLE II 
w = 10 x 106 
w Ww w Z Z Z 
(5) exact ° approx. approx. Z exact approx. approx. 
P. R. A-R A-R A-R P. R. A-R A-R A-R 
R (4) (10) (16) (16a) (7) (13) (19) (19a) 
0 10 x 10* 10 x 10* 10 x 108 10 x 108 œ co oo œ 
5 10 10 10 10 0.2 x 105 0.2 x 10° 0.2 x 106 0.202 x 10* 
10 10 10 10 10 0.1 0.1 0.1 0.1005 
20 10 10 10 10 0.05 0.05 0.05 0.051 
40 10 10 10 10 0.025 0.025 0.025 f 0.0269 
60 10 10 10 10 0.0167 0.0167 0.0167 0.0194 
80 9.96 10 9.96 10 0.0125 0.0125 0.0125 0.0160 
00 9.94 0.0100 0.0100 0.0100 0.0140 
Z Z 
] Z exact Approx 
P. R. A-R A-R P. R. A-R A-R 
R (3) (11) (17) (8) (14) (20) 
0 100 x 10-? 100 x 10-!2 100 x 10-!? oo œ œ 
5 20 x 104 20 x 104 20 x 104 
10 10 10 10 
20 5 5 5 
40 2.5 2.5 2.5 
60 1.67 1.67 1.67 
80 1.25 1.25 1.25 
100 1.00 1.00 1.00 
L L Z Z 
L exact approx. Z exact approx 
P. R A-R A-R P. R A-R A-R 
R (6) (12) (18) (9) (13) (21) 
0 1 x 10-4 1 x 10-4 1 x 10-4 oo oo co 
5 1 1 200 x 10? 200 x 10° 200005 
10 1 1 100 100 100000 
20 1 1 50 50 50000 
40 0.998 1.0016 22.3 25 25000 
60 0.996 1.0036 15.77 16.7 16680 
80 0.993 1.0064 l 11.91 12.5 12560 
100 0.9895 1.01 9.69 10.05 10500 
TABLE III 
w =5 xX 10° 
Ww w w Z Z Z 
Q exact approx approx Z exact approx approx 
P. R A-R A-R A-R P. R A-R A-R A-R 
R (4) (10) (16) (16a) (7) (13) (19) (19a) 
0 5000 5000 5000 5000 œ co œ œ 
5 4995 5000 4995 2000 2000 2000 2005 
10 4975 5000 4975 1000 1000 1000 1010 
20 4900 5000 4900 500 500 500 510 
40 4580 4970 4580 250 269 250 269 
60 4000 4880 4000 167 196 167 194 
80 30 4660 30 125 162 125 160 
100 0 4270 0 100 147 100 142 
C C Z Z 
C exact approx. Z exact Approx 
P. R A-R A-R P. R A-R A-R 
R (3) (11) (17) (8) (14) (20) 
0 2 X 10-8 2 x 10-6 2 x 10-8 co œ œ 
5 1.995 1.995 2005 2005 2002 
10 1.98 1.98 1010 1010 1005 
20 1.92 1.92 520 520 510 
40 1.73 1.73 290 290 269 
60 1.47 1.47 227 227 195 
80 1.22 1.22 205 205 160 
100 1.00 1.00 200 200 141 
L L Z Z 
L exact approx. Z exact approx. 
P. R. A-R A-R P. R. A-R A-R 
R (6) (12) (18) (9) (18) (21) 
0 0.02 0.02 0.02 œ œ 
5 0.01995 0.02005 1997 2005 2002.5 
10 0.01980 0.0202 995 1005 1005 
20 0.01917 0.0208 480 476 510 
40 0.016 0.0228 200 285 270 
50 0.01 0.0241 100 241 223 
60 0.0256 214 187 
80 0.0289 180 160 
100 0.0324 111 141 
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the frequency (w). This is given by equation (7). 
Likewise, equations (8) and (9) give the resulting im- 
pedance when resonance is obtained by varying C and 
L respectively. Equation (7a) gives the value of the 
impedance corresponding to equation (4a). In other 
words, equations (7) to (9) give the values of the total 
impedance of the circuit when it is adjusted to parallel 
resonance by varying w, C, or L. 

Anti-resonance is obtained by solving equation (1) 
for a maximum, by the ordinary method of differential 
calculus, using w,C,and L as variables. Equations 
(10), (11), and (12) give the values of o, C, and L, 
respectively, which will give maximum impedance, and 
equations (13), (14), and (25) give the values of these 
maximum impedances. Equations (16), (16a), (17), 
and (18) give the approximate or commonly used values 
of w, C, and L for anti-resonance, and equations (19), 
(19a), (20), and (21) give the resulting maximum 
impedances. 

For easy comparison, all the algebraic expressions 
for the two conditions of resonanceare collected together 
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in Table 1 and the following facts are to be noted: 

1. For o as variable, the expression for parallel 
resonance is identical with the approximate expression 
for anti-resonance. 

2. For C as variable, the expression for parallel 
resonance is identical with the exact expressions for anti- 
resonance. 

3. For L as variable, there is no correspondence 
whatever. 

4. If R were zero, there would be exact correspon- 
dence in all cases and the two conditions would be 
identical; w, C, and L would have the values given by 
equations (16a), (17), and (18); and in all cases the 
impedances would be infinity. 

However, R is never zero, and the conclusion is that 
algebraically, at least, the two conditions are not 
identical, and it is incorrect to define resonance in a 
parallel circuit as the condition for both zero reactance 
and maximum impedance. 

A few authors do indicate that they are not the same. 
Magnusson,‘ for instance, calls attention to the two 


TABLE IV 
w = 377 
L 
C 7” 1421 
w [^ w Z Z 
Q exact approx. approx. Z approx. approx 
P. R. A-R A-R A-R P. R. A-R A-R 
R (4) (10) (16) (16a) (7) (19) (19a) 
0 377 377 377 377 co co eo 
5 373 377 373 284 284 286.7 
10 363 376 363 142 142 147.2 
20 319.5 371 319.5 71 71 80.4 
40 0 310.7 0 35.5 35.5 51.8 
60 0 23.7 23.7 44.6 
80 | ^ | 17.8 18.8 41.7 
100 ið 14.2 14.2 40.3 
N iD t- 
~ ao m~ 
be] [e] m 
Pa SET 
X & X 
C C Z Z 
C exact approx. Z exact Approx 
P. R. A-R A-R P. R. A-R A-R 
R (3) (11) (17) (8) (14) (20) 
0 70.4 x 10-8 70.4 x 10-8 70.4 x 10-8 ao oo co 
5 69.2 69.2 289.6 289.6 266 
10 65.8 65.8 152.1 152.1 147 
20 54.9 54.9 91.1 91.1 80.5 
40 33.1 33.1 75.5 75.5 51.7 
60 19.9 19.9 83.6 83.6 44.5 
80 12.8 12.8 97.7 97.7 41.6 
100 8.8 8.8 114.2 114.2 40.5 
L L Z Z 
L exact approx Z exact 
P. R. A-R A-R P. R. A-R 
R (6) (12) (18) (9) (18) 
0 0.1 0.1 0.1 œ oo 
5 0.098 0.101 278.4 287.3 
10 0.092 0.106 131.5 153.4 
20 0.05 0.123 37.7 87.2 
40 0.167 59.4 
60 0.217 51.3 
80 “2 0.268 49.9 
100 0 0.320 S 45.4 
Lax] 
DI E 
x e 
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TABLE V 
w = 377 
L 
a= 128 
Q r^) Z Z Z 
w exact approx approx. Z exact approx approx 
P. R. A-R A-R A-R P. R. A-R A-R A-R 
R (4) (10) (16) (16a) (7) (13) (19) (19a) 
0 377 377 377 377 oo co eo oo 
5 338 374 338 25.6 27.86 25.6 27.90 
10 176 341 176 12.8 17.46 12.8 17.05 
20 0 0 0 6.4 17.066 6.4 12.98 
40 3.2 21.37 3.2 11.75 
60 2.1 œ 2.1 11.51 
80 1.6 1.6 11.41 
100 - E 1.3 1.3 11.39 
eo 0 eo 
-Á 5 z 
[| , [ 
ei fq ei 
C C Z Z 
C exact approx. Z exact Approx. 
P. R A-R A-R P. R. A-R A-R 
R (3) (11) (17) (8) (14) (20) 
0 234.6 x 10-6 234.6 x 10-* 234.6 x 10-5 co oo co 
5 196.2 196.2 30.59 30.59 28 
10 131.6 131.6 22.79 22.79 17 
20 56.85 56.85 26.40 26.40 12.8 
40 17.37 17.37 43.20 43.20 11.8 
60 8.05 8.05 62.13 62.13 11.5 
80 4.00 4.00 81.60 81.60 11.4 
100 2.96 2.96 101.28 101.28 11.4 
L L Z Z 
L exact approx. Z exact approx 
P. R. A-R A-R P. R. A-R A-R 
R (6) (12) (18) (9) (18) (21) 
0 0.030 0.030 0.030 œ oo co 
5 0.022 0.035 18.72 29.95 28.0 
10 0.015 0.046 11.32 19.22 17.1 
20 0.070 ^ 14.97 13.18 
40 0.122 D 13.02 11.76 
60 0.175 M 12.42 11.52 
80 0.228 ' 12.14 11.45 
100 uw 0.280 x 11.97 11.38 
i 
| me | Y 


expressions for frequency and calls one “unity power- 
factor frequency," and the other “maximum current 
resonance frequency."  Morecroft* also distinguishes 
between the two frequencies. 


Each of the equations in Table 1 was tested numeri- 
cally to see whether there might be numerical identity. 
Calculations were made for three values of w, 10 by 106, 
5 by 10°, and 377, and for values of R ranging from zero 
to 100 ohms. Two calculations were made for w = 377, 
one for L/C = 1421, and the other for L/C = 128. 
In the first case, L = 0.1 henry, C = 70.359 by 10-° 
farad; and in the second, L = 30 by 10-3 henry, and 
C = 234.5 by 10- farad. The results are given in 
Tables 2, 8, 4, and 5. 

As a result of this investigation, the following con- 
clusions may be made: 

1. At radio frequencies, for resistances below 100 
ohms, parallel resonance and anti-resonance are iden- 
tical when w or C are the variables, and practically 
identical when L is the variable. 

2. At radio frequencies for resistances below 100 


ohms, the commonly used expressions for w, C, L, and 
Z will yield very nearly correct results. 


3. At all frequencies, parallel resonance and anti- 
resonance are identical when C is the variable. 


4. At low frequencies, parallel resonance and anti- 
resonance are not identical, except as noted in con- 
clusion 8. The larger the ratio of L to C, the nearer 
they approach identity. 


5. Atradio frequencies, the values of the impedances 


are nearly alike for w, L, or C as variables, but at lower 
frequencies they are quite different. 
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Electrical Communication 
ANNUAL REPORT OF COMMITTEE ON COMMUNICATION* 


To the Board of Directors: 

The Committee on Communication submits the 
following report as a summary of the progress which 
has been made in the electrical communication art dur- 
ing the past year. 


PRINTING TELEGRAPHS 


There has been continued growth in the use of 
printing telegraph instruments. In addition to the 
applications for police service mentioned under another 
heading, it may be noted that more than 800 circuits 
connecting main and branch officers of the telegraph 
companies are now equipped with printers. 

The tendency to reduce manual operations as much 
as practicable has been quite pronounced in ocean cable 
telegraphy during recent years. Recent developments 
in this direction were described in a paper entitled 
Printing Telegraphs on Ocean Cables which was pre- 
sented by H. Angel at the 1927 Summer Convention of 
the Institute. 

The automatic tape transmission system for tele- 
graph tickers which was mentioned in the 1926 and 1927 
reports has been further extended during the past 
year, so that full market quotations are now available 
to practically all sections of the United States. 


TELEGRAPH REPEATERS 


Many of the repeaters now used on long telegraph 
circuits, both in land line and ocean cable service, are 
of the regenerative class. A description of one type of 
regenerative repeater and an outline of operating 
experience with it was given in A. F. Connery’s paper 
on A WNon-Rotary Regenerative Telegraph Repeater 
presented at the 1927 Summer Convention. 

Rather important advanees have been made in the 
simplification of circuit and equipment arrangements for 
telegraph repeaters installed in central telegraph offices. 

TELEGRAPH TRANSMISSION THEORY 

‘A paper entitled, Certain Topics in Telegraph Trans- 
mission Theory was presented by H. Nyquist at the 1928 
Winter Convention of the Institute. In addition to pre- 
senting a quantitative statement of certain fundamental 
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telegraph requirements, this paper presented for the 
first time an analysis of the fundamental problems 
involved in single sideband carrier telegraph trans- 
mission which may offer important economies in fre- 
quency range under some conditions. 


CORD CARRIERS FOR TELEGRAMS 


For some years past, most large telegraph offices 
have been equipped with mechanical conveyers, 
usually of the moving-belt class, for the transfer of 
telegrams from one part of the operating room to 
another. A multiple cord carrier system has recently 
been developed which is proving very satisfactory for 
such conveying service. 


DIAL TELEPHONY 


The rapid application of dial telephone systems has 
continued. During the year, about 500,000 dial tele- 
phone stations were installed, bringing the total in 
service in this country, as of the first of January 1928, 
to approximately 2,900,000 stations, or about 16 per 
cent of the total telephones in service. 

A paper entitled, Some Recent Developments in Dial 
Systems, by W. E. Farnham and H. M. Bascom, was 
presented at the evening session of the Student Con- 
vention and New YorkSection Meeting, April 19, 1928. 

The dial system of operation has been extended to 
service from one suburban point to another suburb of 
the same city. This matter was discussed in a paper 
entitled, Tandem System of Handling Toll Calls in and 
About Los Angeles, by E. Jacobson and F. D. Wheelock, 
which was presented at the 1927 Pacific Coast 
Convention of the Institute. 


ToLL TELEPHONE SERVICE 


During the year, telephone toll service was established 
between the United States and a number of important 
cities in Mexico, including Mexico City, Tampico, 
Monterey, Saltillo, San Luis Potosi, Puebla, and others. 
The service was inaugurated by an exchange of greetings 
between President Coolidge and President Calles at the 
capital cities of the two republics over a circuit 3360 
mi. long. The service from Mexican points was 
further extended to points in Canada by the end of 1927. 


TELEPHONE TOLL CABLES 


The extension of the network of toll telephone cables 
throughout the country continued at an increased rate 
during the year 1927, about 2000 mi. of cable being 
installed. 

At the present time, 7,500,000 telephones of the Bell 
System have direct access to the toll cable network in 
the northern and eastern parts to the country which 
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provides within that area toll service which is relatively 
immune from the effects of storms. 


PLANNING EXTENSIONS TO TELEPHONE PLANT 


The problems involved in the planning of telephone 
plant and descriptions of the telephone plant in various 
regions were discussed in a number of papers presented 
at Institute meetings. Theprincipal 1927 papers were as 
follows: Advance Planning of the Telephone Toll Plant, 
by J. N. Chamberlain, presented at the Pacific Coast 
Convention; Telephone Toll Plant in the Chicago Region, 
by Burke Smith and G. B. West, presented at the 
Chicago Regional Meeting; and Planning Telephone 
Exchange Plants, by W. B. Stephenson, presented at 
the St. Louis Regional Meeting, 1928. 


COMMUNICATION APPARATUS AND MATERIALS 


The application of permalloy to communication 
problems continued during the year. Interesting 
information regarding this material was given in a 
paper entitled, Manufacture and Magnetic Properties 
of Compressed Powdered Permalloy, by W. J. Shackleton 
and I. G. Barber, which was presented at the Winter 
Convention, 1928. 

A paper entitled, Recent Developments in the Process of 
Manufacturing Lead-Covered Telephone Cable, by C. D. 
Hart, was presented at the Chicago Regional Meeting. 


ELECTRICAL TRANSMISSION OF PICTURES 


While no new stations have been added to the tele- 
photography network of the Bell System (Boston, New 
York, Atlanta, Cleveland, St. Louis, San Francisco, and 
Los Angeles), interest in the service is increasing greatly 
and it is becoming much more important to the press. 


TELEVISION 


At a joint Annual and New York Section Meeting in 
New York witha talk on television was given by Dr. H. E. 
Ives, followed by a demonstration at the Bell Telephone 
Laboratories. Also a symposium on television at the 
Detroit Summer Convention was led by Dr. Ives followed 
by demonstrations. The symposium included notable 
papers entitled: The Production and Utilization of 
Television Signals, by F. Gray, J. W. Horton, and R. C. 
Mathes; Synchronization of Television, by H. M. Stoller 
and E. R. Morton; Wire Transmission of Television, 
by D. K. Gannett and E. I. Green, and Radio Trans- 
mission of Television, by E. L. Nelson. 


CARRIER-CURRENT AND SUPERIMPOSED SYSTEMS 


During the year there was a marked increase in 
the use of carrier-current systems in commercial tele- 
phone and telegraph plant, including a new system of 
a simplified nature which provides a single channel and 
is applicable economically to distances as short as 75 
mi. The total length of carrier telephone circuits added 
during the year was approximately 65,000 channel mi. 

In the application of carrier telegraph arrangements 
over 125,000 two-way channel miles were added to the 
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Bell System during the year. This includes channels 
obtained from open-wire facilities by carrier frequencies 
above the voice range as well as voice-frequency carrier 
telegraph channels obtained from circuits in long toll 
cables. The increase is approximately evenly divided 
between the two types. 

The application of carrier-current telephony to 
communication over power lines has increased steadily 
until at the present time there are in this country 
alone, 298 fixed stations in operation. Recent im- 
provements in these systems have been along the lines 
of interconnecting them with private telephone systems. 
Portable and semi-portable carrier communication 
apparatus is being successfully used in conjunction 
with fixed stations. 

Utilization of carrier current for other than com- 
munication purposes is rapidly increasing. The appli- 
cations are for control of street lights, pilot protection 
of transmission circuits, supervisory control of sub- 
stations and similar equipment, telemetering, etc. 

Some recent developments in carrier current and 
other superimposed systems were described in the 
following papers presented at Institute meetings during 
the year, 1927: 

The Use of High Frequency Currents for Control, by 
C. A. Boddie, Summer Convention. 

A Carrier-Current Pilot System of Transmission Line 
Protection, by A. S. Fitzgerald, Pacific Coast Conven- 
tion. 

Coupling Capacitors for Carrier-Current Applications, 
by T. A. E. Belt, Pacific Coast Convention. 


SUPERVISORY CONTROL APPARATUS 


In the power field, elaborate supervisory and control 
arrangements are now available by which an operator 
can control switches or other apparatus at distant 
points, and by means of currents transmitted back 
from the distant point determine the conditions which 
exist there. The Westinghouse Company reports 
that development work is being started on a form of 
such supervisory control apparatus, which is of interest 
in the communication field as it is intended to operate 
at frequencies in the voice range which can be trans- 
mitted over telephone circuits. The work has not 
yet reached the point where the possibilities and limi- 
tations of the system can be determined. Demonstra- 
tions of a preliminary model of the apparatus under 
the name ''Televox" have, however, created con- 
siderable popular interest from the fact that the opera- 
tion of such an arrangement over telephone circuits 
can be thought of as simulating conversation between 
persons. 


TRANSATLANTIC RADIO TELEPHONY 


The opening of transatlantic telephone service 
between the United States and England was covered in 
last year’s report. The service was improved by the 
completion of a radio receiving station at Cupar, 
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Scotland, which is located as far north as conveniently 
possible for the purpose of reducing interference caused 
by atmospheric disturbances. 

The time during which service normally is available 
has now been extended to 14 V5 hr., the period of service 
extending from 5.30 a. m. to 8.00 p. m., eastern standard 
time. The service was extended to Cuba and to five 
cities in Canada as well as to various cities of Con- 
tinental Europe. 

The outstanding event which took place during the 
period covered by this report was the holding of a 
joint meeting of two organizations on opposite sides of 
the Atlantic for the first time in history. This was a 
joint meeting of the Institute during the Winter Con- 
vention in New York with the British Institution of 
Electrical Engineers in London. 

Preliminary to the joint session, a paper entitled, 
Transatlantic Telephony—The Technical Problem, was, 
presented by O. B. Blackwell, and a paper entitled, 
Transatlantic Telephony—The Operating Problem, was 
presented by K. W. Waterson. 

The joint session was preceded by the opening of 
communication from New York by Mr. Charlesworth 
who spoke to Colonel Lee in London. The telephone 
was then turned over to President Gherardi and to 
President Page of the British Institution of Electrical 
Engineers. After an exchange of greetings, brief 
addresses were given by Dr. F. B. Jewett and General 
John J. Carty from this side of the water and by Colonel 
Purves and Sir Oliver Lodge from London. 


At various times during the year the transatlantic 
telephone service was discussed at a number of sectional 
meetings. 


INTERNATIONAL RADIO CONFERENCE 


The international Radio-Telegraph Conference held 
in Washington in 1927 achieved several very important 
agreements affecting International radio communica- 
tion. The delegates were faced with the responsibility 
of expanding an agreement made several years ago, 
mainly with a view to facilitating the use of radio in 
marine communication service. Since that agreement 
had been written, the use to radio had expanded to 
telephone as well as telegraph service and the field had 
widened to embrace in addition to the marine communi- 
cation service, aids to navigation such as compass and 
beacon, aircraft and other new mobile services, point- 
to-point services, amateur and experimental work, and 
broadcasting. The new agreement had to apply to 
this much wider field of use without hampering the 
progress and development of the art. The most im- 
portant achievements were the following: 

The agreement on the assignment of frequency bands 
for services in the whole radio spectrum. 

The recognition of the fact that every type or method 
of transmission of necessity oe a definite fre- 
quency band or channel. 
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The agreement that interference to other services is 
the controlling limitation put upon the method of using 
a frequency channel. . 

The recognition of the amateur status in the inter- 
national communication field. 

The progressive suppression of the use of damped 
waves. No new installations using damped waves may 
be set up for land and fixed stations and the use of such 
waves at existing stations is forbidden after January 
1, 1935. On ship and aircraft stations, new damped 
wave installations may be made only if such apparatus 
uses less than 300 watts on full power, and the operation 
of these damped wave installations is forbidden after 
January 1, 1940. Thus in 12 years the history of 
damped waves will close. 

The agreement upon the use of an automatic alarm 
signal in the marine service. 


The setting up of an International Technical Con- 
sulting Committee. 


RADIO BROADCASTING 


Comparisons of results obtained by operating a 
broadcasting station with power outputs up to 100 kw. 
have established, fairly definitely, the essentials of this 
‘mportant subject. 

Short-wave broadcasting and re-broadcasting in 
the U. S. and foreign countries has developed gradually 
with considerable recent improvements. These are 
mainly due to the utilization of sufficient power to 
provide dependable service and to improvements in the 
reception of short waves which have been almost 


exclusively used for this purpose. 


Recent demonstrations of transmissions and recep- 
tions of both still pictures (facsimile)and moving objects 
(television), utilizing broadcasting transmitters, have 
indicated the probable future extensive application 
of these features to the present broadcasting service. 


OTHER RADIO COMMUNICATION 


During 1927 short wavelengths were first utilized 
to provide a commerical service designed to maintain 
contact between the home office and ships making 
around-the-world tours. Such a service was applied 
also to ships plying between the United States and the 
far East where the distances are very great. 


The percentage of long distance communication 
handled by short waves increased further during 1927. 
In the United States there were installed on several 
long distance radio circuits, the Radio Corporation of 
America's projector system. This system has been in 
use a sufficiently long period to demonstrate that it is a 
large factor in making it possible to obtain an economi- 
eal long distance radio communication service. This 
projector system includes not only directive trans- 
mission but also directive reception. The directive 
reception differs from the transmission in that several 
receiving antennas directive in themselves, are spaced 
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in such a manner as to eliminate the momentary fading 
which previously had so limited the use of short waves. 
With this method of receiving short waves it is possible 
to obtain a record so free from multilation as to be 
practically perfect. Thus, in a way not anticipated 
some years ago, there has been accomplished the elimi- 
nation of the effect of static. 


The development and application of radio trans- 
missions to aid in guiding aircraft has made rapid 
progress during the year. 

Railroad train radio telephone equipment has been 
developed for front-to-rear communication on long 
freight trains. The apparatus provides telephonic 
communication and call signals between the locomotive 
and the caboose under all conditions whether the train 
is standing or in motion, and even when the train is 
broken if the separation does not exceed four or five 
miles. A four months test of the equipment was 
recently successfully completed on the James River 
Division of the Chesapeake and Ohio Railroad. 


For cases in which the expense of the above mentioned 
telephone system cannot be justified, a signal system of 
lower power has been developed for service between 
front and rear of long freight trains. It provides only 
for call signals and telephonic communication is not 
possible. 

Radio telephone equipment for railroad hump-yard 
service has been developed to facilitate the classification 
of freight cars at congested terminal points. The 
apparatus is similar to the train radio-telephone 
equipment, except that it is of lower power. The ap- 
paratus provides one-way telephonic communication 
between the yard-master’s office and any locomotive 
in the yards. 


SOUND REPRODUCTION 


Improvements were made in the design of loud- 
speakers as regards efficiency, power and uniformity 
over the speech frequency range. Some of the ad- 
vances in design by which these improvements have 
been obtained were discussed in a paper entitled, 
Loud Speakers of High Efficiency and Load Capacity, by 
C. R. Hanna, presented at the Winter Convention, 
and in a paper entitled, “A High Efficiency Receiver for 
a Horn-Type Loudspeaker of Large Power Capacity," 
by E. C. Wente and A. L. Thuras, which was published 
in the Bell System Technical Journal for January 1928. 

A paper entitled, Electrical Reproduction from Phono- 
graph Records, by E. W. Kellogg, presented at the 
Detroit Summer Convention, discussed some interesting 
mechanical and electrical problems encountered in the 
development of improved reproducing devices. 


FIRE AND POLICE SIGNAL SYSTEMS 
Further refinements of apparatus have been intro- 
duced in fire alarm systems during the past year. Im- 
proved automatic repeaters have recently come into 
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use, the operation of which closely accords with the 
rules of the National Fire Protection Association re- 
quiring complete non-interference between coincidental 
signals, so that succession devices in street boxes will 
function, whether the boxes are on the same or on 
different circuits of the system. 

In a new type of puncturing register, the paper 
punchings are folded under instead of being detached, 
thus eliminating much objectional paper dust; the 
instrument requires less power for its operation and 
runs at a higher speed than earlier registers. 


Another improvement is the use of radio for com- 
municating from fire alarm headquarters to moving 
apparatus, such as fire chiefs automobiles or fire boats. 
Boston has had such a broadcasting station for the past 
two years. It operates on a short wave, and has been 
found highly effective in sending orders. to fire boats 
when absent from their regular berths. New York 
has recently experimented with a similar system. - 


In police signaling, an important development is 
the increasing use of telautographs and telegraph 
printers for interstation communication. These sys- 
tems have been found useful in quickly and accurately 
spreading the news of hold-ups, automobile thefts, 
and other crimes. They have been found especially 
valuable where used in connection with the flashlight 
system of calling the patrolmen to the street signal 
boxes. A rather extensive installation of printing 
telegraph instruments made during the past year for 
the New York Police Department illustrates the 
expansion of service of this character. This system 
is so arranged that an operator at headquarters may 
send signals from a keyboard to any one precinct, to 
any group, or simultaneously to all precincts, the 
messages being printed automatically in page form at 
receiving machines placed close to the desks of officers 
in charge of precincts. Facilities are provided so 
that the receipt of the message may be acknowledged 
by each station. Another interesting system of this 
kind is in Connecticut, where police headquarters in 
twelve important cities are interconnected by telegraph 
printer circuits. It is expected that by the end of 1928 
the system will be so extended that practically all of 
the cities in the state will be covered. 


Several conflicting tendencies are noted in traffic 
signaling, particularly with respect to the colored 
lights or equivalent devices employed. While the 
green-amber-red cycle of signals has been adopted by 
many cities, others have favored either more or less 
complex arrangements. Centralized control of the 
street signals is being extended and while difficulties 
are experienced in so synchronizing operations as to 
minimize hazards and delays, it seems likely that this 
problem will ultimately be solved. 


H. W. DRAKE, | 
Chairman. 


Radio Acoustic Position Finding in Hydrography 


BY JERRY H. SERVICE* 


Associate, A. I. E. E. 


Synopeie.—In hydroelectric surveys it is difficult to fix the 
positions of the soundings when the survey ship is beyond the 
range of visibility of shore objects; the radio-acoustic method 
18 designed to help in meeting this difficulty. Temporary shore 
stations are set up, each equipped with a microphone placed in 
the water in a known position and connected with an amplsfier 
ashore through a cable; the amplifier is tn turn connected through 
a relay to an automatic key driven by clockwork, which causes a 
radio transmitter to send out a characteristic signal whenever the 
microphone is disturbed. 

When the position of the ship is wanted, a small bomb is fired 
in the water alongside the ship; the instant of the explosion is 


INTRODUCTION 


N hydrographic surveys, the fundamental objective 
is the production of accurate nautical charts for the 
guidance of mariners. Soundings in great number 

and well distributed over the area surveyed must be 
taken. These soundings must be accurate as to depth, 
but it is just as important that the positions of the 
soundings should be accurately known. That is to 
say, a survey ship while taking soundings must know 
her position accurately at all times. 


So long as the ship is within the range of visiblilty of 
shore objects, natural or artificial, such as mountain 
peaks, tall chimneys, elevated tanks, prominent lone 
trees, or specially constructed signals, the problem is 
comparatively easy in the daytime and in clear weather. 
At regular short intervals, angles between the right 
and center, and center and left objects, are simultane- 
ously measured with sextants by two observers on 
board the ship; these two angles can be set up on a 
three-arm protractor, or “station pointer," and the 
ship’s position can be plotted within a minute of time. 

But at night (except in those rare instances in which 
three well located lights can be identified), in foggy 
weather, or when the ship is beyond the range of visi- 
bility of shore objects, the problem becomes difficult. 
Dead reckoning, in which the ship’s position is fixed 
by her distances run (measured by the patent log or the 
revolution counter) in the directions as given by her 
compass, with allowances for current and leeway (due 
to the ship being blown sidewise through the water by 
the wind), is always open to question. Formerly, 
when the ship had to stop for every sounding, dead 
reckoning was especially questionable; now, with the 
advent of echo sounding, by means of which the ship 
can run continuously at full speed, dead reckoning is 
much more satisfactory than it was. Astronomical 
fixes, even when taken at their best on stars at morning 
and evening twilight by several observers, have com- 
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automatically recorded an a chronograph aboard the ship. The 
sound of the explosion disturbs the shore station microphone and 
the resulting characteristic radio signals of the shore stations 
are received on board the ship and also recorded on the chronograph. 
Thus the ship obtains the time of travel of sound in water from her 
position to each of the shore station microphones, which are in 
known positions. The speed of sound in sea water being known, the 
Ship's position is thus fixed. The method has been used success- 
fully in the U. S. Coast and Geodetic Survey with the ship 75 mi. 
or more away from the shore stations. 

A device for quick plotting on the field sheet is described. The 
accuracy of the method is discussed. 


paratively large probable errors and are limited to a 
few times per day, and then only when the sky is clear 
and the horizon is well defined. 

If some means could be devised that would locate a 
survey ship accurately, at frequent intervals, day or 
night, clear weather or foggy, in rough weather or in 
smooth, and as far off shore as she might have occasion 
to work, it may be seen that such a method, if its cost 
were not excessive, would be very useful. 

The British have such a method,'? in which the 
pressing of a key on board the ship simultaneously 
detonates a small charge of explosive in the water 
near the ship and sends out a radio dash. A station on 
shore records on an Einthoven galvanometer photo- 
graphic recorder, the time of arrival of the radio dash 
and also the times of arrival of the sound wave from the 
explosion at each of a number of hydrophones suitably 
disposed in known positions on the sea bed. What 
they get is the distance of the explosion from each 
hydrophone, and the bearing of the explosion from the 
mid-point of each pair of hydrophones. The use of the 
bearing lines in connection with the range lines makes 
considerable accuracy possible. The shore station 
transmits the position of the explosion to the ship by 
radio. Very little equipment is required on board the 
ship, so that the method is of use in navigation. It is 
stated that with a 9-oz. charge of explosive, locations 
can be given within a range of 40 mi. from the 
hydrophones. 


In 1923 the U. S. Coast and Geodetic Survey, in 
collaboration with the Sound Laboratory of the U. S. 
Bureau of Standards, worked out a method of locating 
a survey ship by radio-acoustic methods. While some 
important practical modifications in details have been 
made during the past five years, this method is 
still used with no changes in the general principle. 
Since 1925 it has been proved economical and successful 
in the waters off the Pacific Coast of the United 
States especially in the waters off Washington and 
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Oregon. In one-test run off the coast of Oregon, the 
Survey Ship Gutde-ran over. 200 mi. directly off shore 
and: obtained: consistent: positions during the entire 
distance; both the Guide and the Pioneer have success- 
fully surveyed large areas with the positions of the 
soundings determined almost exclusively by the radio- 
acoustic. method, the ship being as much as 75 to: 80 
nautieal miles away from the shore station hydrophones 
during the progress of the work. "Thus far, the method 
has: not been used with success in the waters off the 
Atlantic Coast of the United States, although. it: has 
been the subject of experiments off the coasts of North 
Carolina and Florida.* 

This American method differs from the British 
method chiefly in that the working out of position is 
done on board the ship, the shore station apparatus 
being. essentially automatic so that the shore station 
personnel is required mainly to keep the equipment in 
good condition. By this means the ship’s position at 
the instant of explosion becomes known within a very 


Fig. 1—Ravrio-Acovustic SHORE STATION 


few minutes after the explosion, which is very important 
in survey work. 


Space does not permit us to trace the development of 
the American method. The reader can refer to the 
Publication? by Commander Heck, Dr. Eckhardt, and 
Mr. Keiser for the details of the original apparatus and 
procedure. The present method has been discussed by 
Commander W. E. Parker,’ Chief of the Division of 
Hydrography and Topography of the Coast and 
Geodetic Survey, and by the author. It will be 
treated in its essentials in this paper; a more detailed 
deseription can be found in the new Special Publication 
of the Coast and Geodetic Survey upon the subject, 
which is now in press.!! 


THE SHORE STATIONS 


The Survey Ship having a given water area to survey 
sets up two shore stations, one near each inshore corner 
of the area. These stations are usually 30 to 40 mi. 
apart and are often in wild places at a considerable 
distance from any towns or settlements. Since they 
will be used at most only a few months, the shelters are 
of a temporary nature, constructed or set up in one or 
two days by a party sent ashore from the ship. Fig. 1 
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shows such a station on San Clemente Island off the 
coast of California. 

The hydrophone, sealed into a watertight, weoden 
case, filled with sea: water, 1s planted on the sea bottom 
at a distance varying ftom a few hundred yards.to a 
mile or more offshore, depending. upon the topography 
of the bottom, the presence or: absence of: projecting 
ledges, etc. The hydrophone is a single-button 
microphone with a rubber case; sometimes.two or more 
hydrophones are used, mounted in the same wooden 
case and usually connected in parallel. The hydro- 
phone (or set of hydrophones) is connected to the shore 
station through a single-conductor cable and the sea 
water ground. 

The wooden case into which the hydrophone is 
sealed may be a keg or a specially constructed box of 
about the size of a keg. It was introduced by the writer 
as the result of a study of a paper by Brillié,’ after a 
series of experiments by the writer and Chief Wireless 
Operator A. M. Vincent, of the Survey Ship Guide. 
These experiments showed that the wooden case passes 
sound from the explosion without appreciable attenua- 
tion, but eliminates a great many very troublesome 
strays that are probably due to the mechanical. action 
of the water, bits of sand, shells, etc., upon the 
hydrophone. 

The cable was designed by Lieutenant. Commander 
Thomas J. Maher, U. S. Coast and Geodetic Survey, 
and the author, and consists of 19-strand tinned air- 
craft cable 1% in. in diameter) insulated with a \%- 
in. belt of 40 per cent to 60 per cent rubher. This cable 
has. great tensile strength, its insulation resistance 
remains high after long immersion in sea water, and the 
insulation is very resistant to abrasion. The high 
electrical resistance of this cable is not a serious dis- 
advantage. The cable is specially manufactured for 
the Survey. In some localities, as on rocky beaches, 
single-conductor deep-sea cable is used through the 
breakers. Usually it is found satisfactory to run the 
lighter cable through 34-in. pipe from a point inside 
high-water line to a point outside low water line; for 
protection of the cable, the pipe is fitted with a fiber 
or wooden bushing and a piece of rubber hose at each 
end. 

The essentials of the shore station equipment except 
for batteries, are shown schematically in Fig. 2. When 
the sound from the distant explosion reaches the hydro- 
phone its resistance changes and an electrica] impulse 
passes through the input winding of the first transformer 
of the amplifier. This impulse, amplified, passes 
through the line circuit of the commercial standard 
telegraph relay and as a result the local circuit of that 
relay is momentarily closed. The closing of the local 
circuit of the relay has two effects; (1) the radio send- 
ing key is short-circuited by the relay contacts and a 
dash is broadeasted by the station with a scarcely 
appreciable lag behind the arrival of the sound from the 
explosion at the hydrophone; and (2) the automatic 
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key is set into operation, which is driven by clockwork, 
and by means of a notched wheel causes the radio 
transmitter to broadcast the characteristic signal of the 
station, which may be three long dashes, or a dot and 
two dashes, or whatever signal may be desired. 

There is nothing of special interest connected with 
the amplifier. The input impedance of the first trans- 
former is matched approximately to the impedance of 
the hydrophone and cable. The line circuit impedance 
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of the relay is matched to the output impedance of the 
last tube of the amplifier. Usually, radiotrons UX201A 
are used in the first two stages, and a UX112in the third 
stage. Suitable values for plate and grid potentials 
have been found by experiment. 

The automatic key is that described by Heck, 
Eckhardt, and Keiser. It consists of a pair of contacts 
connected in parallel with the radio sending key. 
These contacts are normally held open by a wiper 
resting upon the periphery of a notched wheel. This 
wheel is driven by a clockwork mechanism set in 
motion whenever the relay local circuit is closed; a 
device that stops the clockwork automatically when 
the wheel has made exactly one revolution is included. 

The relay shown alongside the sending key is merely 
a pony telegraph relay included to insulate the sending 
key and the automatic key from the high plate potential 
of the transmitter; the transmitter is keyed in the plate 
circuit. 

There is nothing particularly remarkable about the 
radio transmitter. It is simply a Hartley oscillator 
using two UX210 radiotron tubes in parallel and 
operating at 140 meters wavelength. Both stations 
operating in connection with a given ship must keep 
their transmitters adjusted to approximately the same 
frequency. 

THE SHIP INSTALLATION 


The essentials of the ship installation, exclusive of 
batteries are shown schematically in Fig. 3. The 
hydrophone is mounted well below the water line in a 
tank of water in contact with the outer plating of the 
ship. 

The amplifier preferably has the first transformer that 
is connected with the hydrophone distinct from the first 
transformer that is connected with the output of the 
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radio receiver, in order that the transformer input 
Impedances may be properly matched to the impedances 
of the circuits into which they are connected. Usually, 
two or three stages of amplification are sufficient either 
for the incoming radio signals or for the hydrophone 
circuit impulses. 

The chronograph drives a 34-in. tape at the rate of 
about one inch per second. The drive was modified 
by the author and consists of a 12-volt shunt motor 
driven by a 12-volt storage battery of large capacity; 
by this arrangement satisfactory speed regulation is 
obtained without a governor. The pen magnet wind- 
ing that is connected with the amplifier has its impe- 
dance approximately matched to the output impedance 
of the last tube of the amplifier. 


EXPLOSIVE CHARGES 


The explosive charge is detonated by a fulminate 
blasting cap into which a short length of waterproof 
fuse is fitted. If the ship is within 15 or 20 mi. of 
each of the two stations, one of these blasting caps will 
usually send sound energy of sufficient amplitude to the 
hydrophones at both station to actuate the station 
apparatus. Beyond the range of a blasting cap, a 
friction top, pint-size, tin can filled with TNT into 
which the blasting cap is imbedded is usually sufficient. 
For the greatest distances, a bomb designed by the 
author is used. This bomb consists of a hollow cast iron 
spheres of 5-in. inside diameter and 14-in. wall 
thickness, filled with TNT; the blasting cap and fuse 
(as well as the TNT) are introduced through a small 
opening; the blasting cap is imbedded in the TNT at 
the center of the sphere. In these cast iron bombs, as 
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well as in the tin can bombs, the fuse opening is sealed 
with soft pitch or some similar material after the fuse 
is in place. 
OPERATION OF THE SYSTEM 

When a position is wanted, the switch S, (Fig. 3) is 
thrown to the hydrophone, the chronograph is started, 
the pens are seen to be functioning with the time pen 
making the second marks, and a bomb is ignited (by 
touching the end of the fuse to a hot wire) and thrown 
overboard. The ship need not modify either her course 
or speed for this procedure. The instant of explosion 
is recorded on the chronograph by means of the ship’s 
hydrophone, the amplifier, and the amplifier pen 
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magnet. The switch S, (Fig. 3) is then thrown to the 
ship’s radio receiver. 

The sound energy flows out from the explosion and, 
after intervals, reaches the hydrophones at the two 
stations. When this sound reaches the hydrophone at 
a given station, that station, with scarcely appreciable 
lag, broadcasts a radio dash, identified immediately 
afterward by the characteristic signal of the station. 
Dash and signal are received by the ship and recorded 
on the chronograph tape. The time of travel of the 
radio dash from station to ship is negligible. Instru- 
mental lags can be determined at the beginning of the 
season and then checked from time to time. 

From the chronograph tape, the time of travel of 
sound energy from the explosion to the hydrophone at 
each station can be read off quickly to within one or 
two one-hundredths of a second. The positions of the 
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station hydrophones have been located accurately and 
plotted upon the survey sheet when the hydrophones 
were planted. 


SPEED OF SOUND IN SEA WATER 


Since the distance from the explosion to the hydro- 
phone at each station is required, in addition to the time 
of travel of sound energy to each station the speed of 
sound in sea water must be known. This speed is a 
function of the mean (from surface to bottom and over 
the range) temperature, pressure, and salinity of the 
water. From studies made within the past few years 
the speed of sound in sea water is quite well known 
under all conditions of temperature, pressure, and 
salinity likely to be encountered.‘:*:*® Also, the tem- 
perature and salinity conditions are determined during 
the season in order that correct sound speeds may be 
known for echo soundings. Hence, it may be assumed 
that the correct speed of sound for computing radio- 
acoustic ranges will be available. 
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PLOTTING THE POSITIONS 


Since the positions of the station hydrophones are 
known and have been plotted upon the survey sheet, 
and the distances from the explosion to each hydro- 
phone have been determined by the radio acoustic 
method, the problem is to find (upon the survey sheet) 
the vertex of a triangle when the base and the lengths 
of the other two sides are known. This problem would 
be easy of solution were it not for the distortion of the 
survey sheet and the necessity for economy of time. 
In the plotting of the final ‘‘smooth sheet,” corrections 
must be made for distortion, and speed is not so essential; 
in the plotting of the preliminary work sheet or “boat 
sheet," distortion may usually be disregarded and speed 
is quite important. 

For plotting on the boat sheet where distortion of the 
sheet may be disregarded, the plotting device de- 
signed by Douglas L. Parkhurst, Chief of Division of 
Instruments of the Coast Geodetic Survey, and the 
author, can be used to advantage. This plotting 
device is shown in Fig. 4, and consists of a pair of arms 
pivoted at a pricking device; with zero at the pivot, 
graduations are marked on the arms which represent 
the distances (on the scale of the hydrographic sheet) 
that sound will travel in the number of seconds repre- 
sented by the graduation marks; of course, a mean value 


. of the speed of sound in sea water must be used in lay- 


ing out the graduations on these arms. An index head 
is tacked to the chart table through the survey sheet 
over the plotted position of each hydrophone. The 
arms slide in grooves on these index heads. Suppose 
then, that it is found that sound travels from the ship to 
hydrophone A in 44.82 seconds, and to hydrophone B 
in 39.19 seconds. The arm in the index head that is 
over the plotted position of A is moved in or out until 
graduation 44 is opposite 0.82 on the index head, and 
then clamped; likewise 39.19 is set up on the arm that 
slides in the index head at B. The pricker will then be 
over the position of the ship on the sheet, and the 
position can be pricked. | 

Three arms and three index heads are provided, but 
usually only two are used because there are generally 
but two stations. 


ACCURACY OF THE METHOD 


The accuracy of the method is limited by the accuracy 
with which the speed of sound is known and by the 
angle at which the two distance lines intersect. If the 
physical conditions of the water are fairly well known, 
the speed, and therefore the two distances, will have an 
uncertainty not greater than 0.5 of 1 per cent, prob- 
ably no greater than 0.3 of 1 per cent. That is to 
say, if the ship is about 50 mi. from the two hydro- 
phones, she ean determine her position from either with 
an uncertainty of the order of 300 meters. "Then, of 
course, the accuracy of her position, determined from the 
two distances, will depend upon the angle of inter- 
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section of the two arcs about the respective hydro- 
phones as centers. 

Captain L. Tonta, Director of the International 
Hydrographic Bureau, has proposed! a rather brief 
method of computation of radio-acoustic positions 
that may prove of advantage for final plotting on the 
smooth sheets. This method eliminates error of posi- 
tion due to a small error in the value assumed for the 
speed of sound. The reader is referred to Captain 
Tonta’s original paper for the details of this method. 

In conclusion, the author wishes to express his appre- 
ciation to those of his superior officers and associates 
in the Coast and Geodetic Survey who have helped 
him in the preparation of this paper, and to C. L. 
Terrel, of the class of 1928 at the Ohio State Univer- 
sity, who inked and lettered the diagrams. 
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An Experimental Determination of Electrostatic 


Field Near a Plate With a Projecting Rod 
BY W. W. MITKEWICH 


Non-member 


T is a well-known fact that the electrical field in any 
hollow or cavity in a solid conductor is either zero 
or very nearly approaches zero. This follows 


directly from the inverse-square law. 


Referring to Fig. 1, consider a plane conductor b 
provided with a vertical wall a, also of conducting 
material; if such a system were charged, we should find 
that the field strength rapidly falls off as we approach 
the corner junction. 


For example, in a model with linear dimensions of 
about 30 cm., this field is experimentally found to be 
practically zero at a point located 6 mm. from the 
corner. From such experiments we generally obtain 
an idea that the vertical wall a annuls the electric field 
due to the plane b, since this is a case of a depression in 
a charged conductor. We can readily apply the inverse- 
square law reasoning in deducing this field-elimination 
effect. 


However, one would hardly suspect a thin metallic 
rod positioned in the center of a charged surface, such 
as shown by Fig. 2, to be practically equivalent to the 
very much larger plane in annulling the electric field 
about itself. Having found such a condition experi- 
mentally, we can readily think of an explanation based 
on the inverse-square law, since the direction of the 


field at any point in the space immediately surrounding 
the rod c is in a plane passing through the rod. 

Referring to Fig. 3, a stand a holds a metallic plate 
c which is insulated from a by a piece of insulating 
material b. A rod d, 1.65 mm. in diameter, protrudes 
through a hole in the plate located 19.1 cm. from 
either the upper or right edge of the plate. A tube h, 
placed behind the plate, holds the rod d in a horizontal 
position, perpendicular to the plate c. A scale g shows 
the horizontal distance to the right from the rod on the 
surface of the plate. 

A gold leaf e is held on the scale g by the metallic 
flat rod f; a spring k holds the rod f in position. A small 
scale 7 fixed on the rod f, at some distance from the gold 
leaf, indicates the deflection of the gold leaf e. 


This apparatus is charged by means of an electro- 
phorus plate held in one's hand. The insulation b is 
made of hard rubber. 


Curves are obtained showing the variations in the 
deflection q of the gold leaf, with changesin the height of 
the rod h and the distance of the gold leaf from the rod d. 


A similar experiment is repeated with a 16.8-cm. 
by 25.4-cm. metal plate used in place of the rod placed 
perpendicularly to the plate c, and having its surface 
in a vertical plane. 
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On placing the gold leaf at a- distance of 1.25 cm. 
from the rod, on reducing the height of the rod to zero 
and on charging. the system, the gold leaf is found to 
deflect to approximately a horizontal position. But 


as soon as the rod is brought to the height of 5 cm. the 
gold leaf falls back to the close proximity of the plate 
c, and as soon as the rod is again reduced to zero height 
the leaf again deflects to the position which is almost 
perpendicular to the plate c. 

It must be remembered that the most striking ap- 
pearance of this phenomenon follows from the con- 
dition of having the rod only 1.65 mm. in diameter 
while the gold leaf is 1.8 cm. by 0.5 cm. in measurements 
and contains an appreciable area as compared with the 
projection of the wire rod. 

The curves represented by Fig. 4 show the gold leaf 
deflection q plotted against the distance of the gold 
leaf from the center d. The upper curve is taken with 
the plate c empty, that is with the height of the rod 
reduced to zero. The slight curvature at the points 
farthest from the center is due to the edge effect of the 
static field, but in general the field is almost uniform 
throughout the sheet c. 
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The lower curve is taken with the perpendicular and 
vertically positioned plate in the center. The plate 
measures 25.4 cm. vertically and stands out 16.8 cm. 
horizontally. 'The results show that the electroscope 
does not deflect at all next to the plate and the deflection 
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gradually becomes apparent as we move the gold leaf 
further away from the plate-wall along the plate c. 

The middle curve shows the identical experiment 
repeated with the rod of 1.65 mm. diameter and height 
16.8 cm. (horizontal measurement). 

Fig. 5 shows the variations in the deflection q with 
changes in the height of the rod h for different fixed 
positions of the gold leaf. 


MINERALS CONSERVED BY U. S. 
GEOLOGICAL SURVEY 


Under the supervision of the mining engineers of the 
Geological Survey it is estimated that minerals valued 
at $150,000,000 will have been recovered from the earth 
in the public land states of the west during the current 
year. The returns in rental and royalty will amount 
to nearly $20,000,000 according to a statement recently 
made public by the Department of the Interior in 
reporting upon this work. 

Field administrative work of the department has 
been pushed during the summer months and this will 
mean additional millions to the public. The lands 
covered are scattered through all of the public land 
states and are dealt with through 20 stations where 
petroleum and mining engineers of the Geological 
Survey are located to supervise the development. 
Conservation of the minerals and other natural re- 
sources of the country is one of the prime objectives 
of this work. . 


Abridgment of 


Transmission and Distribution 


ANNUAL REPORT OF THE COMMITTEE ON POWER TRANSMISSION 
| AND DISTRIBUTION* 


To the Board of Directors: 

In addition to conducting its usual activities during 
the current year, this Committee has endeavored to 
establish a closer contact with those committees of other 
organizations whose interests lie in a large measure 
within the field with which it is concerned. It was felt 
that such cooperation would be mutually beneficial 
and through the medium of the Institute publications 
would result in the presentation of some’ material 
of general interest which would otherwise receive only 
limited circulation. It is believed that the present 
report has benefited very materially by this policy. 

After considering some criticisms of the definitions 
contained in the “Wires and Cables" section of the 
A. I. E. E. Standards, the Committee deemed it advisable 
to have these definitions revised. A suggested revision 
has been prepared and placed in the hands of the 
Standards Committee. 


OVERHEAD TRANSMISSION LINES 

Lightning on Transmission Lines. The protection 
of overhead transmission lines from interruptions due 
to lightning flashovers remains a problem of outstanding 
importance and in order to make more quickly available 
records of operating data on the protective value 
of ground wires, fused grading shields, and wood or 
combination steel and wood transmission line structures 
with regard to reducing lightning flashovers, a sub- 
committee undertook to collect as much information in 
this field as possible. Forall data so obtained, reference 
should be made to the complete report. 


Better performance resulting from adding a ground 
wire to an all-wood line seems clearly indicated from the 
comparison of 1926 and 1927 experience with that of 
1925 of the data reported by companies No. 1 and No. 5. 
Similar improvements in reliability are indicated when 
ground wires have been added to steel tower lines. 

Western companies report bird troubles as being more 
severe than those due to lightning, and wood construc- 
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tion very advantageous in this respect as shown by the 
data submitted by Company No. 6. However, there 
seems to be a crystallization of sentiment in the West 
in favor of steel towers with suitable bird guards, 
because of the very considerable trouble experienced 
with destructive fires due to leakage currents with wood 
construction, especially at certain seasons of the year. 

For lower voltage lines, 22- to 66-kv., there is an 
Increasing tendency to try to improve designs of wood 
pole lines with a view to reducing lightning troubles by 
the use of wood pins, arms and braces, and by increasing 
the amount of insulation inserted in the guy wires. 

Company No. 1, reporting on the value of fused grad- 
ing shields, shows a 50 per cent reduction in outages on 
two circuits, on one tower line so equipped compared 
with two circuits on a parallel tower line protected by 
ground wire only. It also states that this type of 
protection functioned correctly two out of every three 
times; 2. e., cleared the follow-up dynamic arc before 
the breakers opened and thus avoided dumping the 
load. The record as to the performance of the in- 
dividual fuses was even better—77 per cent correct 
operation, 2. e., 77 per cent cleared properly—and were 
not the cause of a line interruption. 

Another company desirous of trying out this type 
of protection on 132-kv. circuits reports that it has not 
as yet been able to find a fuse for that voltage which, 
after testing, it felt was safe to install for this purpose. 

Theory of Lightning and Ground Wires. "The results 
of the work of a number of investigators during the past 
year have altered to some extent the conceptions re- 
garding the nature of the lightning stroke and the 
manner in which it affects transmission lines. 

The theoretical considerations involved are discussed 
in some detail in the complete report. The protective 
effect of the ground wire.is discussed also in the light 
of the latest concepts and figures are given indicating 
the reduction in induced potentials to be expected from 
various arrangements of the ground wires. 

The protection against flashover afforded by the use 
of ground wires is much greater than the percentage 
reduction in voltages. If the number of lightning 
surges of any given potential is plotted against the volt- 
ages, the resulting curve resembles a rectangular hy- 
perbola. From this itis seen that of those lightning 
strokes, both direct and induced, which cause flash- 
over, those that are not more than twice the flashover 
voltage of the insulators are much more numerous than 
those which are many times that value. "Therefore, 
if each surge is reduced to one-half its voltage, the num- 
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ber of flashovers is reduced by a much larger factor. 
Operating experience of the past few years seems to 
indicate that on the high-voltage lines flashovers are 
practically eliminated by ground wires which give a 
50 per cent reduction. 

Topography in Relation to Lightning Flashovers. 
An investigation of the flashovers which have occurred 
on the Cahokia-Crystal City transmission line, which 
was put in service May 11, 1925, indicated a close 
relationship between the topography of the surrounding 
territory and the flashovers on the line. 

From this study it appears that short sections of 
ground wire placed over the portions of the line most 
subject to flashovers should be almost as effective from 
the standpoint of protection as a ground wire over the 
entire length. Eight miles of ground wire divided into 
four sections would include those parts of the line upon 
which 70 per cent of the flashovers have occurred. 

Results of Klydonograph Investigation. The pre- 
liminary results of an extensive klydonograph layout 
which was planned and placed in operation during 1927 
in connection with studies of the Subcommittee on 
Lightning showed switching surges up to 5.2 times 
normal to ground, checking quite closely previous data 
on this phase of the problem: All switching surges were 
either highly damped or unidirectional with small 
magnitude. These surges do not appear to be at all 
troublesome to line or apparatus, at least in the line 
investigated. Lightning voltages were recorded up to 
4.8 times normal and in one case where the line tripped, 
over 19 times normal was found. Of the surges 
recorded 57 per cent were positive, 18 per cent were 
negative, and 25 per cent oscillatory. 

Lightning arrester discharges were found as high as 
2620 amperes in the neutral leg of a four-leg oxide film 
arrester on a 132-kv. system. Another case of 1260 
amperes was observed. Both currents were negative 
initially, the latter being highly damped. 

Voltages on the protective ground wire were observed 
as high as 20,000 volts in one case, and many voltages 
were recorded in the order of 2000 to 3000 volts. 

The field investigation is being continued in 1928 and 
it is expected that after the data for 1928 have been 
collected and assimilated a fairly complete report can 
be presented. 

UNDERGROUND CABLES 


General Review. The outstanding feature of under- 
ground transmission during the year is the placing in 
service in the summer of 1927 of 18 mi. of 132-kv. lines 
in Chicago and New York. These installations were 
described before the Institute at the Chicago Regional 
Meeting in November 1927. There have been no 
electrical failures on these installations, and the only 


troubles have been minor oil leaks in joints and other © 


appurtenances and a few leaks in cable sheaths. In all 
cases of leaks the repair work was deferred until the 
line could be taken out of service without inconvenience 
to the operating company. 
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All of the available evidence indicates that on the 
whole there has been a distinct improvement in the 
quality of high-voltage cable during the past few 
years. Statistics on more than 5,000,000 ft. of such 
cable purchased under rigid specifications by a group 
of central station companies show that only 3.22 
per cent of the cable submitted during 1927 was below 
the standards prescribed by the specifications,—the 
lowest of continually decreasing percentages during the 
past five years. "There has been a steady increase in 
dielectric strength of cable during the past few years. 
Dielectric losses and power factor are at about a 
minimum,—the average power factor for cable with a 
wide range of voltage ratings and sizes being about 0.6 
per cent at room temperature and operating voltage. 

Another outstanding feature has been the marked 
decrease in the effect of bending on the dielectric 
strength of paper-insulated lead-covered cables. For 
the past two or more years cable could be subjected to a 
very severe bending manipulation without any appre- 
ciable effect on the dielectric strength. 

Effectiveness of Specifications and Cable Performance. 
The effectiveness of specifications and the accompany- 
ing inspection and tests in guaranteeing satisfactory 
service of cable are often questioned and few data 
exist from which definite conclusions may be drawn. . 

The importance of this question and the still greater 
importance to the operating engineer of thoroughly 
reliable records of cable performance have been recog- 
nized and all of the important data in connection with 
all failures of cable in service on a number of the larger 
systems are now being systematically collected. It has 
already been found that a very considerable percentage 
of the sections of cable which failed in service without 
external cause had some abnormal feature of more or 
less significance in the original inspection record. 


Quality Rating. It is generally recognized that all 
items of inspection and test are not of equal value, and 
that no characteristic determines the quality of a given 
piece of cable. On the other hand it is probably true 
that no two engineers will agree as to just which charac- 
teristics do determine cable quality. Nevertheless, 
it is appreciated that a method of weighing character- 
istics, assigning grades on a scale of test performance for 
each characteristic and thereby obtaining a single figure 
of merit for a given lot of cable, would furnish an engi- 
neer with a useful means of evaluating that cable. 
Such a procedure of quality rating has been set up and 
is now being applied in the cooperative work referred to 
above. Such a procedure, even though strictly empiri- 
cal, if it proves to coordinate with service records, will 
be of great value to the industry. 

Losses in Armored Single-Conductor Cable. The 
calculation of potential drop and energy loss in single- 
conductor steel armored cables used for three-phase 
circuits is not susceptible of accurate predetermination 
with the information now available. 

The variety of iron armored single-conductor cables 
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tested and the data obtained have not been sufficient 
to permit establishing a generally applicable calculating 
procedure for circulating currents and losses. While 
the data available cover sufficiently well for practical 
use the loss calculations for the few designs considered, 
iron armored cables of radically different design would 
probably require additional empirical data to be de- 
rived from tests, as a basis for the calculations. If 
the proper additional tests were made for a few other 
types of armored designs, a more general calculating 
procedure could probably be established. 

A paper! is under preparation reviewing the knowl- 
edge at hand, and reporting the results of recent tests 
and analysis as a further step of progress toward a 
more general understanding of the problem. 

A-C. Electrolysis of Lead Cable Sheaths. The use of 
single-conductor cables in separate ducts for three- 
phase circuits of high voltage has led to the adoption 
of various methods for the reduction of induced cur- 
rents in the sheaths. These schemes entail a-c. po- 
tentials from the sheaths to ground of varying 
magnitudes and the question of whether electrolytic 
corrosion of the cable sheaths is likely to result from 
this practise is of considerable importance. 

Further investigations of this subject are under way 
and will doubtless add much valuable information to 
our present supply, which is none too complete. 

It may also be appropriate to mention here that some 
trouble has been experienced with lead sheath corrosion 
due to the formation of a red lead oxide. This subject 
was discussed at a special meeting during the April 
Regional Meeting, which was held in Baltimore, and 
as a result of investigations now under way, more 
detailed knowledge will probably soon be available. 


POWER LIMITS OF SYSTEMS 


Further progress is reported in the development of 
methods for predetermining power limits of systems 
and of criteria for system stability. From this stand- 
point, important progress has also been made in syn- 
chronous machine theory. 

Last year’s.report indicated the extent to which high- 
speed or quick response excitation had been adopted 
as a means of preserving synchronism in a system during 
short circuits. The installations made to date are the 
Farmersville substation of the Southern California 
Edison Company, the Gatineau Falls Development of 
the International Paper Company, and the Conowingo 
Development of the Susquehanna Power Company. 
The experience obtained to date with these installations 
has been insufficient to draw any definite conclusions 
regarding their effectiveness in maintaining stability. 
Without such operating experience, the committee has 


no further statement to make except to repeat the 


opinion generally held that there is a number of cases 
where quick response excitation may be advantageous. 
It is not a panacea for system troubles. 


1. By O. R. Schurig, H. P. Kuehni, and F. H. Buller. 
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Further progress is reported in factory tests of power 
transmission, using voltage regulating devices, .sub- 
stantiating previous tests demonstrating the passi- 
bility of stable operation under a condition of dynamic 
or artificial stability, that is, at values of power con- 
siderably above the limit with fixed excitation. It is 
thus a promising development .as regards increasing 
the maximum output of synchronous machines. It is 
expected that even if it is not necessary at the present 
time to transmit regularly values of power above the 
steady-state limit, there may be occasions when certain 
branches of a system may be momentarily loaded 
beyond the steady-state limit, due to switching opera- 
tion, sudden load shifts, etc., and the devices referred 
to should prove beneficial under such conditions. 


There is an urgent need for further field data. These 
data should take two forms: 

a. Further tests on systems for which calculations 
have been made, as a check on such calculations. 

b. Data secured during transients encountered in 
normal operation, by means of special recording de- 
vices, such as the automatic oscillograph and the 
high-speed recorder. Preferably these data should also 
be obtained on systems for which calculations have been 
made. 


It is felt that in the problem of maintaining synchro- 
nism between all machines connected to a system during 
short circuits, very considerable benefit will be obtained 
by reducing as far as possible the magnitude and dura- 
tion of the disturbance caused by a short circuit. It 
is not generally practicable to reduce the short-circuit 
current by the introduction of series impedance in the 
path of load currents as this decreases the power limits 
directly. Since, however, most short circuits occur 
from line to neutral, considerable benefit may be ex- 
pected from making use of means which limit the value 
of line to neutral short-circuit current without increas- 
ing the impedance of the system to normal load current. 
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Production and Application of Light 


ANNUAL REPORT OF COMMITTEE ON PRODUCTION AND APPLICATION. OF LIGHT* 


To the Board of Directors: 

This Report was compiled by the members of the 
Committee, assisted by about 35 experts who contrib- 
uted material or passed upon statements embodied 
in the report, which will be printed in full in the 
Institute's TRANSACTIONS. Following is a review of 
its general features. 


PRODUCTION OF LIGHT 

Most developments during the past year in the pro- 
duction of light have taken the form of refinements of 
design and adaptations of existing types of illuminants 
rather than of radically new methods or principles of 
light production. 
Incandescent Filament Lamps 

Small Multiple Lamps. The report describes the 
new and smaller 10-watt multiple lamps equipped with 


Fic. 1—10-W arr MuLTIPLE Lamps 


new ''intermediate" bases recently produced. These 
are especially suitable for decorative lighting, being 
available in a variety of coated bulbs. In the type 
designed more particularly for indoor use, an average 
life of 600 hr. is adopted, while for those in the round 
bulb form, more suitable for outdoor use, a 1500-hr. 
life has been fixed. The latter is expectd to find wide 
use in electric signs and in outdoor decoration. A com- 
plete line of intermediate base sockets, and adaptors, 
is available for use with these new small lamps. 

Very Large Lamps. Lamps up to the 10-kw. size 
which have been produced successfully point the way 
toward still larger lamps for special purposes when and 
if needed. 


Projection Lamps. The ''coiled-coil" filament pro- 
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vides for projection purposes a smaller light source, 
making possible increased intensity and uniformity of 
screen illumination. A pre-focusing base makes possi- 
ble more accurate positioning of the filament. 

Street Railway Lamps. The 86-watt vacuum lamps 
for use, five in series on circuits of.525 to 650 volts, 
were made available during the past year. Gas-filled 
lamps for operation approximately 20 in series at 
30 volts per lamp were another new development in 
this field. The latter lamps have incorporated a special 
device for reestablishing the circuit in case.of filament 
failure. 

Short-Cirewiting Device for Street Series Lamps. Ina 
new form of street series lamps, lead-in wires have been 
brought into close proximity. In case of filament 
failure, if the arc travels along the lead wires, a short 
circuit is formed at this point affording protection to the 
lamp socket. 

Searchlights 


Since the war, the trend of development .of military 
searchlight design has been toward greater beam 
candlepower, lighter weight, greater mobility, and 
improved methods of control. There were two im- 
portant developments in 1927. One of these was the 
incorporation in the searchlight unit of a comparator 
system which makes it possible for the searchlight to 
be guided from a distance by accurate data transmitted 
electrically from a sound-locator station to the search- 
light station. Thus, in anti-aircraft defense, the 
pointing of the searchlight at the target is greatly 
facilitated. 

The other development was the successful production 
of a 60-in. mobile searchlight unit employing a 250- 
ampere high-intensity arc operated by a 25-kw. generat- 
ing unit, and developing 1,385,000,000 maximum beam 
candlepower. 

In order to facilitate signaling, searchlights of the 
smaller sizes in the Navy are being adapted to the 
employment of the incandescent lamp. Similar sig- 
naling searchlights using 1000-watt projection lamps 
have unique advantages in the submarine service, in 
that the pressure on the projection drum may be 
equalized by allowing water to enter the unit. 


Gaseous Conductor Lamps 

Sign Types. Concerning neon tube signs, it is noted 
that the efficiency of light production of the orange-red 
neon tube sign is relatively high and the guaranteed 
service life is long. Such signs require a relatively 
high voltage and are characterized by a power factor 
usually below 50 per cent. | 

Hot Cathode Lamps. The latest development in 
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gaseous conductor lamps recently announced in two 
papers before the Institute is reviewed. This lamp, 
similar in form to the well-known mercury vapor lamp, 
utilizes neon gas and, by means of an electrically-heated 
cathode which reduces the voltage drop at the electrode 
from about 250 to about 30 volts, makes operation 
possible on a 115-volt circuit. Through avoidance of 
electrode disintegration, a comparatively large current 
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may be passed with resultant high brilliancy and 
candlepower. 
APPLICATION OF LIGHT 


Interior Illumination 


Industrial Lighting. The Report emphasizes the 
large place which lighting holds in industrial power, 
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citing a survey of a considerable number of industrial 
plants in which it was found that electricity consumed 
for lighting approximated, on the average, that for 
power purposes. 

Commercial Lighting. A continued advance to 
higher intensity levels in store and show-window light- 
ing is featured by innovations in the way of modernistic 
lighting equipment and by the more general use of 
color-matching units. 

Residence Lighting. Lighting equipment in the 
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modernistic vogue is making its appearance in residence 
types which, whatever may be said as to their artistic 
success, as a class are characterized by better shielding 
of lamps than in many fixtures of older types. 

Lighted ornaments are beginning to make their 
appearance in both the imported and domestic fields. 

In this connection, the Report notes the importance 
of arriving at most constructive solutions of the several 
problems of residence wiring which now confront the 
electric lighting industry. 

Theatrical Lighting. In this field, the utilization of 
electric light is making rapid strides. Applications of 
higher intensity illumination under better control are 
bringing improved results. 

Exterior Illumination 

Street Lighting. The Report notes a tendency 
toward higher amperage circuits—20 amperes for 
supply of 20 ampere lamps in place of transformers 
supplying such lamps from circuits of lower amperage. 
Developments in remote-control of street lighting cir- 
cuits are reviewed. 


The relation between street lighting and motor 


Fic. 4—LIGHTED ORNAMENTS FOR HOUSEHOLD DECORATION 


vehicle lighting is discussed with emphasis upon the 
importance of providing adequate street lighting in 
urban districts and important highways in order to 
permit automobile driving without powerful headlamps 
on such streets. A joint resolution adopted by the 
Committee on Street Lighting and the Committee on 
Motor Vehicle Lighting, (both of the I. E. S.), is quoted 
in favor of the practicability of such lighting on traffic 
thoroughfares. 

Automobile Headlighting. 'The Report reviews de- 
velopments in specifications for automobile headlamps 
to cover the advantageous use of double-filament lamps 
providing depressed beams for use when passing other 
automobiles. 


Trafic Signal Laghting. Recent developments in 
attempts to standardize traffic signal lighting are 
reviewed with indications that material will shortly 
become available which will make possible much 
needed progress in this direction. 

Sign Lighting. 'The rapid advance in the use of 
electricity for sign lighting of a great variety of types, 
with both incandescent and neon tube lamps, is 
reviewed with mention of sky projection. Animated 
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bulletin board types of signs and porcelain enameled 
steel letters for signs are also mentioned. The advent 
of chromium plated sign letters for outdoor use is 
announced. 

Inghting of Building Exteriors. The rapid increase 
in the application of color in the lighting of building 
exteriors is noted with illustrations of some outstanding 
recent installations and with review of tendencies in 
the practise of lighting building exteriors. 

Other Special Types of Lighting 

Brief review of developments in the lighting of rail- 
road yards and railroad signaling is offered. Flood- 
lighting is coming to be the recognized practise for 
lighting railroad yards and light signals are replacing 
semaphores for railroad signaling. The Report reviews 
the application of electric light to lighthouse service. 
In this application, however, electric lighting is handi- 
capped because the optical equipments of many light- 
houses were designed for relatively large area sources. 

Inghting for Aviation. Stating that 5800 mi. of air 


Fig. 5—Sky PROJECTOR 


route are now provided with night flying facilities, the 
Report describes typical installations which include 
beacon lights 10 mi. apart, or closer where required, and 


lighted intermediate landing fields about 30 mi. apart. 


The beacom lights are erected on 50- or 75-ft. steel 
towers at the bases of which are chrome yellow arrows 
56 ft. long to indicate the line of flight. The number of 
the beacon is painted in black on the arrow for daytime 
identification. The beacon light consists of three 
units, a revolving searchlight synchronized with two 
flashing red course lights. The revolving beacon has a 
24-in. parabolic mirror and a 1000-watt, 110-volt T20 
incandescent lamp, designed to yield an average life 
of 500 hr. The beacon develops a beam intensity of 
from two and three million candlepower. Its axis is 
elevated two degrees above the horizontal and it is 
rotated about a vertical shaft by a motor and worm gear- 
ing at a rate of six rev. per min. Auxiliary contactors 
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on the vertical shaft interrupt the current to the course 
lights according to a code by which the pilot identifies 
the beacon. 

Each course light consists of a 500-watt, G40 incan- 
descent lamp in a 14-in. parabolic reflector with a red 
or amber 30-deg. spreadlight cover glass. The electric 
circuits are controlled by astronomical clocks which 


Fic. 6—FLOODLIGHTING OF EDISON BUILDING, PHILADELPHIA, 
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turn the lights on at sunset and off at sunrise. Where 
commercial electric service is not available, two-kw. 
full automatic gasoline engine generators are installed 
in duplicate. In the event of engine failure a relay 
places the stand-by generating unit in operation. 


Intermediate landing fields are marked with a 
revolving beacon, a boundary lighting system, obstruc- 
tion lights, and an internally lighted wind cone. The 
fields usually have two landing strips at right angles to 
each other, each about 500 ft. wide and 2000 ft. long. 


Fia. 7—FLOODLIGHTING FROM ORNAMENTAL STREET LIGHTING 
Posts 


The boundaries of the landing strips are marked by 15- 
watt or larger multiple lamps in clear white refractor 
globes spaced about 300 ft. apart or by series lamps of 
equivalent candlepower. Green range lights mark the 
favorable approaches and 25-watt or larger multiple 
lamps in red globes are mounted on all neighboring 
obstructions. 

To meet the requirements for terminal fields, 425 
airports have been established or are under construction 
by municipalities in the United States. The Depart- 
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ment of Commerce has established an airport section to 
cooperate with city officials for proper selection and 
development of airports. Extensive tests were made 
during the past year in the landing of aircraft at night 
under varying conditions and floodlighting systems. 
The outstanding developments in airport lighting 
during the year were a new system of grouping of incan- 
descent floodlight units on one or more sides of the 
landing field, an intermediate size dioptric floodlight 
unit using the five-kw. incandescent lamp, illuminated 
field markers and wind-direction gages and a 55-ampere 
high-intensity arc floodlight unit with two degrees 
vertical and various degrees of horizontal spread of 
beam. Neon tube beacons and boundary lights have 
been advanced in development during the year and it is 
understood that in Great Britain and Germany they are 
employed very generally in lighting for aviation. A 
practical method has been demonstrated for automati- 
cally controlling landing field floodlights through 
switches actuated by the noise of the airplane or by a 
whistle of distinctive tone mounted on the plane. 
Lighting for Night Recreation. To extend the uses of 
recreational areas into the dark hours, artificial lighting 
is being used more and more. Lighting installations 
for night tennis, football, races, bowling on the green, 
hockey, horseshoe pitching (quoits) and indoor base- 
ball, are numerous and assure the practicability of 
night sports. Extensive investigations at Lynn, Mass. 


Fig. 8—ILLUMINATED CounRT FoR Quoit MATCHES 


indicate that in no very distant future the great national 
game of baseball may be played at night under artificial 
illumination. 

During the past year, special progress has been made 


in the application of artificial light to swimming pools. - 


In addition to levels of illumination of the order of 5 to 
10 foot-candles over the entire pool area to insure 
safety and comfort, it has been found desirable and 
feasible to provide, in the deeper parts, under-water 
illumination from units below the surface. Equipment 
which can be installed quite economically has recently 
been made available for this service. 

Christmas Lighting. This year more attention has 
been paid to decorative Christmas lighting than ever 
before. Over 50 communities conducted contests 
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during the holiday season in the decorative lighting of 
residences, all of which were successful to a greater or 
lesser degree. Greater interest, as manifested by the 
larger number of entries, has come where the contest 
has been divided into several classes or districts so that 
moderate homes were not expected to compete on an 
equal basis with wealthy homes. 

Lighting for Agriculture. The Report reviews the 
present status of knowledge of the application of light 
for purposes of agriculture, indicating need for much 
further experimental work before this application can be 
considered to be thoroughly understood. Some effects 
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which have been observed on plant growth, insect 
destruction, and stimulation of poultry-egg production 
are indicated. 

Ultra Violet Radiation. The application of ultra 
violet radiation for health and industrial purposes is 
discussed briefly with indication of the need for experi- 
mental work and a probable large utility for such 
applications in the future. 

Photometry. 'The Report concludes with a review 
of recent developments in the application of the pho- 
toelectric cell and in methods for photometry of 
projectors. 


. COST OF OIL PRODUCTION REDUCED 


In order to enable it to meet economic conditions and 
competition, the petroleum industry, like many other 
large American industries, has been compelled to study 
ways and means of cheapening the cost of production 
and refining oil. The Bureau of Mines which maintains 
the largest research plant in the world devoted ex- 
clusively to the technology of petroleum, is rendering 
valuable assistance to the industry in the improvement 
of production and technical processes. 

An outline of the various investigations now under- 
way is given in complete detail in a recent extensive 
statement issued by the Department of Commerce. 


INSTITUTE AND RELATED ACTIVITIES 


The Atlanta Regional Meeting 


The program of the Regional Meeting to be held at Atlanta, 
Ga., with headquarters at the Atlanta Biltmore, October 29-31, 
has now taken definite shape. Four technical sessions, one 
general session and a Student session are scheduled. Inspection 
trips and entertainment are also being planned. The complete 
program is given below. 

Four general subjects will be covered in the technical sessions; 
namely, power development, power-system operation, com- 
munication and textile applications. There will be papers also 
on translations between sound and light, radio broadcasting, 
insulator flashover, dynamo design and photoelectric and glow- 
discharge devices. 

The following general committee has charge of the meeting: 
C. O. Bickelhaupt, chairman; T. H. Landgraf, vice-chairman; 
C. E. Bennett, G. N. Brown, H. A. Coles, W. R. Collier, F. M. 
Craft, C. L. Emerson, T. W. Fitzgerald, E. H. Ginn, E. S. 
Hannaford, W. E. Mitehell, O. O. Rae, and G. J. Yundt. 

The program of the meeting as now planned is as follows: 

PROGRAM FOR ATLANTA REGIONAL MEETING 
OCTOBER 29-31 
Monpay Mornina, OCTOBER 29 
Student Activities Session— Prof. E. S. Hannaford presiding: 
Address of Welcome, C. O. Bickelhaupt (Vice-President, 
Southern Distriet, A. I. E. E.) Southern Bell Tel. & Tel. 


Co. 
Student Activities, H. H. Henline, Assistant National Seere- 
tary, A. I. E. E. 


Five student papers on Student Activities. 
General Diseussion. 


MONDAY AFTERNOON, OCTOBER 29 
Power Developments Session: 
Central Power Station Service, W. S. Lee, Duke Power Co. 
Development and Operation of the Southeastern Power & Light 
System, A. T. Hutchins, Southeastern Power & Light Co. 
Translations Between Sound and Light, J. B. Taylor, General 
Electric Co. 


Monpbay EVENING, OCTOBER 29 
General Session (public invited): 
Presentation of Cup for Best Student Paper. 
Introductory Remarks, P. S. Arkright. 
The Existing Radio Problem, Judge E. O. Sykes. 
Science and Research in Telephone Development, S. P. Grace, 
Bell Telephone Laboratories, Inc. 


TuespaYy Mornina, OcToBer 30 
Communication Session: 
Carrier-Current and Supervisory Control on Alabuma Power 
Company's System, E. W. Robinson and W. I. Woodcock. 
Line Characteristics for Carrier Communication, C. A. Boddie 
and R. C. Curtis, Westinghouse Electric & Mfg. Co. 
Impulse Flashover of Insulators, J. J. Torok, Westinghouse 
Electric & Mfg. Co. 
Magnetic Skin Effect in Dynamo Steel, D. P. Savant, Georgia 
School of Technology. 


TUESDAY AFTERNOON, OCTOBER 30 
Entertainment or Inspection Trips, probably ending with a 
Dinner-Dance. 


WEDNESDAY MORNING, OCTOBER 31 
Textile Session: 
Variable-Speed Spinning of Colton Yarns, E. A. Untersee, 
General Electric Co. 
Motor Drives for Cards and Roving Frames, H. W. Reding, 
Westinghouse Electric & Mfg. Co. » 


Electrification of the Textile Industry in the Southeast. 

&. The Relation of the Public Utility to the Teztile Mill, 
A. G. Stanford, Robert and Company, Ine. 

b. Application of Electric Drive in the Textile Mill, E. M. 
Clapp, Central Georgia Power Co. 


WEDNESDAY AFTERNOON, OCTOBER 31 


Power Operations Session: 

Power-Limit Tests on the Southeastern Power and Light Com- 
pany's System, Murray Jones and Robert Treat, General 
Electric Co. 

Application of Auto-Oscillograph Equipment for Power Sys- 
tems, A. Dovjikov, Westinghouse Electric & Mfg. Co. 

Photoelectric and Glow-Discharge Devices, J. V. Breisky and 
E. O. Erikson, Westinghouse Electric & Mfg. Co. 

Short-Circuit Testing on Alabama Power Company's System, 
Its Procedure and Effects on Operation, H. J. Scholz, 
Southeastern Engineering Co., and C. B. Hawkins, 
Alabama Power Co 


The International Illumination Congress 


As per announcement in July issue of the JOURNAL, sixty-one 
delegates, representing Austria, Australia, Brazil, Cuba, France, 
Germany, Great Britain, Holland, Japan, Switzerland, Italy and 
Russia, will assemble in New York City on about September 3, 
to attend the World’s Congress on Illumination, and from Sep- 
tember 5 to 17 will visit numerous cities in the northeastern 
section of the United States, Chicago being ‘‘farthest West’’ on 
the tour. Here, under the auspices of the Commonwealth 
Edison Co. they will be given opportunity to inspect a number of 
local installations such as the illumination of State Street in the 
loop district, the Buckingham Fountain in Grant Park, and of the 
billboard and sign lighting, which have no counterparts elsewhere; 
also a number of boulevard, park and street lignting installations 
which represent the most modern trend. Many other enter- 
tainment features are on the program for the two days in Chicago. 

From Sept. 17 to 20 the twenty-second Annual Convention of 
the Illuminating Engineering Society will act as host to the dele- 
gates in a special technical and all-absorbing program as follows: 

Monday morning, Sept. 17, following the address of weleome 
and other preliminary offices, there will be given the report of the 
Committee on Progress, followed in the afternoon by parallel 
sessions on Natural Lighting and Lighting Practise. Tuesday 
morning will be occupied by a Lighting Service session, paralleled 
with a Laboratory Session. Tuesday evening will be Ladies’ 
Night with supper served at Hart House, demonstrating the 
lighting of home for special occasions, (Lillian E. Eddy), L'Art 
Moderne in Lighting—The Development in Europe (H. Maison- 
neuve and L'Art Moderne in Lighting—The Echo from America, 
(E. H. Bostock). Wednesday morning will be given over to a 
"European Lighting Session," followed in the afternoon by & 
General Session including the Report of the Committee on 
Lighting Legislation, Fundamentals, by L. Sehneider, General 
Lighting Plus, by M. Luckiesh and Lighting and Wiring Re- 
quisiles for Convention Rooms, by W. Sturrock. On Thursday 
morning, September 20, there will be a Lighting Praetise Session, 
including the presentation of the Report of the Committee on 
Light and Safety, and papers entitled T'he Illumination of Snellen 
Charts—an Investigation of Practise and Recommendations for 
Standardization, Artificial Light as an Aid to Surgery and Illumin- 
ation of Endless Caverns,—continued in the afternoon by a 
General Session at which will be presented the report of the Motor 
Vehicle Lighting Committee, and papers on the Brightness of 
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Street Surface as a Factor in Street Illumination, by Preston S. 
Millar, An Investigation of Motor Vehicle Headlighting Require- 
ments, by H. C. Dickinson, and The Transition in Lighting for 
Motion Picture Production, by R. E. Farnham. There will be 
special exhibit of lighting equipment in a section of Convocation 
Half at the University with many other plans for special enter- 
tainment and recreation for all in attendance. 

After this Convention the foreign delegates will go to Saranac 
Inn, New York for a meeting of the International Commission 
on Illumination, Sept. 22-28. 


Widespread Interest in National Fuels 
Meeting 


The Second National Fuels Meeting will be held in the Cleve- 
land Hotel, Cleveland, Ohio, on September 17 to 20, inclusive, 
under the auspices of the Fuels Division of The American Society 
of Mechanieal Engineers. Registration headquarters will open 
early Sept. 17, 1928. 

The first technical session will be held that afternoon. Ses- 
sions in industrial applieations of fuels, heat transfer, powdered 
fuel, and a general session will mark the second days’ activities. 

Wednesday will be occupied with sessions on refractories and 
Stokers, a session on marine praetise, another on central station 
methods and progress and a series of papers treating with the 
fuel problems confronting the railroad men. 

A very interesting program of plant inspection including 
the Fairmount Puinping Station of the Cleveland Water Works, 
the Avon Station of the Cleveland Electric Illuminating Com- 
pany with modern central station consisting of six 3060-hp. 
Stirling “W” type boilers fired with powdered fuel and three 
General Electric 35,000-kw. turbo alternators, (said to be one of 
the most beautiful power stations in the country) and to three 
plants of the American Steel & Wire Company has been arranged 
by the loea] committee. 

The final day will include a trip to the Cleveland Airport 
where special flying manoeuvres will be staged for the visitors. 

Other entertainment has been ably planned. 


Revision of A. I. E. E. Transformer 
Standards 


Section 13 of the A. I. E. E. Standards, ‘Transformers In- 
duction, Regulators and Reactors” has been under revision for 
some time. The suggestions for bringing the standard up to 
date have been developed by a Transformer Subcommittee of 
the Electrical Machinery Committee and approved for distribu- 
tion in report form by the Standards Committee for purposes 
of criticism and suggestion. The most radical change is one 
dealing with “Service Conditions." This was outlined in the 
August JOURNAL, page 617. Pamphlet copies of the proposed 
revised Standard are now available and can be obtained without 
charge by addressed inquiries to H. E. Farrer, Secretary Stand- 
ards Committee, A. I. E. E., 33 West 39th St., New York, N. Y. 


Institution of Electrical Engineers Honors 
President Gherardi in London 


In honor of President Gherardi, on July thirteenth the In- 
stitution of Electrical Engineers gave a luncheon at the Savoy 
Hotel, London. It was attended by 27 prominent electrical 
engineers. 

Lt. Col. K. Edgcumbe, President-elect of the Institution, 
welcomed President Gherardi and referred .to the joint session 
which the two societies had held by transatlantie radio on 
February 15, 1928. This in the future, he thought, would be 
considered a historie milestone, and he spoke in high terms of 
Mr. Gherardi's contribution to the success of the meeting. 

President Gherardi responded, thanking the officers of the 
Institution of Electrical Engineers for the very cordial reception 
given him. He spoke of the work done by engineers as a class 
and the international character of engineering developments. 
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The organization and activities of the A. I. E. E. were also out- 
lined briefly. 

Mr. W. M. Mordey, who was President of the Institution in 
1908, mentioned the early developments in telephony, and said 
the importance of the connection of the two societies by radio 
telephone established in February will increase as time creates a 
better perspective. 


A. I. E. E. Directors Meeting 
The first meeting of the Board of Directors of the American 


‘Institute of Electrical Engineers for the administrative year be- 


ginning August 1, 1928 was held at Institute headquarters, New 
York, on Tuesday, August 7. 

There were present: President R. F. Sehuchardt, Chicago; 
Vice-Presidents A. B. Cooper, Toronto, E. B. Merriam, Sche- 
nectady, H. A. Kidder, New York; Directors I. E. Moultrop, 
Boston, H. C. Don Carlos, Toronto, F. C. Hanker, East Pitts- 
burgh, E. B. Meyer, Newark, N. J., J. Allen Johnson, Niagara 
Falls, A. M. MaeCuteheon, Cleveland; National Secretary 
F. L. Hutehinson, New York. 

The minutes of the Directors Meeting held June 27, 1928, 
were approved. 

A report of a meeting of the Board of Examiners held July 18, 
1928 was presented, and the actions taken at that meeting were 
approved. Upon the recommendation of the Board of Ex- 
aminers, the following actions were taken: 22 Students were 
enrolled; 72 applicants were elected to the grade of Associate; 
three applicants were elected to the grade of Member; 19 ap- 
plicants were transferred to the grade of Member; three appli- 
cants were transferred to the grade of Fellow. 

Approval by the Finance Committee, for payment, of monthly 
bills amounting to $21,762.34, was ratified. 

In accordance with Section 22 of the Constitution, the fol- 
lowing ‘Members for Life” were exempted from future payment 
of dues: Frederick Bedell, E. R. Carichoff, Walter C. Fish, 
F. S. Hunting, Philip A. Lang, Frederick A. Scheffler, H. A. 
Sinclair. 

Approval was given to the definite dates, May 7-9, 1929, for 
the Dallas Regional Meeting, District No. 7 (South West), 
previously authorized. 

A petition to organize a Houston Section of the Institute was 
granted, to include all territory within sixty miles of Houston, 
Texas, plus the portion of Jefferson County lying outside the 
sixty-mile limit. 

Announcement was made of the appointment by the President 
of committees and representatives of the Institute for the ad- 
ministrative year beginning August 1, 1928. (A complete list 
of committees and representatives appears elsewhere in this issue.) 

In accordance with the By-laws of the Edison Medal Com- 
mittee, the Board confirmed the appointment by the President 
of Mr. Samuel Insull as chairman of the Committee and of the 
following members of the Committee to serve for terms of five 
years eaeh, ending July 31, 1933: Messrs. Charles F. Brush, 
D. C. Jackson, and Elmer A. Sperry. Also, conforming to the 
Committee’s By-laws, the Board elected three of its own member- 
ship to serve on the Edison Medal Committee for terms of two 
years each, ending July 31, 1930, namely, Messrs. Bancroft 
Gherardi, H. A. Kidder, and E. B. Merriam. 

Appointment by the President of the following members of the 
Lamme Medal Committee, in accordance with the By-laws of 
that Committee, was confirmed: Charles F. Seott (Chairman), 
H. H. Barnes, Jr., W. L. R. Emmet, C. F. Kettering, P. M. 
Lineoln, E. B. Meyer, L. W. W. Morrow, Elmer A. Sperry, and 
N. W. Storer. 

The following Local Honorary Secretaries were reappointed 
for the two-year term commencing August 1, 1928: W. Elsdon- 
Dew (Transvaal), H. W. Flashman (Australia), A. S. Gartield 
(France), and F. W. Willis (India). 

Recommendations of Student Branch Counselor delegates, 
adopted at a conference held in Denver, during the annua 
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Summer Convention, in June 1928, were presented and were 
approved or referred to the proper committees for consideration 
and recommendation. The following recommendations were 
adopted: (1) That the rules governing the award of Institute 
prizes be revised to provide that a paper, to be eligible for com- 
petition for the ‘‘Prize for Branch Paper," be based upon under- 
graduate work; and (2) that Section 57 of the By-laws be 
amended to include a statement that each Branch should nom- 
inate to the District Vice-President each year a faculty member 
for appointment as Counselor on August 1, but if any Branch 
has not submitted its nomination by July 1, the Vice-President 
in the District should make a recommendation for appointment 
to the President. 

An invitation to be represented at the fourth meeting of the 
Southern Appalachian Power Conference to be held at Atlanta, 
October 8-10, 1928, was accepted. (Mr. W. E. Mitchell, of 
Atlanta, was later appointed as the Institute’s delegate to this 
conference. ) 

Other matters were discussed, reference to which may be found 
in this and future issues of the JOURNAL. 


Honorary Members 


As announced in the July JouRNAL, the Board of Directors of 
the Institute at a meeting held in Denver June 27, 1928, elected 
five distinguished American engineers to Honorary Membership. 

These elections have all been accepted as indicated by the 
following extracts from letters received: 


Tuomas A. EpDIson: 
“I greatly appreciate the honor that has thus been 
conferred upon me, and I hereby beg to advise you of my 
acceptance of such election." 


JOHN J. Carty: 

“This evidence of consideration on the part of my col- 
leagues touches me deeply. It is a distinguished honor for 
which I shall always be grateful. Please convey to the 
Board of Directors my sentiments of sincere appreciation." 


MichRaEL I. Pupin: 

“It is indeed a great honor to me to be an Honorary 
Member of an institution with which I have been connected 
for so many years, and this honor will be forever a source of 
much happiness to me. I accept the honor as a tribute to 
the sincere affection which was always a bond of union 
between the Institute and myself." 


AMBROSE SWASEY: 

“This high honor is greatly appreciated and I am very 
happy to accept. Iam also much gratified to be one of the 
first Americans to receive this honor, and to be named with 
such notable engineers and scientists as Edison, Carty, 
Thomson and Pupin." 


ELimu THOMSON: 

“ I accept the membership, and assure you that I appre- 
eiate most deeply this honor, and eongratulate the Directors 
on having chosen as the other candidates men of such high 
standing in electrical and kindred work. 

I wish you would kindly convey to the Directors of the 
Institute my personal appreciation of the action taken. I 
should have been content to have continued as a member of 
the Institute.” 


ee eS or 


Special Notice Regarding the Lamme Medal 


Attention is called to a brief summary of the provisions for the 
annual award by the Institute of the Lamme Medal published 
on pages 618-19 of the JounNAL for August 1928. 

The time between the adoption of the By-laws of the Lamme 
Medal Committee and the date by which they provide that 
names should be submitted is so short that an extension has been 
made for this year, and the Committee will consider all names 
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received by the National Secretary on or before October 15, 1928. 
The Medal is to be awarded to a member of the Institute ‘‘who 


_ has shown meritorious achievement in the development of elec- 


trical apparatus or machinery." 

Names of members of the Institute who are considered suitable 
eandidates for the Lamme Medal may be submitted by any 
member in accordance with Section 1 of Article VI of the By- 
laws of the Committee, whieh was quoted in the item referred 
to above. 


The New Institute of Chemistry 


The Institute of Chemistry of the American Chemical Society, 
which closed its second session at Northwestern University, 
Evanston, Illinois, on August 18, has proved its usefulness both 
to academic and to industrial chemists, according to Director 
Frank C. Whitmore. 

At Evanston hundreds of chemists from all over the country 
have listened to the up-to-date presentation of the latest develop- 
ments in chemistry of every kind. 

Much of the success of the Institute ean be credited to Sir 
James Colquhoun Irvine, of the University of St. Andrews, 
Scotland. Sir James lectured to the Institute practically every 
day on the greatest variety of subjects, ranging from his own 
specialty of carbohydrates to problems in chemical education. 


PERSONAL MENTION 


WiLL E. MEvarKey, formerly of Oakland, Calif., has removed 
to Honolulu where after October 1, he will represent the General 
Eleetrie Company, with W. A. Ramsay, Ltd. 

WiLLIAM McCLELLAN, Past-president of Institute and senior 
partner of McClellan & Junkersfeld, Inc. has merged his com- 
pany with the Division of Construetion and Engineering of 
Stone & Webster, Inc., under the new company name of Stone & 
Webster Engineering Corporation. Mr. MeClellan will prob- 
ably eontinue at his old address for several months. 

GeorGce M. Marr has resigned his position as manager of 
Marine Sales with Chas. Cory & Son, Inc. and accepted a posi- 
tion as Director of Engineering and Sales, Department of Fire 
Protection Systems, Fyre-Freez Corporation, New York City. 
In his new position, Mr. Marr will specialize on the installation 


of Fire Detection and Fire Extinguishing Systems aboard ship. 


PavL C. Sorssy, for over fifteen years associated with the 
General Electric Company in various capacities, both in this 
country and abroad, announces he has opened an office in 
Augusta, Ga., specializing in electrical testing and maintenance 
work. Mr. Sorsby is one of the General Electric Company's 
veteran electrical construction and trouble men in Atlanta 
district. 


Obituary 


Johan Marinius Andersen, president of the Albert & J. M. 
Andersen Mfg. Co. of Boston, Mass. and an Associate of the 
Institute (1908) died July 25 in that city. 

Mr. Andersen was a native of Norway, born November 28, 
1855 at Barre. He came to the United States at an early age 
and in 1880 started his work with Albert Andersen of Boston. 
Until 1889 he designed and constructed various kinds of power 
presses, machinery and tools for working sheet metal and wire. 
He then became a partner of the firm of Albert & J. M. Andersen, 
which, in 1896 was reincorporated the Albert & J. M. Andersen 
Mfg. Company, with Mr. J. M. Andersen as treasurer. It was in 
1889 that Mr. Andersen first undertook a study of the develop- 
ment of the electrical industry in the United States, designing 
and constructing many electrical apparatus including equipment 
for overhead electric railways, elevated and subway construc- 
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tions, switches, motor-operated and other electrical devices for 
use in power stations, manufacturing plants and elsewhere. For 
many years he served his own company aselectrical engineer, also 
acting in a consulting capacity for the installation and construc- 
tion of other electrical apparatus. He was a member of The 
American Society of Mechanical Engineers, the Engineers Club 
of Boston and the Boston Athletic Association. 

Frank Rowland Shepherd, well known in electrical circles 
of New Zealand died suddenly at Auckland late in July. 

Born at Ramsgate in 1872, Mr. Shepherd went to Australia 
as a young man, following electrical engineering in Sydney until 
1901, when he removed to Dunedin. He superintended the 
construction of the Roslyn tramway scheme, said to be the first 
electric tramway installation in New Zealand, and later the tram- 
way schemes for the Dunedin City Corporation. Some years 
ago he was appointed chief electrical inspector and advisor to the 
Fire Underwriters’ Association of New Zealand with headquarters 
at Wellington. Mr. Shepherd was actively engaged in electrical 
work until a few months ago and during the course of his official 
duties visited practically all the electrical undertakings in the 
Dominion of New Zeland. He was also a member of the Wire- 
men's Registration Board, having filled a place on the board since 
its inception. He joined the Institute as an Associate in 1903, but 
in 1913 was transferred to the grade of Member. 

Allen M. Schoen, chief engineer of the Southeastern Under- 
writers’ Association and for the past fifteen years a Fellow of the 
Institute, died suddenly the morning of August 15, at his home 
in Atlanta, Georgia. 

He was born at Richmond, Va., in 1869, and was graduated 
from the Virginia Military Institute as a civil engineer in 1889. 
He entered the railway service as a bridge construction engineer, 
but shortly thereafter gave up civil engineering and entered the 
shops of the General Electric Company. From 1889 to 1890 he 
was assistant in the office of the chief engineer of the Seaboard 
Air Line Railway and from February 1890 to the spring of 1891 
was its Assistant Engineer of Construction. 

Electrical work with the Taylor Electric Company of Rich- 
mond led in 1892 to his taking an expert course with the Thomp- 
son-Houston Electric Company, Lynn, Mass. From this work 
he returned to central station engineering in Georgia until 
August 1892 shortly thereafter becoming assistant superinten- 
dent of the Richmond Railway and Electric Company, Rich- 
mond, Va. Successive positions of Electrical Inspector, chief 
electrician and engineer and chief engineer were included in his 


work with the South Eastern Underwriters’ Association until . 


1910. Taking up his electrical inspection work when the use of 
electricity was comparatively new, he played an important part 
in getting Southern cities and towns to adopt ordinances govern- 
ing installation and important inspection requirements. He was 
author of Schoen’s Manual of Electricity, designed chiefly as a 
guide to electricians and local electrical inspectors, and popular 
as a valuable contribution to electrotechnical literature. 

Mr. Schoen was a charter member of the committee which 
formulated the national electrical code and served also upon the 
subsequent national electrical code committee of the National 
Board. He was a member of the governing committee of the 
Central Traction and Lighting Bureau and was for many years 
active in the National Fire Protection Association, of which last 
May he was elected president. For 15 years Mr. Schoen was 
doing general consulting engineering in the southern states with 
no inconsiderable practise in the special field of electrolysis. 
During the World War he attained the rank of a Class A Major 
of the Pioneer Engineers and was also a member of the Advisory 
Board of the United States Railroad Administration. He has 
served the Institute faithfully for many years in the varying 
capacities of Chairman of the Atlanta Section, several times 
Section Delegate, Manager 1906-1909 and from 1919 to 1920 
one of its Vice-Presidents. He was an indefatigable worker 
possessed of a high sense of duty; a man who knew the meaning 
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of opportunity and who made the most of every such occasion 
with painstaking, conscientious application to all matters, 
whether important or relatively insignificant. 

William Maver, Jr., electrical engineer and expert in tele- 
graphy in Jersey City and Fellow of the Institute since 1912, 
died August 8 at the age of 77. 

Mr. Maver was born at Forfar, Seotland, but when he was but 
six years old, his parents moved to Montreal, where he received 
most of his schooling in electricity and the sciences. After 
serving in the Fenian raid eampaign in 1865, for which he was 
the holder of & veteran's medal, he came in 1873 to New York to 
become electrical advisor for the Western Union Telegraph 
Company; later he was associated with the Safety Insulated 
Wire and Cable Company, the Consolidated Telegraph and 
Electrical Subway Company, the New York Heat, Light & 
Power Company and the Baltimore and Ohio Telegraph Com- 
pany. He was owner of & publishing company bearing his name, 
a member of the New York Electrical Society, Association of 
Railway Telegraph Superintendents, Old Time Telegraphers 
and Historical Association, the New Jersey State Chess Asso- 
ciation and St. Andrew's Society. From 1877 to 1879 he was 
captain of the American Athletic Club and was also a member of 
the Canadian Club of New York. Some of his contributions to 
technical literature are “The Quadruplex and Other Articles 
on Telegraphy" “Practical Systems of Electrical Telegraphy,” 
"Ameriean Telegraphy and Encyclopaedia of the Telegraph,” 
‘‘Maver’s Wireless Telegraphy and Telephony" and ‘Progress 
in Wireless Telephony." His text books have been in use in 
colleges and by the Signal Corps of the United States Army. 
Mr. Maver was counted an electrical publie utility expert and 
was advisor in many electrical patent litigations. 

John George Pertsch, Jr., Professor of Electrical Engineer- 
ing, Cornell University and a member of the Institute since 1911, 
lost his life in attempt to rescue & young woman from drown- 
ing while in bathing August 24, 1928. His death was at- 
tributed to a sudden heart attack. Professor Pertseh was born 
in Baltimore, Md., December 1, 1887. His summer vacation 
in 1907 after graduating from the publie schools of Baltimore, 
was spent in the repair shops and substations of the Consolidated 
Gas, Electric Light & Power Co. In 1908, he was electric power 
station attendant for the Consolidated Electric Company, Balti- 
more, and in 1909 the summer months, June toAugust inclusive, 
were spent in the Pittsburgh shops of the Westinghouse Electric 
& Mfg. Co., working on high-tension breakers. In 1909 he 
graduated from the Baltimore Polytechnie Institute, in Electrical 
Engineering and that year also obtained a degree of M. E. from 
Cornell University, to which he went in pursuit of graduate work 
in Electrical Engineering. From Sept. 1909 to June 1910 he was 
Assistant Instructor in the Department of Electrical Engineering 
at Cornell under Professor H. H. Norris, and that summer's 
vacation was spent in the Schenectady Works of the General 
Eleetrie Company, testing alternating and continuous current 
generators and motors, and in the Fall he was ehosen Instructor 
in "Theory and Characteristics of Electrical Machinery" at 
Cornell, under Professor Norris and Professor Karapetoff. 
Professor Gray of Cornell once said of Professor Pertsch, ‘‘He is 
one of my best assistant professors," and anyone knowing Pro- 
fessor Pertsch personally and acquainted with his unusual 
ability and application can well understand why this was true. 
Only the highest commendation has been given to all work 
which he has undertaken. He was a man of integrity, ability 
and application, and his loss will be deeply felt in all circles which 
his wide experience embraced. He was the author of ‘Critical 
Review of the Bibliography on Unbalanced Magnetic Pull in 
Dynamo- Electric Machines, A. I. E. E. Transactions, Vol. 37, 
1918, beside many contributions to the Sibley Journal of Engi- 
neering, a member of the Society for the Promotion of Engineer- 
ing Edueation, a Sigma Xi, Eta Kappa Nu and Phi Kappa 
Phi fraternities. 
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The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the Amertcan Soctety of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 


most of the important periodicals in tts field. Itis housed in the Engineering Societies Building, 29 West Thirty- 


ninth St., New York. 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, coptes or translations of articles, and similar assistance. 


cuales sufficient to cover the cost of this work are made. 


he Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 
The Director of the Library will g 


A rental of five cents a day, plus transportation, ts charged. ; 
ladly give information concerning charges for the various kinds of service to 


those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what ts desired. 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 5 p. m. 


BOOK NOTICES, JULY 1 TO JULY 31, 1928 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume re- 
sponsibility for any statement made; these are taken from the 
preface or the text of the book. 

All books listed may be eonsulted in the Engineering Societies 
Library. 


ANALYTIC GEOMETRY. 

By R. L. Borger. N. Y., MeGraw-Hill Book Co., 1928. 
334 pp., diagrs., 7 x 5in., cloth. $2.50. 

The purpose of this book is to present the material so that the 
student will be led to acquire the habit of considering every 


problem from its geometric as well as its algebraic aspect, and to 
recognize that each throws a light upon the other. 


Business CYCLES, THE PROBLEM AND ITS SETTING. 

By Wesley C. Mitchell, N. Y. National Bureau of Economie 
Research, 1928. 489 pp., diagrs., 9 x 6 in., cloth. $6.50. 

This book takes up current theories of business cycles, present 
day economie organizations, the analysis of modern statistical 
methods and business indexes, gives à summary of world-wide 
historical records and a working concept of business cycles. 

The general plan of this work is similar to an earlier book on the 
subject by the same author, but the statistical data have proved 
so extensive that it will be published separately in a series of 
volumes instead of being included with the theoretical discussions. 


Cove ron ELECTRICITY METERS. 

Prepared by a Sectional Committee according to the procedure 
of the American Engineering Standards Committee under the 
joint sponsorship of the Association of Edison Illuminating 
Companies, National Electric Light Association, United States 
Bureau of Standards. Third edition. N. Y., National Electric 
Light Association, 1928. 122pp.,9x6in., cloth. $2.00. 


This third edition of the Code for Electricity Meters is a 
completely revised and rearranged compilation of the second 
edition, issued in 1912, and the section on Demand Meters, 
issued in 1920. The 1912-20 edition of the Code was approved 
as American standard by the American Engineering Standards 
Committee in July, 1922. 

The main sections are as follows: Definitions; Standards; 
Metering; Specifications for Acceptance of Types of Electricity 
Meters; and Auxiliary Apparatus for Use with Meters; In- 
stallation Methods; Watthour Meter Tests Methods; Laboratory 
and Service Texts; and Demand Meters. 


THE COLLOIDAL SALTS. 
By Harry Boyer Weiser. N. Y., McGraw-Hill Book Co., 
1928. 404 pp., diagrs., tables, 3 x 6 in., cloth. $5.00. 


This book is a critical summary of the colloidal behavior of the 
salts with particular reference to their role in the study of 
colloid chemical phenomena and to the theory underlying their 
technical application. The first part of each section is devoted 
to a critical survey of the colloidal characteristics of the individual 
salts and the second part to the general theory of the applications 
which are concerned with their colloidal behavior. The volume 


is intended as an aid to students and research workers in both 
theoretical and applied science. 


THE ELEMENTS OF ASTRONOMY. 

By Edward Arthur Fath. 2nd Edition. N. Y., McGraw-Hill 
Book Co., 1928. 323 pp., illus., diagrs., 9 x 6 in., cloth. $3.00 

This book is intended for college students who have had little 
mathematics. The metric system has been used throughout, 
but the English units are also given. This second edition 
includes all important advances to the end of 1927, and has a new 
set of star charts that have been prepared especially for this book. 


THe ELEMENTS OF INDUSTRIAL ENGINEERING. 
By George Hugh Shepard. Bost., Ginn and Co., 1928. 
541 pp., diagrs., tables, 9 x 6 in., cloth. $4.80. 


In the preparation of this work, the writer had three distinet 
purposes: (1) to reduce industrial engineering to à few definite 
and comprehensive principles by which the engineer ean analyze 
any situation in management and synthesize the procedure; 
(2) to bring students immediately into working contact with 
these principles; and (3) to cause them to learn the principles 
praetieally by using them in their daily lives. 

Some of the Chapter headings are as follows: III. Campus 
activities as a part of a student's education. V. Adaptation of 
conditions and work to each other. IX. Higher Common Sense. 
XI. Personnel. XII. Organization. XIII. Standards. XV. 
'T he Fair Deal. 


ELEMENTS OF PuysIcs. 

By A. Wilmer Duff and Henry T. Weed. N. Y. Longmans, 
Green and Co., 1928. 565 pp. illus., diagrs., 8 x 5 in., cloth. 
$2.20. 


In this elementary text book on physies, the authors have 
placed a few questions after each paragraph in order to test the 
student’s understanding of what has been read. Exercises and 
problems are given at the end of each chapter, and pictures of the 
applications of physical principles have been included in order 
to awaken interest in physics as a study. 


ENGINEERS. 
N. Y., Neo-Techni Research Corporation. 
diagrs., tables. 12 x 9 in., cloth. $25.00. 


This book lists the engineers in corporations with their official 
duties and connections. It gives the essential engineering data 
for each branch of engineering, and a directory of materials and 
equipment for industrial and power plants. "There is also & 
section devoted to mathematical tables and a list of universities 
of engineering with the names of the presidents and the engi- 
neering faculty. The book is divided into five sections, separately 
paged. 

ENGINEERING AERODYNAMICS. 

By Walter S. Diehl. (Ronald Aeronautic Library) N. Y. 
Ronald Press Co., 1928. 298 pp., illus., diagrams, 9 x 6 in., 
cloth. $5.00. 


This book has been written to supply the demand for more 
practical information on aerodynamics in form suitable for 
direct application by aircraft designers and advanced students in 
aeronautical engineering. The author has tried to include as 
much new material as possible and to avoid the inclusion of 
well-known or easily obtained data. The conventional treat- 
ment of elementary aerodynamical problems has been omitted. 


1928. Illus., 
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INTERMEDIATE ELECTRICITY AND MAGNETISM. . 
By R. A. Houstoun. Lond., Longmans, Green and Co., 1928. 
170 pp., illus., diagrs., 8x 5 in., cloth. $1.75. 


This work is intended for use in intermediate grades of uni- 
versities. Each chapter is followed by a set of problems and at 
the end of the book are given examination questions from the 
intermediate examinations at London University. 


THE LINEMAN’sS HANDBOOK. 
By Edwin Kurtz. N. Y., McGraw-Hill Book Co., 1928. 
547 pp., illus., diagrs., tables, 8 x 5 in., cloth. $4.00. 


This book is written especially for linemen, foremen and other 
employees of line departments. It is intended for home study, 
covering construction and maintenance procedure and methods. 
The author has avoided technical terms as far as possible, and a 
large number of illustrations showing the various steps in the 
operations described, has been provided to assist the reader to 
understand the text. 


MATHEMATICS IN LIBERAL EDUCATION. 

By Florian Cajori. Bost., Christopher., Publishing House, 
1928. 8x 5in., cloth. $1.50. 

This book is a review of the statements of prominent men of 
all ages on the effect of mathematics in liberal education. In 
this historical study of the question, the author has quoted 
names and opinions of those in favor of mathematics as well as 
those opposed to mathematics. 


MoperRN PicrureE THEATER ELECTRICAL EQUIPMENT AND 


PROJECTION. 

By R. V. Johnson. 2nd Edition. Lond., Crosby Lockwood and 
Son, 1927. 189 pp., illus., diagrams, 9 x 6 in., cloth. 10/6. 

This is not a scientific textbook, but is intended for architects, 
theater owners, theater operators and electricians. It takes up 
primary, secondary and effect lighting of theaters, the motion 
picture projection room and projection machine, with all the 
necessary electrical equipment. 
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INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


PETROLEUM AND ITs PRODUCTS. 
By William A Gruse. N. Y., McGraw-Hill Book Co., 1928. 
377 pp., 9 x 6 in., cloth. $4.50. 


This book starts with a general description of the types of 
petroleum, their chemical constitution, physical properties and 
origin. The author then discusses refining by distillation, 
chemical methods, absorption and cracking. The last part 
includes gasoline and motor fuels, kerosene, lubrication and 
petroleum lubricants, petroleum wax and petrolatum, fuel oil, 
petroleum asphalts and miscellaneous petroleum products. 
It is intended as a textbook on the chemistry of American 
petroleum. 


Tue Puysics or CRYSTALS. 

By Abram F. Joffe. Edited by Leonard B. Loeb. N. Y. 
McGraw-Hill Book Co., 1928. 198 pp., diagrs., 9 x 6 in., cloth. 
$3.00. 


This book comprises a series of lectures given at the University 
of California, and contains the results of investigations carried on 
for the last twenty-five years. It covers a limited portion of the 
field of the elastic and electrical properties of solids. It gives 
the phenomena that tend to confirm the electrical theory of 
crystals, and the phenomena that, although they do not contra- 
dict the theory, are not completely explained by it. 


RADIOAKTIVITAT. 


By Stefan Meyer and Egon Sehweidler. 2nd edition. Leip- 
zig, B. G. Teubner, 1927. 721 pp., diagrs., tables, 9 x 6 in., 
eloth. 36 rm. 


This book discusses the processes in radio active transformation 
and radiation and the methods of measuring it. The various 
radio active substances are included as well as the subject of 
radio activity in geophysics and eosmo-physies. Bibliographies 
are given at the end of each section. 
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Engineering Societies Employment Service 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 


ing with the Western Society of Engineers. 


The service is available only to their membership, and is maintained as a coop- 


erative bureau by contributions from the societies and their individual members who are directly benefited. 


Offices:—381 West 39th St., New York, 


N. Y.—W. V. Brown, Manager. 


1216 Engineering Bldg., 205 W. Wacker Drive, Chicago, Ill., A. K. Krauser, Manager. 
57 Post St., San Francisco, Calif., N. D. Cook, Manager. 
MEN AVAILABLE.— Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 
period of 


three months and are renewable upon request. 


Names and records will remain in the active files of the bureau for a 


Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 15th day 


of the month 


OPPORT UNITIES.—A Bulletin of engineering positions available is published weekly and is available to 


members of the Societies concerned at a subscription of $8 per quarter, or $10 per annum, payable in advance. 


Posi- 


tions not filled prompily as a result of publication in the Bulletin may be announced herein, as formerly. 
VOLUNTARY CONTRIBUTIONS.—Members obtaining: positions through the medium of this service are 
invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year's salary; temporary positions (of one month or less) 
three per cent of total salary received. The income contributed by the members, together with the finances appropriated 
by the four societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service. 
REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 


to the Employment Service as above. 
filled will not be forwarded. 


Replies received by the bureau after the positions to which they refer have been 


POSITIONS OPEN 


ELECTRICAL ENGINEER, young, as 
physicist with analytical mind and preferably 
with experience on induction disk motors, re- 
search and development group. Apply by letter. 
Salary $300 a month. Location, East. X-5170. 

RECENT GRADUATES in electrical engi- 
neering or in physics who have had some ex- 
perience in meter work and instruments, and who 
wish to specialize therein. Work of the labora- 
tory covers practically the entire field of electrical 
measurements. Opportunity for advancement. 
Apply by letter, giving complete details of educa- 


tion, training and experience. Location, East. 
X-5543. 


MEN AVAILABLE 


ELECTRICAL ENGINEER. Technical 
training. 19 years' experience in industrial power 
applications in steel mills. Capable of laying out 
substations, switchboards, cable systems and 
motor applications, including specifications for 
equipment required. Desires a position in the 
engineering or power department of a large 
industrial company. Location preferred, Middle 
West. C-4847. 


ELECTRICAL ENGINEER, graduate of 
University of Colorado last June. desires a position 
in an engineering organization, manufacturing or 
utility company which will lead toward advance- 
ment to executive position. Location. imma- 
terial; West preferred. C-4835. 


GRADUATE ELECTRICAL ENGINEER, 
34, marríed, 11 years' experience, desires position in 
operating department of public utility or in 
applied research department with industrial 
concern. Location, immaterial. B-7223. 

ELECTRICAL ENGINEER, E. E. degree, 
desires position with public utility or engineering 
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concern requiring executive ability and an an- 
alytical mind. Twelve years’ experience covering 
engineering design and valuation of power plants, 
substations, transmission and distribution sys- 
tems. Available immediately. Location, East. 
B-389. Í 

ELECTRICAL ENGINEER, graduate, 22, 
single, and in A-1 health, good draftsman, sales 
personality and a year's experience on Westing- 
house Test, desires a permanent position with a 
public utility, mining or manufacturing company. 
Willing to start on a moderate salary. Location, 
immaterial. Excellent references and available 
on two weeks’ notice. C-3678. 

MECHANICAL, ELECTRICALENGINEER, 
registered New Jersey and Pennsylvania, M. I. T. 
graduate, married. American ancestry. Valuable 
experience handling men, reoganizing and reducing 
costs, especially necessary, non-productive de- 
partments; design, construction, maintenance 
metal working, textile factories: steam, water 
power plants, fire protection, heating, ventilating, 


lighting. electric power; rerouting, material 
handling, cost analysis, engineering statistics, 
etc. B-5714. 


CONSTRUCTION MANAGER, graduate, 15 
years’ public utility experience, open for connec- 
tion as construction manager, chief engineer, 
operating executive for operating company. Can 
bring complete, experienced organization, financial, 
Clerical and technical, to handle construction 
force of 500 men on power plant, transmission 
line and substation construction. A-2191. 


APPRAISAL ENGINEER, expert; graduate 
electrical engineer; 10 years’ experience compiling 
detail cost analyses. construction estimates, 
inventories and valuations of plants and equip- 
ment owned by electric and gas public utilities 
for bankers reports, classified accounting systems. 
continuous physical property records, rate and 
capitalization cases. Formerly with New York 
State Public Service Commission. B-9636. 


ELECTRICAL AND MECHANICAL ENGI- 
NEER, 34, married. Technical University grad- 
uate, 5 years’ experience in design and construc- 
tion of power plants and substations, 2 years 
responsible position with electrical railway, 3 
years public utility. Practical type of man. 
Speaks and writes French and German fluently, 
working knowledge of Spanish. Ability to 
handle men. Now employed, available on 
reasonable notice. C-4046. 


ELECTRICAL ENGINEER. 35. married. 
Rensselaer Poly. Inst. graduate, having broad 
experience in Public Utility work consisting of 
management, design, construction and operation. 
Qualifications good for a supervising engineer or 
district manager. C-4936. 

ELECTRICAL ENGINEER, American, 48 
years old. Street railway, main line electrifica- 
tion. mining and public utilities. 20 years in 
Latin America as engineer and manager. Did 
considerable Diesel engine and refrigeration work. 
B-5912. 


ELECTRICAL ENGINEER, 29, married, 
five years with Western Electric Company, 
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MEMBERSHIP —Applications, Elections, Transfers, Etc. 
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APPLICATIONS FOR ELECTION 


"^ Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a higher grade than Asso- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Secretary before September 30. 1928. 


INSTITUTE AND RELATED ACTIVITIES 


Switchboard Department; three years with 
utility company, construction of power plant and 
33-kv. and 66-kv. substations. Experience in 
installation of carrier current telephone gand 
metallic telephone for transmission. Location, 
United States. C-4831. 

MECHANICAL ENGINEER, 24, graduate of 
Cornell University with two years’ of boiler room 
and plant maintenance experience in a water-gas 
plant of 20.000.000 cu. ft. capacity, wants per- 
manent position with engineering firm. C-1769. 

ELECTRICAL ENGINEER, 23, married, 
graduate E. E. Hydroelectric, steam plant and 
extensive test experience; one year distribution 
engineering, overhead lines; employed at present 
by large utility; desires position affording op- 
portunity for advancement with reasonable 
compensation. Available on short notice. Good 
references. Location, immaterial. C-4921. 

ELECTRICAL ENGINEER, 23, B. S.in E.E.. 
from University of Wisconsin, 1928, desires 
position with good opportunity for advancement. 
Lack of experience compensated for by eagerness 


to learn employers methods. Available im- 
mediately. Location, preferred, United States. 
C-4905. 


MANUFACTURING EXECUTIVE seeks 
connection with a future. Graduate in both 
Electrical and Mechanical Engineering. Eight 
years' experience on design of small electrical 
apparatus. Two years as manufacturing engi- 
neer of a large department. Six years as pro- 
duction manager of a large plant. Thoroughly 
experienced in handling iabor and controlling 
modern manufacture. C-4587. 

ELECTRICALCOMMUNICATION TEACH- 
ING OR RESEARCH. Age. 30, married. Three 
and a half years at Bell Telephone Laboratories. 
Ph.D. in Physics with special attention to 
acoustics and electricity. One year technical 
writing, reporting current communication de- 
velopments. Qualified to give graduate and under- 
graduate communication courses and do re- 
search on audio-frequency problems. C-4919. 

ELECTRICAL MECHANICAL ENGINEER, 
graduate. 25, single. One year Business Ad- 
ministration Course. Two years’ experience in 
Electrical Railroad, Power Stations. construction, 
testing, design. At present connected with 
Consulting Engineers doing Railroad Evaluation. 
Speaks French, German, Spanish. Location, 
South America or Europe. C-4892. 

ELECTRICAL ENGINEER, 31, graduate, 
Norwegian. ‘Two yeirs' experience in substation, 
power plant equipment, such as shop work on 
power transformers, relay testing, structure, 
switchboard diagrams; 134 years’ experience as 
electrical engineer, Westinghouse. electric loco- 
motive equipment. Desires position in Engi- 
neering department of public utility company or 
electric railway concern. Speaks French and 
German. Excellent references. |CC- 4942. 

ELECTRICAL ENGINEERING  GRAD- 
UATE, eight years out of college, with experience 
in General Electric Test Course. designing and 
layout of outdoor substations, switching structures 
and distribution, desires position. |. B-8622. 


Baker, J. R., Pennsylvania Water & Power Co., 
Baltimore, Md. 

Beck, B., United Metal Box Co., Brooklyn, N. Y. 

Betancor-Suarez, A.. (Member), Compania Cu. 
bana de Electricidad, Havana, Cuba 

Bouvier, G. A., (Member), Western Electric Co., 
Inc., Chicago, Ill. 

Bozic, A J., American Gas & Electric Co., 
New York, N. Y. 


Brace, P. H., Westinghouse Elec. & Mfg. Co., 
Co., Pittsburgh, Pa. 
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AVAILABLE FOR ENGINEERING-BUS- 
INESS CONNECTION. Technical graduate, 
29, B. S., E. E., 1923, with business school training 
and five years of electrical manufacturing and 
electric utility experience, invites proliminary 
correspondence for the confidential exchange of 
additional information relative to positions of an 
engineering-business nature. Utility, industrial, 
investment banking. Now employed.  B-8991. 

STEAM AND HYDROELECTRIC DE- 
SIGNER, 34. married. Technical graduate 
eleven years’ experience on design, construction 
and operation of large steam and hydro-electric 
power plants from preliminary designs and 
estimates to completed plant. Desires permanent 
position in responsible charge of work. Location, 
immaterial. C-4868. 

ELECTRICAL ENGINEER, 31, graduate, 
married; 6 years’ high tension, substation, trans- 
mission line layout, design, material; 2 years with 
architect. complete plants, specifications, engi- 
neering, wiring for light, power, signals, for 
theaters, office buildings, hotels, apartments; 
1 year full charge electrical installations big 
buildings for contractor. Qualify as estimating 
engineer anywhere in United States. B-4217. 

EXECUTIVE OR ELECTRICAL ENGI- 
NEER, 40. married. 14  years' experience 
covering design, construction and maintenance, 
distribution and transmission systems, substations 
and generating systems, equipment sales, pur- 
chases, statistics and special reports. Desires 
connection with public utility or manufacturing 
concern. Southern or Central States preferred. 
B-9480. 


ELECTRICAL ENGINEER AND SUPER- 
VISOR, 32, broad experience with utilities in 
both office and field, desires new connection in 
responsible position, such as assistant manager or 
electrical superintendent. Excellent record. 
Available at short notice. Salary $3600. B-5505. 


ELECTRICAL ENGINEER, 25, single, desires 
position with public utility or industrial concern. 
Two years drafting and designing of central and 
substations with public utility company: two 
years drafting and designing of central and sub- 
station and electrical installations for lumber mills 
and factories with industrial concern; one year as 
assistant electrical engineer with manufacturing 
company. C-3713. 


SALES EXECUTIVE, 40, graduate electrical 
engineer with commercial school training, West- 
inghouse apprenticeship, eight years’ factory and 
construction experience, nine years’ very successful 
sales and executive experience in mechanical and 
electrical lines. Pleasing personality, good organ- 
izer, able to handle men. Extensively traveled, 
well read. speaks Spanish and French. B-3065. 


ELECTRICAL-MECHANICAL ENGINEER 
with fifteen years’ broad engineering, construction’ 
and maintenance experience. Experience covers 
hydroelectric. industrial, textile, refrigeration 
and machine shop. Nota college griduate but 
can furnish excellent references as to character 
and ability. Available on short notice. Salary 
open to negotiation B-&8601. 
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Campbeli, E. O., Brooklyn Edison Co., Brooklyn, 
N. Y. 

Carr, J. P., Department of City Transit, Phila- 
delphia, Pa. 

Conard, W., Board of Transportation, Long 
Island City, N. Y. 

Conner, J. C., U. S. Engineers Offlce, War Dept., 
Washington, D. C. 

Dick, S., The Okonite Co., Dallas, Texas 

Draffin, G. F., Westinghouse Internacional Elec- 
tric Co., East Pittsburgh, Pa. 
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Durfee, I. W., Commonwealth Utilities Corp., 
Denver, Colo. 

Engel, G. H., Thos. E. Murray, Inc., New York, 
N.Y. 

Falck, K. J. OC., I. I E. Circuit Breaker Co., 
Philadelphia, Pa. 

Feick, C. G. E., Northern Electric Co., Montreal, 
Que., Can. 

Fishberg, 3., Aerovox Wireless Corp., Brooklyn. 
N. Y. 

Flatman, G. J.. (Member), Ohio Electric Power 
Co., Sidney, Ohio 

Gedanic, J. F., Premier Red Ash Coal Corp., 
Red Ash, Va. 

Goutink, N. J., 3729 93rd St., Elmhurst, N. Y. 

Halliday, U. N., Pacific Electric Mfg. Corp, 


Portland, Ore. 

Hamilton, S., Eiseman Magneto Corp., Brooklyn, 
N.Y. 

Herold, A. J., Electric Distribution, City of 


Fairbury, Fairbury, Nebr. 

Iwe, H. G.. Westinghouse Elec & Mfg. Co. 
East Pittsburgh, Pa. 

Jordan, A. H., General Electric Co., West Phila- 
delphia, Pa. 


Kaplan, L. J., Coverdale & Colpitts, New York, 
N.Y. 

Klatte, A. J., (Member), Chicago Surface Lines, 
Chicago. IIl. 

Liebert, H., Brooklyn Manhattan Transit Co., 
Brooklyn, N. Y. 

Miller, R. C., Pennsylvania Power & Light Co., 
Wilkes-Barre, Pa. 

Miramontes, F. C., Office of City Engineer. Red- 
wood City, Calif. 


INSTITUTE AND RELATED ACTIVITIES 


Morgan, A. B., National Electric Light Asso- 
ciation, New York, N. Y. 

Morro, J. J., City Radio Stores, New York, N. Y. 

Nixon, G. M., Electcic Storage Battery Co., New 
York, N. Y. 

Rockwell, G. O., Commonwealth Utilities Corp., 
Denver, Colo. 

Scanlon, J. L., Electrical Sales Engineer, Buf- 
falo. N. Y. 

Sears, J. J., Brooklyn Edison Co., Brooklyn, N. Y. 

Slack, R. C., Appalachian Electric Power Co., 
Charleston, West Va. 

Smith, B. J.. Williamsburg Power Plant Corp., 
Brooklyn. N. Y. 

Soderberg. C. R., (Member), Westinghouse Elec. 
& Mfg. Co.. East Pittsburgh, Pa. 

Soukaras, K. M., 101 W. 58th St., New York, 
N.Y. 

Spraggon. J. H., Westinghouse Elec. & Mfg. Co.. 
New Haven, Conn. 

Squires, W. H., Oil Production. Casey, Ill. 

Watson, A. D.. Delacarlia Hydroelectric Plant, 
Washington. D. C. 

Weber, V. G., Myers Electric Works, Portland, 
Ore. 

Wilson, C. T. R., Yamachiche Baum Sta., Cana- 
dian Marconi Co., Montreal, Que., Can. 

Total 45 


Foreign 
de Sousa, A. M., Sao Paulo Tramway. Light & 
Power Co., Ltd., Sao Paulo, Brazil, S. A. 
Grant, L. C., (Fellow), Merz & McLellan, 
Newcastle-on-Tyne, Eng. i 
Gray, W. T., South Otago Freezing Co., Bal- 
clutha, N. Z. 


Journal A. I. E. E. 


Heath, J. G., Motueka Borough Council. Mo- 


tueka, N. Z. 
Monkhouse, A.. (Member). Chief Engr. ivn 
U.S.S.R.. Metropolitan-Vickera Electrical 


Co., Leningrad, Russia 
Taylor, E. O., City & Guilds College, S. Kensing- 
ton, London, S. W. 7, Eng. 


Rao, K. V. Post & Tel. Dept., FF. M.S & 8.8, 
Penang. India 
Total 7. 


STUDENTS ENROLLED 


Abas. Joseph A.. University of Detroit 
Annand, George E., Engg. School of Milwaukee 
Babb, Maynard, A., Mass. Ins. of Technology 
Benjamin, Archie. McGill University 
Felger, Gerald K., Engg. School of Milwaukee 
Ficken, Ralph J., Engg. School of Milwaukee 
Gray, Claude M., Engg. School of Milwaukee 
Hanson, Edward E., Engg. School of Milwaukee 
Kraft. Walter R., Engg. School of Milwaukee 
Lebman. Ralph J., University of Detrolt 
Lord, Ralph, University of Detroit 
Ramsay, Henry B.. Engg. School of Milwaukee 
Remsburg, Marshall L.,  Engg. School of 
Milwaukee 
Rippere. R. Oliver, Brooklyn Polytechnic Inst. 
Schwendler. Crawford. Engg. Schoo! of Milwaukee 
Sosinsky, Lewis, University of Manitoba 
Stack, Wilbert E., University of Detroit 
Stevens, Chester, Engg. School of Milwaukee 
Stoeckly, Eugene E., University of Colorado 
Sullivan. Emmet J., University of Detroit 
Thurm, Richard W.. Engg. School of Milwaukee 
Werwarth, Karol O., Engg. School of Milwaukee 
Total 22. 
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PUBLICATION COMMITTEE 
Officers of the A. I. E. E., 1928-1929 W. S. Gorsuch, Chairman, 600 West 59th Street, New York, N. Y. 
PRESIDENT H. P. Charlesworth, F. L. Hutchinson, E. B. Meyer. 
(Term expires July 31, 1929) Donald McNicol. 
RP SCHUCHARDI COMMITTEE ON COORDINATION OF INSTITUTE ACTIVITIES 
JUNIOR PAST PRESIDENTS H. A. Kidder, Chairman, 600 West 59th St., New York. N. Y. 
(Term expires July 31, 1929) (Term expires July 31, 1930) C. O. Bickelhaupt, W. S. Gorsuch, W. B. Kouwenhoven, 
C. C. CHESNEY BANCROFT GHERARDI H. P. Charlesworth, F. L. Hutchinson, E. B. Meyer. 
a TICE ERESIDENDS BOARD OF EXAMINERS 
(Terms expire July 31, 1929) (Terms expire July 31, 1930) E. H. Everit, Chairman, Southern New England Tel. Co., New Haven, Conn 
0. J. FERGUSON (District No. 6) E. B. MERRIAM (District No. 1) F. J DESEE : Erich Hausmann ' L w w Monia ] 
E. R. NORTH MORE (District No. 8) H. A. KIDDER (District No. 3) H. W. Drake — A. H. Kehoe. _ S. D SEND 
J.L. BEAVER (District No. 2) W. T. RYAN (District No. 5) Harold Goodwin G. L. Knight. ` John B Taylor 
A. B. COOPER (District No. 10) B. D. HULL (District No. 7) S. P. Grace ' 2 e i J.B Whitehead 
C. O. BICKELHAUPT( District No. 4) G. E. QUINAN (District No T9) i : $e T i 
DIRECTORS TY SECTIONS- COMMIETEE :. | 
: , : W. B. Kouwenhoven, Chairman, Johns Hopkins University, Baltimore, Md. 
(Terms expire July 31, 1929) (Terms expire July 31, 1931) J. D. Ball Je L: Beaver W. S. Rodman 
M. M. FOWLER F. C. HANKER d P mM G E Ouinan ee : 
EC. STONE P:P MEYER Chairmen of Sections m | j 
CHARLES E. STEPHENS H. P. LIVERSIDGE É i 
(Terms expire July 31, 1930) (Terms expire July"31, 1932) COMMITTEE ON STUDENT BRANCHES 
I. E. MOULTROP J. ALLEN JOHNSON J. L. Beaver, Chairman, Lehigh University, Bethlehem, Pa. 
H. C. DON CARLOS A. M. MACCUTCHEON Edward Bennett, A. B. Gates, W. E. Wickenden. 
F. J. CHESTERMAN A. E. BETTIS Charles F. Scott, 
NATIONAL TREASURER NATIONAL SECRETARY Student Branch Counselors, ex-officio. 
(Terms expire July 31, 1029) MEMBERSHIP COMMITTEE 
GEORGE A. HAMILTON P. L. HUTCHINSON J. E. Kearns, Chairman, General Electric C^., 230 South Clark St., Chicago, Ill: 
HONORARY SECRETARY GENERAL COUNSEL : V ice-Chairmen 
RALPH W. POPE PARKER & AARON G. O. Brown, John B. Fisken, S. H. Mortensen, 
30 Broad Street, New York F. E. Dellinger, J. J. Frank, Joseph Showalter, 
PAST PRESIDENTS—1884-1928 Herbert B. Dwight, C. R. Jones. G. J. Yundt. 
*NoRviN GREEN, 1884-5-6. Lovis A. FERGUSON, 1908-9. G. M. Keenan, 
*FRANKLIN L. Pope, 1856-7. Lewis B. STILLWELL, 1909-10. , , ,  Ex-oficio 
*T. COMMERFORD MARTIN, 1887-8. Dvcarp C. Jackson, 1910-11. Chairmen of Section Membership Committees. 
EDWARD WESTON, 1888-9. Gano Dunn, 1911-12. HEADQUARTERS COMMITTEE 
ELIHU THOMSON, 1889-90. Raten D. MEnsHON, 1912-13. R. H. Tapscott, Chairman, 124 East 15th Street, New York, N. Y. 
*WILLIAM A. ANTHONY, 1890-01. C. O. MaiLrovx, 1913-14. F. L. Hutchinson, E. B. Meyer. 
*®ALEXANDER GRAHAM BELL, 1891-2. Patt M. LiNcoLwN, 1914-15. 
FRANK JULIAN SPRAGUE, 1892-3. Jons J. Carty, 1915-16. LAW COMMITTEE 
*Epwix J. Houston, 1893-4-5. H. W. Buck, 1916-17. C. O. Bickelhaupt, Chairman, Southern Bell Tel. & Tel. Co., Atlanta, Ga. 
*Lours DUNCAN, 1895-6-7. E. W. Rice, JR., 1917-18. M. M. Fowler, Paul M. Lincoln, E. C. Stone. 
*FRaANcIS BACON CROCKER, 1897-8. CoMFoRr A. ADAMS, 1918-19. A. G. Pierce, 
A. E. KENNELLY, 1898-1900. CALVERT TowNLEv, 1919-20. PUBLIC POLICY COMMITTEE 
*CaRL HERING, 1900-1, A. W. BERREsFORD, 1920-21. * D. C. Jackson, Chairman, 31 St. James Ave., Boston, Mass. 
*CHARLES P. STEINMETZ, 1901-2. WitL.LiAM MCCLELLAN, 1921-22. H. W. Buck, Gano Dunn. John W. Lieb, 
CHARLES F. Scott, 1902-3. Frank B. JEWETT, 1922-23. C. C. Chesney, F. B. Jewett, Harris J. Ryan. 
Bion J. ARNOLD, 1903-4. Harris J. Ryan, 1923-4. 
JOHN W. Liks, 1904-5. FaARLEY Oscoon, 1924-25. STANDARDS COMMITTEE 
*SCHUVLER SKAATS WHEELER, 1905-6. M. I. PuPIN. 1925-26. F. D. Newbury, Chairman, Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 
*SAMUEL SHELDON, 1906-7. C. C. CHESNEY, 1926-27. H. E. Farrer, Secretary, 33 W. 39th St., New York. ; 
*HENRY G. STOTT, 1907-8. BANCROFT GHERARDI, 1927-28. C. M. Gilt, A. M. MacCutcheon, V. M. Montsinger, 
* Deceased. C. R. Harte, J. F. Meyer, C. E. Skinner, 
LOCAL HONORARY SECRETARIES H. A. Kidder, Exi W. I. Slichter. 
T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. President. U. S. National Committee of I. E. C. 
H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House, Chairmen of Working Committees. 


11 Castlereagh St., Sydney, N. S. W., Australia. 
Frederick M. Servos, Rio de Janeiro Tramways Lt. & Pr. Co., 


Rio de Janeiro, Brazil, S. A. 
f FORS R EDISON MEDAL COMMITTEE 
Charles le Maistre. 28 Victoria St., London, S. W. 1, England. Wppdinted by he Prisidenti Jor 1000.9] ee 9eurs. 


A. S. Garñeld, 45 Bd. Beausejour, Paris 16 E., France. (Terms expire July 31, 1929) 


Chairmen of delegations on other standardizing bodies. 


E W . Willis, Tata cove Companies. Bombay House, Bombay, India. N. A. Carle, Chudesd -Edzan Jona W Lieb, 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. f ; 
: EM ; (Terms expire July 31, 1930) 
P. H. Powell, Canterbury College, Christchurch, New Zealand. ; È : 
George Gibbs, Samuel Insull, Chairman, Ralph D. Mershon. 
Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. : s 
W. Elsdon-Dew, P. O. Box 4563, Johannesburg, T l, Afric Eero ay Seana) 
FEM oun eee et Ae OP re en SOMUM ree ARS REN SEHEA RUNS John W. Howell, L. F. Morehouse, David B. Rushmore. 
: (Terms expire July 31, 1932) 
A. I. E. E. Committees E. B. Craft, Paul M. Lincoln, C. E. Skinner. 
i ly 31, 1933) 
ENERAL STANDIN MMITTEE ER ee 
G RAL STANDING CO TT S Charles F. Brush. D. C. Jackson, Elmer A. Sperry. 


EXECUTIVE COMMITTEE 


n è -1 ! d D 1 b 1 S ? ] D ' " 
R. F. Schuchardt, Chairman, 72 West Adams St., Chicago. Ill. Elected by the Board of Directcrs from its oun mmblership for term of two years 


(Terms expire July 31, 1929) 


VU d dd " E r S n H- P Liversidge, E. B. Meyer, ] E: Mbsaltrop. 

] do f anc i (Terms expire July 31, 1930) 

FINANCE COMMITTEE B. Gherardi, H. A. Kidder, E. B. Merriam. 
E. B. Meyer, Chairman, 80 Park Place, Newark, N. J. Ex-Officio 
H. A. Kidder, C. E. Stephens. R. F. Schuchardt, President, George A. Hamilton, National Treasurer | 

MEETINGS AND PAPERS COMMITTEE F. L. Hutchinson, National Secretary. 
H P Charlesworth, Chairman. 195 Broadway, New York, N. Y. LAMME MEDAL COMMITTEE 
E. H. Hubert, Secretary, 33 W. 39th St., New York. (Terms expire July 31. 1929) 
A. E. Knowlton, E. B. Meyer, H. S. Osborne, W.L. R. Emmet, C. F. Kettering. Elmer A. Sperry. 
A. M. MacCutchcon, L. W. W. Morrow, C. E. Skinner, (Terms expire July 31, 1930) 
J. E. Macdonald, T. A. Worcester. P. M. Lincoln, E. B. Meyer, L. W. W. Morrow. 
Chairman of Committee on Coordination of Institute Activities, ex-o ficio. (Terms expire July 31, 1931) 


Chairmen of Technical Committees, ex-officio. H. H. Barnes, Jr., Charles F. Scott, Chairman N. W. Storer. 
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ELECTROPHYSICS 
V. Karapetoff, Chairman, Cornell University, Ithaca, N. Y. 


COMMITTEE ON CODE OF PRINCIPLES OF PROFESSIONAL CONDUCT 
H. B. Smith, Chairman, Worcester Polytechnic Institute, Worcester, Mass. 


A. H. Babcock, F. B. Jewett, H. P. Liversidge, O. E. Buckley, O. J. Ferguson, K. B. McEachron, 
G. Faccioli, John W. Lieb, J. B. Whitehead. V. Bush, C. L. Fortescue; R. A. Millikan, 
COMMITTEE ON COLUMBIA UNIVERSITY SCHOLARSHIPS John R. Carson, A. Hund, R. H. Park, 
W. I. Slichter, Chairman, Columbia University, New York, N. Y. F. M. Clark, Car] Kinsley, L. J. Peters, 
Francis Blossom, H. C. Carpenter. W. D. Coolidge, W. B. Kouwenhoven, J. Slepian, 
W. F. Davidson, F. E. Terman. 


COMMITTEE ON AWARD OF INSTITUTE PRIZES 
H. P. Charlesworth, Chairman, 195 Broadway, New York, N. Y. 
W. S. Gorsuch, F. W. Peek, Jr. 


COMMITTEE ON SAFETY CODES 


Liaison Representatives of American Physical Society 
Dr. W. F. G. Swann, Prof. A. P. Wills 


GENERAL POWER APPLICATIONS 


F. V. Magalhaes, Chairman, N. Y. Edison Co., 708 First Avenue, New York, N.Y. J. Frank Gaskill, Chairman, 1000 Chestnut Street, Philadelphia, Pa. 
A. E. Bettis, H. B. Gear, W. T. Morrison, D. H. Braymer, A. C. Lanier, H. W. Price, 
Philander Betts, J. P. Jackson, R. H. Nexsen, C. W. Drake, A. M. Lloyd, H. L. Smith, 
J. E. Brobst, H. W. Leitch, H. R. Sargent, Harry L. Grant, A. M. MacCutcheon, A. H. Stebbins, 
L. L. Elden, M. G. Lloyd, W. H. Sawyer, Clyde D. Gray, W. S. Maddocks, E. C. Stone, 
J. C. Forsyth, Wills Maclachlan, H. S. Warren. C. Francis Harding, N. L. Mortensen, W. H. Timbie, 
R. W. E. Moore, E. W. Henderson, E. B. Newill, F. M. Weller, 
Geo. H. Jones, K. A. Pauly, M. R. Woodward, 
SPECIAL COMMITTEES P. C. Jones, D. M. BT W. C. Yates. 


LICENSING OF ENGINEERS 


Francis Blossom, Chairman, 52 William Street, New York, N. Y. INSTRUMENTS AND MEASUREMENTS 


H. W. Buck, Gano Dunn, E. W. Rice, Jr. Everett S. Lee, Chairman, General Electric Co., Schenectady, N. Y. 
L. E. Imlay, O. J. Bliss, F. C. Holtz, W. J. Mowbray, 
ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ARTS «ty A. Borden, Pek Minna, TE Feu 
J. P. Jackson, Chairman, 130 East 15th Street, New York, N. Y. NOM Bradshaw, acr Knowlton; Re Ty Bierce, 
R. H: Nexsen, George K. Thompson: ] H. B. Brooks, H. C. Koenig, E. J. Rutan, 
A. L. Cook, W. B. Kouwenhoven, G. A. Sawin, 
TECHNICAL COMMITTEES Melville Eastham, E. B. Merriam, R. W. Sorensen, 
W. N. Goodwin, Jr., H. M. Turner. 


AUTOMATIC STATIONS 


W. H. Millan, Chairman, 2615 Clifton Ave., St. Louis, Mo. APPLICATIONS TO IRON AND STEEL PRODUCTION 


P. H. Adams, H. C. Don Carlos, G. H. Middlemiss, 
Caesar Antoniono, P. E. Hart, O. Naef, M. M. Fowler, Chairman, General Electric Co., 230 So. Clark St., Chicago, Ill. 
L. D. Bale, Joseph Hellenthal, E. W. Seeger, A. C. Bunker, O. Needham, J. W. Speer, 
C. A. Butcher, Chester Lichtenberg L. J. Turley, P. B. Crosby, K. A. Pauly, G. E. Stoltz, 
M. S. Coover, S. J. Lisberger, F. Zogbaum. A. C. Cummins, A. G. Pierce, Wilfred Sykes, 
S. L. Henderson, A. G. Place, T. S. Towle, 
COMMUNICATION A. M. MacCutcheon, F. O. Schnure, J. D. Wright. 


H. W. Drake, Chairman, Western Union Telegraph Co., 


195 Broadway, New York, N. Y. PRODUCTION AND APPLICATION OF LIGHT 


G. R. Benjamin, E. H. Everit, R. D. Parker, B. E. Shackelford, Chairman, Westinghouse Lamp Co., Bloomfield, N. J. 
H. P. Charlesworth, D. H. Gage, S. R. Parker, W. T. Blackwell H. H. Higbie F. H. Murphy 
F. J. Chesterman, S. P. Grace, F. A. Raymond, J. R. Cravath : C. L. Kinsloe F. A. Rogers j 
L. W. Chubb, Erich Hausmann, C. A. Robinson, s W. T. Dempsey A. S. McAllister W. T. Ryan ' 
J. L. Clarke, P. J. Howe, J. K. Roosevelt, Lewis Passel , G. S. Merrill : W. M. Skiff. 
R. N. Conwell, H. L. Huber, H. A. Shepard, G. C. Hall : P. S. Millar i C. J. Stahl ' 
B. R. Cummings, B. D. Hull, John F. Skirrow, L. A. Hawkins ' C.H Sticknty 
Charles E. Davies, G. A. Kositzky, H. M. Turner, ot f eem ` 
R. D. Evans, F. H. Kroger, F. A. Wolff. APPLICATIONS TO MARINE WORK 
Ray H. Manson, 
W. E. Thau, Chairman, Westinghouse E. & M. Co., 

EDUCATION 150 Broadway, New York, N. Y. 
Edward Bennett, Chairman, University of Wisconsin, Madison, Wis. Edgar C. Alger, Wm. Hetherington, Jr., Wm. H. Reed, 
E. W. Allen, A. B. Gates, H. S. Osborne, R. A. Beekman, H. L. Hibbard, Edgar P. Slack, 
J. L. Beaver, W. B. Hartshorne, A. G. Pierce, H. C. Coleman, A. Kennedy, Jr., H. M. Southgate, 
H. W. Buck, Paul M. Lincoln, C. S. Ruffner, E. M. Glasgow, J. B. Lunsford, Oscar A. Wilde, 
V. Bush, C. E. Magnusson, W. S. Rugg. H. F. Harvey, Jr., E. B. Merriam, J. L. Wilson, 
O. J. Ferguson, W. E. Mitchell, W. E. Wickenden. C. J. Henschel, I. H. Osborne, R. L. Witham. 

G. A. Pierce, 


ELECTRICAL MACHINERY 


W. J. Foster, Chairman, General Electric Co., Schenectady, N. Y. 

E. B. Paxton, Secretary, General Electric Co., Schenectady, N. Y. 

P. L. Alger, S. L. Henderson, A. M. MacCutcheon, 
B. L. Barns, B. G. Jamieson, V. M. Montsinger, 
A. B. Cooper, J. Allen Johnson, F. D. Newbury, 

W. M. Dann, A. H. Kehoe, J. M. Oliver, 

C. M. Gilt, C. W. Kincaid, A. M. Rossman, 

W. S. Gorsuch, H. C. Louis, R. B. Williamson. 


ELECTRIC WELDING 


A. M. Candy, Chairman, Westinghouse E. & M. Co., East Pittsburgh, Pa. 


C. A. Adams, O. H. Eschholz, J. C. Lincoln, 
P. P. Alexander, H. M. Hobart, Ernest Lunn, 
C. W. Bates, C. J. Holslag, A. M. MacCutcheon, 
Ernest Bauer, C. L. Ipsen, J. W. Owens, 


Alexander Churchward, Wm. Spraragen. 


ELECTROCHEMISTRY AND ELECTROMETALLURGY 
G. W. Vinal, Chairman, Bureau of Standards, Washington, D. C. 


Lawrence Addicks, E. B. Dawson, J. A. Secede, 
Arthur N. Anderson, F. A. J. Fitzgerald, Magnus Unger, 
T. C. Atchison, F. C. Hanker, J. B. Whitehcad, 
Farley G. Clark, W. E. Holland, E. A. Williford, 
Safford K. Colb F. A. Lidbury, J. L. Woodbridge. 


G. Schluederberg, 


APPLICATIONS TO MINING WORK 


Carl Lee, Chairman, 1652 McCormick Bldg., Chicago, Ill. 


A. R. Anderson, 
F. N. Bosson. 
Graham Bright, 
M. M. Fowler, 
E. J. Gealy, 

L. C. Ilsley, 


G. M. Kennedy, 
R. L. Kingsland, 
A. B. Kiser, 

W. H. Lesser, 
John A. Malady, 
C. H. Matthews, 


POWER GENERATION 


F. C. Nicholson, 

W. F. Schwedes, 

F. L. Stone, 

E. B. Wagner, 

J. F. Wiggert, 

C. D. Woodward. 


F. A. Allner, Chairman, Pennsylvania Water & Power Co., 
Lexington Building, Baltimore, Md. 
J. R. Baker, Secretary, Pennsylvania Water & Power Co., 
Lexington Building, Baltimore, Md. 


A. E. Bettis, 

J. B. Crane, 

P. M. Downing, 
James H. Ferry, 
N. E. Funk, 

W. S. Gorsuch, 
F. C. Hanker, 
C. F. Hirshfeld, 


A. H. Hull, 

A. H. Kehoe, 

H. A. Kidder, 
G. L. Knight, 
W. H. Lawrence, 
W. S. Lee, 

F. T. Leilich, 
James Lyman, 
E. B. Meyer, 


W. E. Mitchell, 
I. E. Moultrop, 
F. A. Scheffler, 
W. F. Sims, 

A. R. Smith, 
E. C. Stone, 
R. W. Stovel, 
William M. White. 
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POWER TRANSMISSION AND DISTRIBUTION 
H. R. Woodrow, Chairman, Brooklyn Edison Co., Inc., 


Pearl and Willoughby Sts., Brooklyn, N. Y. 


R. E. Argersinger, E. W. Dillard, 
Geo. M. Ármbrust, R. E. Doherty, 
R. W. Atkinson, L. L. Elden, 

E. T. J. Brandon, R. D. Evans, 

V. Bush, F. M. Farmer, 
P. H. Chase, Harland C. Forbes, 
C. V. Christie, C. L. Fortescue, 
D. D. Clarke, K. A. Hawley, 
W. H. Cole, V. L. Hollister, 
R. N. Conwell, J. P. Jollyman, 
M. T. Crawford, A. H. Kehoe, 
W. A. Del Mar A. H. Lawton, 


W. E. Mitchell, 
PROTECTIVE DEVICES 


Herbert H. Dewey, 


E. R. Northmore, 
L. L. Perry. 

T. F. Peterson, 
D. W. Roper, 

A. E. Silver, 

L. G. Smith, 

H. C. Sutton, 


Percy H. Thomas, 


Philip Torchio, 
Theodore Varney, 
H. L. Wallau, 

H. S. Warren, 

R. J. C. Wood. 


E. A. Hester, Chairman, 435 Sixth Avenue, Pittsburgh, Pa. 


Raymond Bailey, James S. Hagan, 


R. L. Kingsland, 


V. J. Brain, H. Halperin, M. G. Lloyd, 

A. C. Cummins, F. C. Hanker, R. C. Muir, 

E. W. Dillard, F. L. Hunt, N. L. Pollard, 

H. W. Drake, B. G. Jamieson. A. M. Rossman. 

W. S. Edsall, J. Allen Johnson, A. H. Schirmer, 

L. E. Frost, S. M. Jones, E. R. Stauffacher, 

E. E. George, H. R. Summerhayes. 

RESEARCH 

F. W. Peek, Jr., Chairman, General Electric Company, Pittsfield, Mass. 

H. D. Arnold, J. A. Johnson, D. W. Roper, 

Edward Bennett, V. Karapetoff, Clayton H. Sharp, 

V. Bush, A. E. Kennelly, C. E. Skinner, 

E. H. Colpitts, S. M. Kintner, R. W. Sorensen, 

W. F. Davidson, M. G. Lloyd, T. S. Taylor, 

W. P. Dobson, Chester W. Rice, J. B. Whitehead. 
TRANSPORTATION 


W. M. Vandersluis, Chairman, 1201 S. Michigan Avenue, Chicago, Ill. 


Reinier Beeuwkes, W. K. Howe, Ralph H. Rice, 

À. E. Bettis, D. C. Jackson, N. W. Storer, 

J. V. B. Duer, John Murphy, Richard H. Wheeler, 

E. R. Hill, W. S. Murray, Sidney Withington, 
W. B. Potter, 


A. I. E. E. Representatives 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
COUNCIL 
M. I. Pupin, Gano Dunn. 
AMERICAN BUREAU OF WELDING 
H. M. Hobart. 

AMERICAN COMMITTEE ON ELECTROLYSIS 

B. J. Arnold, N. A. Carle, F. N. Waterman. 


AMERICAN ENGINEERING COUNCIL ASSEMBLY 


H. H. Barnes, Jr., H. M. Hobart, *Farley Osgood, 
A. W. Berresford, F. L. Hutchinson, A. G. Pierce, 
C. C. Chesney, *H. A. Kidder, E. W. Rice, Jr., 


F. J. Chesterman, 
*John H. Finney, L. F. Morehouse, 
* M. M. Fowler, I. E. Moultrop, 
* Members of Administrative Board. 
AMERICAN ENGINEERING STANDARDS COMMITTEE 
J. F. Meyer, John C. Parker, C. E. Skinner. 
H. M. Hobart, H. S. Osborne, L. T. Robinson, Alternates. 
AMERICAN MARINE STANDARDS 
COMMITTEE 
R. A. Beekman 
AMERICAN YEAR BOOK, ADVISORY BOARD 
Henry H. Henline 


William McClellan, *Charles F. Scott, 
*C. E. Skinner, 


Calvert Townley. 
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BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 
H. P. Charlesworth H. A. Kidder, G. L. Knight, 


CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND 
COMMITTEE 
R. F. Schuchardt 


COMMITTEE OF APPARATUS MAKERS AND USERS, 
NATIONAL RESEARCH COUNCIL 
C. E. Skinner 


COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF 
INDUSTRIAL ENGINEERS 
C. Francis Harding 


COMMITTEE ON HEAT TRANSMISSION, NATIONAL RESEARCH 
COUNCIL 
T. S. Taylor 


ENGINEERING FOUNDATION BOARD 
Gano Dunn, L. B. Stillwell. 


JOHN FRITZ MEDAL BOARD OF AWARD 
Bancroft Gherardi, M. I. Pupin. 
Farley Osgood, 


JOINT COMMITTEE ON WELDED RAIL JOINTS 
D. D. Ewing, A. P. Way. 


JOINT CONFERENCE COMMITTEE OF FOUNDER SOCIETIES 
The Presidents and Secretaries, ex-officio. 


LIBRARY BOARD OF UNITED ENGINEERING SOCIETY 
Edward D. Adams, F. L. Hutchinson, W. B. Jackson, 
E. B. Craft, W. I. Slichter. 


NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL 
COMMITTEE 
F. V. Magalhaes, W. T. Morrison, Alternate 
NATIONAL FIRE WASTE COUNCIL 
John H. Finney, F. V. Magalhaes. 


NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 
Cary T. Hutchinson, F. B. Jewett, S. M. Kintner, 
F. L. Hutchinson, ex-o ficio. 


NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF 
A. S. S. E.—ENGINEERING SECTION 
F. V. Magalhaes 


THE NEWCOMEN SOCIETY 
E. B. Craft 


RADIO ADVISORY COMMITTEE, BUREAU OF STANDARDS 
A. E. Kennelly 


SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION 
BOARD OF INVESTIGATION AND COORDINATION 
Gano Dunn, Frank B. Jewett. 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL 
COMMISSION ON ILLUMINATION 
A. E. Kennelly, C. O. Mailloux, Clayton H. Sharp. 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL 
ELECTROTECHNICAL COMMISSION ; 
L. T. Robinson, 


C. C. Chesney, 


E. W. Allen, F. V. Magalhaes, 

W. A. Del Mar, C. O. Mailloux, D. W. Roper, 

Gano Dunn, William McClellan, R. F. Schuchardt,Y(ex- 
officio) 

F. C. Hanker, E. B. Meyer, (ex-offi- 10) C. H. Sharp, 

H. M. Hobart, J. F. Meyer, C. E. Skinner, 

D. C. Jackson, F. D. Newbury, (ex-ofivio) W. I. Slichter, 

F. B. Jewett, H. S. Osborne, A. R. Stevenson, Jr. 

A. E. Kennelly, Farley Osgood, N. W. Storer, 

H. A. Kidder, F. W. Peek, Jr., Elihu Thomson, 


John W. Lieb, E. W. Rice, Jr., John W. Upp. 


WASHINGTON AWARD, COMMISSION OF 
L. A. Ferguson, Charles F. Scott. 


LIST OF SECTIONS 


Name Chairman Secretary 
Akron John Grotzinger H. C. Paiste, No. Ohio Pr. & Lt. 
Co., Akron, Ohio 
Atlanta T. H. Landgraf D. H. Woodward, Amer. Tel. & 
Tel. Co., 938 Hurt Bldg., 
, Atlanta, Ga. 
Baltimore W.B.Kouwenhoven R. T. Greer, Cons. Gas Elec. Lt. 
& Pr. Co.. Lexington Bldg., 
Baltimore. Md. 
Boston H. B. Dwight G. J. Crowdes, Simplex Wire & 
Cable Co., Sidney Street, 
i Cambridge, Mass. 
Chicago B. E. Ward T..G. Le Clair. Commonwealth 
Edison Co., Rm. 822, 72 W. 
, Adams St., Chicago, Ill. 
Cincinnati R. C. Fryer L. O. Dorfman, Westinghouse 
E. & M. Co., 3rd & Elm Sts., 


Cincinnati, Ohio 


Name Chairman Secretary 

Cleveland E. W. Henderson P. D. Manbeck, National Carbon 
Co.. Madison Ave. & West 
117th St., Cleveland, Ohio 

Columbus W. E. Metzger R. A. Brown, 87 E. Dunedin Road, 
Columbus, Ohio , 

Connecticut E. J. Amberg R. G. Warner, Yale Univ., 10 
Hillhouse Ave., New Haven, 
Conn. 

Dallas G. A. Mills A. Chetham-Strode, Dallas Pr. 
& Lt. Co., Interurban Bldg., 
Dallas, Texas 

Denver L. N. McClellan R. B. Bonney, Telephone Bldg., 


P. O. Box 960, Denver, Colo. 


L. F. Hickernell, Commonwealth 
Power Corp., 212 Michigan 
Avenue, West, Jackson, Mich. 


Detroit-Ann Arbor A. H. Lovell 


694 INSTITUTE AND RELATED ACTIVITIES 
Name Chairman Secretary Name Chairman 
Erie M. L. Elder A. W. Wennerstrom, General Pittsfield J. R. Rue 
Electric Co., Erie, Pa. 
Fort Wayne C. F. Beyer J. F. Eitman, 1841 Broadway, Portland, Ore. L. M. Moyer 
: . Ft. Wayne, Ind. 
Indiana polis-Laf. Herbert Kessel Stanley S. Green, Indiana Electric 
Corp., Guaranty Bldg., Indian- Providence A. E. Watson 
apolis, Ind. 
Ithaca R. F. Chamberlain H. H. Race, School of Elec. Engg., 
. Cornell University. Ithaca, N. Y. Rochester H. Gordon 
Kansas City B. J. George A. B. Covey, Southwestern Bell 
] el. Co., Kansas City, Mo. 
Lehigh Valley H. D. Baldwin E. F. Weaver, Pa. Pr. & Lt. St. Louis C. P. Potter 
Co., 901 Hamilton St., Allen- 
town, Pa. San Francisco B. D. Dexter 
Los Angeles H. L. Caldwell N. B. Hinson, Southern Cal. 
Edison Co., 3rd and Broadway, 
-— Los Angeles, Cal. Saskatchewan E. W. Bull 
Louisville 5. D. Wood N. C. Pearcy, Louisville Gas & 
Electric Co., 311 W. Chestnut 
St., Louisville, Ky. Schenectady E. S Lee 
Lynn Charles Skoglund V. R. Holmgren, urbine Engg. 
Dept., G . Bldg. 64 G, 
: Lynn, Mass Seattle C. R. Wallis 
Madison L. J. Peters L. C. Larson, De t. of Elec. Engg., 
University of Wisconsin, Madi- Sharon H. B. West 
i " son, Wisconsin 
Mexico B. Nikiforoff E. D. Luque, Providencia 520, Southern Virginia W. S. Rodman 
Colonia Del Valle, Mexico 
. D. F., Mexico Spokane Bernhard Olsen 
Milwaukee E. R. Stoekle R. R. Knoerr, Engr., Knoerr & 
Fischer, 553 Milwaukee St., Springfield, Mass. J. F. Murray 
: Milwaukce, Wis. 
Minnesota J. E. Sumpter Gilbert Cooley, Northern States 
Pr. Co., 807 Lincoln Bank Bldg., Syracuse W. R. McCann 
Minneapolis, Minn. 
Nebraska C. D. Robison C. L. Skarolid, Room 1303, Toledo W. T. Lowery 
T hone Bidg,, Omaha, Neb. 
New York R. H. Tapscott H. She ‘ppard, Dept. of Dev. & Toronto C. E. Sisson 
Rose Amer. Tel. & Tel. 
Co., 195 Broadway, New York. 
Urbana 


N. Y. 

E. P. Harder, Buffalo General 
Electric Co., 205 Electric Bldg., 
Buffalo, N. Y. Utah 


Niagara Frontier G. H. Calkins 


Journal A. I. E. E. 


Secretary 


V. M. Montsinger, General Elec. 
tric Co., Pittsfield, Mass. 

H. H. Cake, Pacific State Elec. 
Co., 5th and Davis Streets, 
Portland, Ore. 

F. W. Smith, Blackstone Valley 
n & Elec. Co., Pawtucket, 


C. . Estwick, c/o Genera! 
teal Signal Co., Rochester, 


E. G. McLagan. 2188 Railway 
Exchange Bldg., St. Louis, Mo. 

A. G. Jones, General Electric Co., 
804 Russ Bldg., San Francisco, 
Calif. 

P. Brattle, Dept. of Tels. 
Telephone Bldg., Regina, Sask., 
cups 

johnson, Room 435, Bldg. 
xd 2, ea Electric Co., 
Schenectad Y. 

Ray Rader. T Sound Pr. & 
Lt. Co., Seattle, Wash. 

J. B. Gibbs, Westinghouse Elec- 
tric & Mfg. Co., Sharon, Pa. 

J. v Miller, Box 12, University, 


a. 
H. L. Vincent, N. 1417 Washing- 
ton St., Spokane, Washington 
V. French, Am. Bosch 
"Magneto Corp., Springfield, 


Mass 

F. E. Verdi 615 City Bank Bidg. 
Syracuse, N. Y. 

Max Neuber, 1257 Fernwood Ave. 
Toledo, Ohio 

F. F. Ambuhl, Toronto Hydro- 
Elec. System, 226 Yonge St. 
Toronto, Ont.. Canada 


J. O. Kraehlenbuehl J. K. Tuthill, 106 Transportation 


D. L. Brundige 


Pag University of Ill., Urbana, 
C. B. Shipp, General Elec. Co.. 


Oklahoma C. V. Bullen C. W. Walter, Dept. of Elec. Engg., 200 S. Maın St., Salt Lake City, 
Univ. of Oklahoma, Norman, Utah 
Okla. Vancouver C. W. Colvin J. Teasdale, British Columbia 
Panama L. W. Parsons M. P. Benninger, Box 174, Elec. Railway Co., Vancouver, 
Balboa Heights, C. Z. Washington L. D. Bli R. wO Federal Pr. Comm. 
Philadelphia I. M. Stein R. H. Silbert, Philadelphia Elec- dcc Interior Bldg., 18th & F Sts., 
tric Co., 2301 Market St., N. W., Washington, D. C. 
: Philadelphia, Pa. Worcester A. F. Snow F. B. Crosby, Morgan Constr. 
Pittsburgh H. E. Dyche J. A. Cadwallader, The Bell Co., 15 Belmont St., Worcester, 
Telephone Co. of Pa.,416 7th Mass. 
Ave., Pittsburgh, Pa. Total 63 
LIST OF BRANCHES 
Counselor 
Name and Location Chairman Secretary ( Member of Faculty) 
Akron, Municipal University of, Akron, Ohio............ 0.00. c cece eee ee eee C. R. Delagrange P. W. Bierman i T. Walther 
Alabama Polytechnic Institute, "Auburn, nuo es eA asm, eae ACER EDD i tabe aue W. P. Smith C. W. Meyer 7. W. Hill 
Alabama, University of, University, T EI ND T E S ana S 
Arizona, University of, "Tucson, ATIZ SM eru a d iN qud aed he a . H. Hopper Audley Sharpe J. C. Clark 
Arkansas, University of, Fayetteville, PNT Merc PTT vp . H. Mann, Jr. Dick Ray IV. B. Stelzner 
Armour Institute of Technology, 3300 Federal St., Chicago, Ill................ L. J. Anderson H. T. Dahlgren D. P. Moreton 
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y............. H. F. Steen F. J. Mullen 
Bucknell University, Lewisburg, Pa...... 0.0.0.0. cece ccc ce eeceeuceeveeees R. E. Snauffer W. K. Rhodes 
California Institute of Technology, Pasadena, Calif.............00.0ce eee eee G. R. Crane A. W. Dunn R. W. Sorensen 
California, University of, Berkeley, Calif... l... 0. ccc ce ce eee H. H. Hyde H. K. Morgan T. C. McFarland 
Carnegie Institute of Technology, Pittsburgh, X P ET G. M. Cooper if H. Ferrick B. C. Dennison 
Case School of Applied Science, Cleveland, Ohio.......... 0.00. e eee ce eee ee W. A. Thomas . O. Herbster H. B. Dates 
Catholic University of America, Washington, DG ue Be CE IN 
Cincinnati, University of, Cincinnati, Ohio... e. eee C. E. Young W. C. Osterbrock W. C. Osterbrock 
Clarkson College of Technology, Potsdam, IN P DEMO PP C. H. Joy A. R. Powers 
Clemson Agricultural College, Clemson College, S. C............ eee eee A. P. Wylie W. J. Brogdon S. R. Rhodes 
Colorado State Agricultural College, Fort Collins, Colo..............00000 000: Harold Groat Howard Steinmetz H. G. Jordan 
Colorado, University of, Boulder, Cole. ian rast ntng n OKETE EATEN EEEE H. R. Arnold E. E. Stoeckly W. C. DuVall 
Cooper Union, New York, b ee ee ee ee nee eRe A ere ee eee E. T. Reynolds Wilfred Henschel 
Denver, University of, Denver, CONG ure toe erba ts era a on wren a N. Petrie D. S. Cooper R. E. Nyswander 
Detroit, University of, Detroit, Mich recat enr nx deca Res Mts po At ha ter ate ecc OU M ru Cae . T. Faur Wm. F. Haldeman H. O. Warner 
Drexel Institute, Philadelphia, DA NEMORE RP MP D. M. Way C. W. Kenyon E. O. Lange 
Duke University, Durham, NC. 6s nk nya eas Res ees ems ay ru e CRAS W. E. Cranford C. W. Berglund, Jr. W. J. Seeley 
Florida, University of, Gainesville, Elise eese pe ahd, Sud es 0 was at isn si ae aren eae A. W. Payne N. J. Rogers J. M. Weil 
Georgia School of Technology, Atlanta. Du. ule oni 2. c bdo Yr hee ahs Sa S K. W. Mowry E. S. Hannaford 
Idaho, University of, Moscow, Idaho........... lecce e O. C. Mayer i H. T basen 
Iowa State College, "Ames, E NE RUE SIUE REAL at DUE E CONO APACHE CREADA R. R. Law C. E. Rohrig . A. Fish 
Iowa, State University of, Iowa City, Iowa..........0 0.00. cece cece es F. L. Kline M. B. Hurd A. H. Ford 
Kansas State College, Manhattan, POAT ASS cet ed eb ete Eum aen asin Ra US OR H. C. Lindberg J. E. Schwanke 
Kansas, University of, Lawrence, (CO I UNES E MM vert pM ERE PEN A. E. Keefe G. C. Shaad 
Kentucky, University of, Lexington. FS. ——— ÁÁo——— HCM H. M. Otto D. M. James W. E. Freeman 
Lafayette College, DONE MR CANNES NEC IRIURE nate enc: J. W. Dagon H. W. Lovett Morland King 
Lehigh University, Bethlehem, az WM RP ts iaa a a oo ech a tare ea OS Sho a S. R. Van Blarcom R. S. Taylor . L. Beaver 
Lewis Institute, Chicago, Hl... 0... ee ccc ce eee hm ra A. Gaimani . A. Rogers. 
Louisiana State University, Baton Rouge, La........... eese R. C. Alley Henry Joyner M. B. Voorhies 
Louisville, University of, Louisville, Ky... 0... ccc cee cnet eee eens Samuel Evans J. S. Overstreet D. C. Jackson, Jr. 
Maine, University of, queue Maines co c44 La a T eee cease A. V. Smith G. A. Whittier W. E. Barrows, Jr. 
Marquette University, 1200 Sycamore St., Milwaukee, Wis..............2008- . R. Adriansen H. J. Lavigne . F. H. Douglas 
Massachusetts Institute of Technology, Cambridge, Mass.......... eese . M. Durrett . H. Timbie 
Michigan State College, East Lansing, Mich....... lecce ht M. H. Blevin W. G. Keck M. M. Cory 
Michigan, University of, Ann Arbor, Mich.....0.... 0.0000. eee cee cee n ees W. R. Hough H. L. Scofield B. F. Bailey 
Milwaukee, School of Engineering of, 415 Marshall St., Milwaukee, Wis....... G. E. Henkel . D. Ball 
Minnesota, University of, Minne apolis, NIA see me Oe eee tee dors mere weet 3 G. C. Brown G. C. Hawkins . Kuhlmann 
Mississippi Agricultural & Mechanical College, A. & M. College, Miss......... R. S. Kersh L. L. Patterson 
Missouri School of Mines & Metallurgy, Rolla, Mo... .. 0... cc ec ee ees H. H. Brittingham E. J. Gregory 
Missouri, University of, Columbia, Mo..... 0.0. cc we e eee tees C. E. Schooley W. D. Johnson M. P. Weinbach 
Montana State College, Bozeman, Monte o. et vb TE ek bend b eases G. E. West . A. Thaler 
Nebraska, University of, Lincoln, Neb............. ORE ee erg eee tee eee G. W. Cowley L. T. Anderson . W. Norris 
Nevada, University of, Reno, Nevada... 0.0.0. cc ee ce es Alden McCullom S. G. Palmer 


Newark College of Engineering, 367 High St., Newark, New Jersey............ C. P. Hurd 


Sept. 1928 INSTITUTE AND RELATED ACTIVITIES 695 
LIST OF BRANCHES— Continued. 
. Counselor _— 
Name and Location Chairman Secretary (Member of Faculty) 
New Hampshire, University of, Durham, N. H................ esee N. J. Pierce M. W. Cummings L. W. Hitchcock 
New York, College of the City of, 139th St. & Convent Ave., New York, N. Y..... Daniel Klatzko Walter Broleen Harry Baum 
New York University, University Heights, New York, N. Y................... G. A. Taylor A. W. Schneider 
North Carolina State College, Raleigh, N.C... oo cece eee eee ees O. M. Carpenter W. E. Moseley C. W. Ricker 
North Carolina, University of, Chapel Hill, N.C... 
North Dakota, "University of, University Station, Grand Forks, N. D........... Alfred Botten Nels Anderson D. R. Jenkins 
Northeastern University, 316 Huntington Ave., Boston 17, Mass.............. R. W. Cleveland H. F. Wilder W. L. Smith 
Notre Dame, University of, Notre Dame, Ind............. eee ne Charles Topping George Conner i . A. Caparo 
Ohio Northern University, Ada, Ohio... 0.0... 0... cee cece eee ne R. F. Rice R. A. Lash . S. Campbell 
Ohio State University, Columbus, O............ 0.20 c cence cece ee R. H. Spry G. W. Trout F. C. Caldwell 
Ohio University, Athens, O....... 00.00.00. c ccc cece ee hen Clarence Kelch H. W. Giesecke A. A.-Atkinson 
Oklahoma A. & M. College, Stillwater. Okla... 0.0... ccc cee ce eee nn Benny Fonts T D. Robertson, Jr. Edwin Kurtz 
Oklahoma, University of, Norman, Okla........ 00... ccc eee e Dick Mason . S. Harmon 
Oregon State College, Corvallis, Ore..... 00. cece eee hh en Harry Loggan A. W. Swingle F. O. McMillan 
Pennsylvania State College, State College, Pa........ lesen I; F. Houldin L. A. Doggett 
Pennsylvania, University of, Philadelphia, Pa... ........ 0.0.0 esee , . W. Brown, Jr C. D. Fawcett 
Pittsburgh, University of, Pittsburgh, Pa.........ooos eo K. A. Wing R. H. Perry H. E. Dyche 
Princeton University, Princeton, Ne Tous oto see dex duet RD NC arde Pa dn R. W. MacGregor, Jr W. Wilson Malcolm MacLaren 
Purdue University, Lafayette, Indiana.............cc cece eee J. F. Nuner P. C. Sandretto A. N. Topping 
Rensselaer Polytechnic Institute, Troy, N. Y..........0 cece een S. E. Benson F. M. Sebast 
Rhode Island State College, Kingston, R. L............. eee W m. Anderson 
Rose Polytechnic Institute, Terre Haute, Ind........... llle G. P. Brosman C. C. Knipmeyer 
Rutgers University, New Brunswick, N. J...... Luise rn Cost | H. M. Hobson 
Santa Clara, University of, Santa Clara, Calif.......... cee ee cee eee . P. O'Brien C. E. Newton L. J. Neuman 
South Dakota State School of Mines, Rapid City, S. D.............. sese L. M. Becker . R. Mytinger, Jr. E . Kammerman 
South Dakota, University of, Vermillion, S. D..............leeeeee een C. R. Canton wine Paul Schell . B. Brackett 
Southern California, University of, Los Angeles, Calif............... eere Lester Bateman L. F. Slezak P. S. Biegler 
Stanford University, Stanford University, Calif.......... ccce N. R. Morgan W. G. Snyder T. H. Morgan 
Stevens Institute of Technology, Hoboken, N. J............. eee W. N. Goodridge S. J. Tracy F. C. Stockwell 
Swarthmore College, Swarthmore, Pa.............. ee eee he T. C. Lightfoot B. C. Algeo Lewis Fussell 
Syracuse University, Syracuse, N. Y........... lle ccc cece eee eeees E. D. Lynde R. C. Miles C. W. Henderson 
Tennessee, University of, Knoxville, Tenn............ ccc sce ee cece eee e ee eeee C. A. Perkins 
Texas, A. & M. College of, College Station, Texas.......... cese . H. L. Wilke C. C. Yates 
Texas, University of, Austin, Texas................... DL lud wuerde D Ab Martin H. A. Tankersley li A. Correll 
Utah, University of, Salt Lake City, Utah... 0... oc ee eee N. M. Chapman Garnett Littlefield . E. Mendenhall 
Vermont, University of, Burlington, Vt..........0 0.00. cece cee ee en F. L. Sulloway L. G. Cowles L. P. Dickinson 
Virginia Military Institute, Lexington, Va............ 0.0 ccc eee eee eens Lomax Gwathmey R. A. Wright S. W. Anderson 
Virginia Polytechnic Institute, Blacksburg, Va............02 0 eee M. B. Cogbill A. G. Colllins Claudius Lee 
Virginia, University of, University, Va.......... 00.2 cece cece cece eee ere C. E. McMurdo L. R. Quarles W. S. Rodman 
Washington, State College of, Pullman, Wash................00. ccc eueceetes H. B. Tinling J. B. Danielson R. D. Sloan 
Washington University, St. Louis, Mo... lounen eee eet tan W. L. Knaus H. G. Hake 
Washington, University of, Seattle, Wash..........0.0 loe eese Wm. Bolster Arthur Peterson G. L. Hoard 
Washington and Lee University, Lexington, Va....... Oe HERO UC re NE R. E. Kepler Bernard Yoepp, Jr. R. W. Dickey 
West Virginia University, Morgantown, W. Va.................. 020. tan G. B. Pyles C. C. Coulter A. H. Forman 
Wisconsin, University of, Madison, Wis.............. 02-00-20 cee enn Alva Sweet C. M. Jansky 
Worcester Polytechnic Institute, Worcester, Mass......... issus. lees F. J. McGowan, Jr. H. P. Shreeve E. W. Starr 
Wyoming, University of, Laramie, Wyoming........ eee cee ee eens J. O. Yates E. C. Moudy G. H. Sechrist 
TE jane New Haven, Confort en Gb OU Sees OSEE W ee R. W. Miner J. R. Suvherland C. F. Scott 
ota 
AFFILIATED STUDENT SOCIETY 
Brown Engineering Society, Brown University, Providence, R. I............... S. A. Woodruff 
ORDER FORM FOR REPRINTS OF PAPERS ABRIDGED IN THE JOURNAL 
(September 1928) 
Number Author Title 
[] 28-96 M.S. Coover and W. D. Hardaway....... Transmission Experience of the Publie Serviee Company of Colorado 
[]28-62 W. W. Lewis.............- eene enne Relation between Transmission Line Insulation and Transformer 
Insulation | 
[] 28-67 Philip Sporn..... ...............sesee Rationalization of Transmission System Insulation Strength 
C] 28-90 R. W. Lindsay. .......... sees Utilization of Lodgepole Pine Timber for Poles 
[] 28-54 R.A. Hentz.........seseese 0008. Electrical Features of Conowingo Generating Station and the 
Receiving Stations in Philadelphia 
g 28-56 A. Wilson.. ......... 0... cc ccc The Conowingo Hydroelectric Development 
C] 28-119 C. F. King, Jr......... 0c. eee ee Power Supply for Railway Signals 
[]28-86 H. W. Drake, Chairman... ............. Report of Committee on Electrical Communication 
T 28-103 P. Torchio, Chairman .................. Report of Committee on Transmission and Distribution 
[]28-97 Preston S. Millar, Chairman............ Report of Committee on Production and Application of Light 
NBTHO. i oboe costes beh DASS DEP qii utei acted deu S duod aam 
INGOTOSS 3405 crecen mue A OR ewes aw? bee ae ee dae eee 


Please order reprints by number 


Adress Order Department A. I. E. E., 33 West 39th Street, New York, N. Y. 


696 INSTITUTE AND RELATED ACTIVITIES 


PRLLLLILLLLLDLLLLLT LUTTE LLLETELLLLLTTITELLLLELEECEELELTETEELTTLETT TET TLETETTEETETTTLETTETETETITETTTTTTTTTTITTTTTTTHTT CTTTTTTTT T TETTTTCTT TT TIT E FLTTETTTTTTTTETTT ETTT CLTTTTTTTT TTL CTTTTTTLELTTTTTLTT TEETTE TIT CETTETTTEL TTETITTTLTITTTTTE TTTT UT TTITTTETTTT TITETTTTTTTTTTTIT TITIT TIT TT LTTTTTTTTTTTIT TTTTTTTTTTT LETTCLTTTTTTTT TIT LTTTTTTTTLTIT UIT ITLTIETITILTTTT TITEL ETE TTTTTTERTITLDTLTTTETUTTETTITTII DIT e d 


DIGEST OF CURRENT INDUSTRIAL NEWS 


LLLLTCTLHLLTELLETELTTIELLLELITLI 


Journal A. I. E. E 


LELLELEELELTELTTTLTLLT LLL IET 


ELLLLLLELLELCTTTTLTTETHTLTLLUTTTETLLLELTTLTLETTLTTLTTETTTTETTETTPTPNTETTCETTETTEPLTTETIPT TETTE PEEL TTLETETTT T TRE TE TETTE PTT EEPEPTETPRYTTTCPTETTE TETTE TIPP PETIT DET PIE RETTIT TETTITTITTST DET DITE TIYTETTETTEY TETTPTTIY CIT TY TET TITTTTE TET TETTTTTT PEYTITTTPPETTETTTTTHTETTEHTETTTTTTTCTTTTTETTETTLTCTTTTTETTEETILTIT DTCTITTIE TETTTTTETITTIIT TITRE TTTETTTRTICTTOTTITITIITTR 


NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 


Oil Circuit Breakers.— Bulletin 473, 4 pp. Describes Condit 
type MO 1 motor operated closing mechanism for oil switches 
and circuit breakers. Bulletin 458-3, 4 pp. describes switch 
houses for outdoor service. These are used to provide protec- 
tion for switching equipment where the power required is too 
small to justify the erection of a substation. Condit Electrical 
Manufacturing Corporation, Boston, Mass. 

Grounding Methods.—Bulletin 70, 24 pp. A compre- 
hensive treatise on grounding methods for power house supply 
stations and large industrial plant installations. Power ground- 
ing equipment and ground testing meters are described. Borden 
Electric Company, 480 Broad Street, Newark, N. J. 

Network Protectors and Relays.—Instruction Book I. B. 
5414, on Westinghouse type CM-2 network protectors and 
relays. Besides giving complete instructions for the installation 
and care of this equipment the book is useful as a source of 
information to engineers and others interested in the appli- 
cation of network protection. Four different types of protec- 
tors are covered by this book, namely, 500, 800, 1200 and 1600 
ampere capacities. Illustrations include diagrams and photos 
of the apparatus and also numerous drawings showing oper- 
ating characteristics. Westinghouse Electric & Manufacturing 
Company, East Pittsburgh. 

High Tension Switches.—Bulletin 15, 20 pp. Describes 
Pacific Electric types “Y” and "YS" switches for voltages up 
to and including 220 kv. These switches are a development of 
many years of switch manufacturing of this design, embodying 
features that have proved valuable in the older designs, and 
which have been standardized for uniformity in the present 
type. Pacific Electric Manufacturing Corporation, 5815 Third 
Street, San Francisco, Cal. 

Oil Circuit Breakers.— Bulletin L20360, 4 pp. Describes the 
new Westinghouse type FO-24 breaker, designed specifically for 
outdoor service, and available in single-throw two- and three-pole 
construction, and in capacities of 400, 600 and 800 amperes for 
application to operating voltages of 15,000 or less. Motor, 
solenoid and manual-operated mechanisms, mounted directly 
on the frame or pole unit and enclosed in weather proof housings, 
are applicable to all ampere capacities and pole sizes (of 
the breaker. Westinghouse Electric & Mfg. Company, East 
Pittsburgh, Pa. 

Live Circuit Indicator.—Bulletin 130, 4 pp. Describes 
the new Minerallae Statiseope for the protection of the elec- 
trical worker and designed to give positive indication of alter- 
nating current potentials of 2300 volts and up. It is a glow- 
tube form of eleetroscope eneased in hard rubber about the size 
of & fountain pen. When placed in proximity to any live eon- 
duetor a glow will appear in the little window directly over the 
tube indieating the presenee of potential. At 2300 volts it will 
operate at a distance of approximately eight inches, and at 
16,000 volts at a distance of about 36 inches. It is thus possible 
to approximate the voltage of the e*nduetor being tested. It 
will also operate on lower potentials than 2300 volts by decreasing 
the distance between the conductor and instrument. Minerallae 
Eleetrie Company, 25 No. Peoria Street, Chicago, Ill. 


NOTES OF THE INDUSTRY 


Increased Prices on Fuseswitches.— The W. N. Matthews 
Corporation, 3706 Forest Park Boulevard, St. Louis, Mo., an- 
nounees an increase in prices on open type Matthews Fus- 
switches, made necessary because of the increase in materials. 
An increase has also been made on the company’s Scrulix 
anchors. Revised price sheets are ready for distribution. 

Underground Cable Boxes With Air Valves.—The G. & W. 
Electric Specialty Company, 7780 Dante Avenue, Chicago, IIL, 


are now supplying their underground cable boxes with air 
valves to supplement tests made at factory. These valves are 
similar in size to those on automobile tires. The valves are 
used for testing subway boxes for air tightness after boxes have 
been installed in manholes and after boxes have been opened and 
again reclosed. All that is necessary for making the air test is 
an ordinary automobile air pump and a low pressure gauge. 
New Sunshine Carbon Arc Lamp.—a<An addition to the 
widely known “Eveready” family in the form of a product that, 


. incidentally, will open a new field to the central station for 


merchandising of off-peak current, soon will be announced by 
the National Carbon Company, Ine. Cleveland, Ohio. 
Besides developing several special types of therapeutic 
carbons for the use of physicians and hospitals for their particu- 
lar work in light therapy, the company has also perfected two 
new products, namely, ''Eveready'" sunshine carbons and 
"Eveready'" sunshine carbon are lamps. An almost unlimited 
market is anticipated, as the subject of sunlight and ultra violet 
rays has a unique and widespread appeal. It is understood that 
the new lamp will be introduced to the public through a national 
campaign of advertising. l 

Largest Installation of Supervisory Control Equipment. 
—The largest single supervisory control equipment in the world 
is now being assembled for the New York Edison Company, 
according to the Westinghouse Electric & Manufacturing Com- 
pany at East Pittsburgh, Pa. The equipment will be installed 
in New York City to control the Riverside Substation at 238th 
Street from a dispatching office located in the 188th Street 
Station. 

The supervisory equipment is of the synchronous visual type 
and is entirely mounted on standard steel switchboard panels. 
The equipment is arranged to ultimately control and supervise 
115 pieces of apparatus, supervise only, 43 pieces of apparatus 
and indicate 95 selective remote meter readings. The apparatus 
controlled consists of high and low tension breakers, bus tie and 
bus grounding breakers, feeder breakers, voltage regulators, 
blower motors and battery charging m. g. sets. Supervision 
only of transformer temperatures, live lines, battery voltages, 
potential transformer fuses, battery and bus ground detectors, 
station service automatic transfer switch and substation door is 
provided. 

New Cooling System Increases Capacity of Electrical 
Equipment.—It is claimed that up to 50 per cent more power 
ean be handled by the same size electrical apparatus equipped 
with a new system of cooling introduced by the General Electric 
Company. Use of hydrogen gas within a totally-enclosed rotat- 
ing machine has made this possible without increasing the oper- 
ating temperature beyond the point of safety. 

The first commercial application of the new system of hydro- 
gen cooling has been made with a synchronous condenser 
installed by the New England Power Company at its Pawtucket, 
R. I., substation. If the condenser were air-cooled, as are all 
other condensers today, its capacity would be 10,000 kilovolt- 
amperes; but by having it hydrogen-eooled its capacity has been 
inereased to 12,500 kilovolt-amperes. With hydrogen at 15 
pounds per square inch gauge pressure, the machine could 
deliver 15,000 kilovolt-amperes without exceeding the normal 
temperature guarantees, according to General Electric engineers. 

The advantages of hydrogen cooling are numerous. Not 
only is the capacity increased for a given size of machine, but 
oxygen and dirt are excluded by the air-tight casing. Hydrogen 
will not support combustion, and fires of any kind—even from 
short cireuits—are consequently impossible. Hydrogen also 
eliminates the effect of corona on the insulation. The usual 
air-cooled machine must be placed within a building; but the 
hydrogen-eooled equipment, being totally enclosed ean be placed 
outdoors, with a resultant saving in building cost. 
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A MESSAGE FROM THE PRESIDENT 


Our Membership | 


HEALTHY growth of the Institute with a continued forward march in step with the | 
Buses of the electrical industries requires that there be a fairly continuous influx of | 
desirable new members. i 
If membership in the Institute shall carry with it an indication of merit and a mark of | 
distinction the classes of membership should be carefully guarded. | 

Here are two fundamentals affecting the well being of the Institute which concern every 

member. 
O-n 

The Membership Committee promotes activity leading to membership increase. It is 
not of the so-called booster committee type. While its principal aim is the adding of mem- | 
bers it keeps in mind that only such men are worth having as can appreciate the great advan- 
tages of membership once they have been pointed out to them. 

This Committee has two main lines for action: 

A—To see that men who seem to be of the type to make desirable members are exposed 
to the influence of the Institute, principally through Section activities; 

B—To help make Section activities of the kind that will appeal to such men. 

“A” requires personal work, such as visits to prospects and, in some cases, interviews 
with their chiefs to learn of the desirability of the prospect as a member and to obtain support 
in interesting him in the worth of the Institute. 

For "B" the local Membership Committee representative should preferably be on the 
Section's program committee. 

As a further step it is suggested that where a section is located in one of the larger centers 
it should have an Engineering Graduates Committee of which the local Membership Com- 
mittee representative is a member. This committee could obtain the names of former enrolled | 
students who have found employment in its city. By showing an interest in these young | 
graduates their interest in remaining identified with the Institute should readily be obtained. I 

Surely here is a field for the Membership Committee (and every Institute member | 
should feel himself a part of it) where successful results bring high returns both to the young 
engineer and to the Institute. 


D we c E 


Of our present membership of over 18,000 nearly 80 per cent are Associates. If it were 
a fact that four-fifths of today's American electrical engineers are "qualified to fill a subor- 
dinate position in engineering work, or identified in a responsible capacity with an electrical 
enterprise," but that only one-fifth have reached the higher qualifications for Member or 
Fellow, then this would indeed be a sad reflection on the progress of our electricals these past : 
decades. Of course, that is not a fact but the true condition should be expressed by transfer : 
to the higher grade of those who qualify. A glance at the Year Book shows them on nearly 
every page. 

Less than 4 per cent are Fellows. That also seems a bit low and the Year Book discloses 
the names of many Associates and Members who fully qualify for the highest grade. 

This suggests a thought on our system of grading and on the desirability of having the ` 
applicant state the grade himself. Would it not in general be preferable to have the appli- 
cant’s sponsors or references state the grade for which they recommend the applicant, setting 
forth fully their reasons for the recommendation? This is done with success in at least one | 
large engineering society. It would be interesting to hear from our members on this point. | 
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Nomination of Officers 
of the A. I. E. E. 


The actions specified in the Institute’s Constitution 
and By-laws relative to the organization of a National 
Nominating Committee are being taken, and the meet- 
ing of the National Nominating Committee for the 
nomination of officers to be voted upon at the election 
in the Spring of 1929 will be held between November 15 
and December 15. All suggestions for the considera- 
tion of the National Nominating Committee must be 
received by the Secretary of the Committee at Institute 
Headquarters, New York, not later than November 15. 

The sections of the Constitution and By-laws govern- 
ing these matters are quoted below: 


CONSTITUTION 


28. There shall be constituted each year a National Nominat- 
ing Committee consisting of one representative of each geograph- 
ical district, elected by its Executive Committee, and other 
members chosen by and from the Board of Directors not ex- 
ceeding in number the number of geographical districts; all to be 
selected when and as provided in the By-laws; The National 
Secretary of the INsTiTUTE shall be the secretary of the National 
Nominating Committee, without voting power. 

29. The executive committee of each geographical district 
shall act as a nominating committee of the candidate for election 
as vice-president of that district, or for filling a vacancy in such 
office for an unexpired term, whenever a vacancy occurs. 

30. The National Nominating Committee shall receive such 
suggestions and proposals as any member or group of members 
may desire to offer, such suggestions being sent to the secretary 
of the committee. 

The National Nominating Committee shall name on or before 
December 15 of each year, one or more candidates for president, 
treasurer and the proper number of managers, and shall include 
in its ticket such candidates for Vice-Presidents as have been 
named by the nominating committees of the respective geo- 
graphical districts, if received by the National Nominating 
Committee when and as provided in the By-laws; otherwise the 
National Nominating Committee shall nominate one or more 
candidates for vice-president(s) from the district(s) concerned. 


BY-LAWS 


Sec. 21. During September of each year, the Secretary of 
the National Nominating Committee shall notify the chairman 
of the executive committee of each geographical district that by 
November Ist of that year the executive committee of each 
district must select a member of that district to serve as a member 
of the National Nominating Committee and shall, by Novem- 
ber 1st, notify the secretary of the National Nominating Com- 
mittee of the name of the member selected. 

During September of each year, the Secretary of the National 
Nominating Committee shall notify the chairman of the execu- 
tive committee of each geographical district in which there is or 
will be during the year a vacancy in the office of vice-president, 
that by November 15th of that year a nomination for a vice- 
president from that district, made by the district executive 
committee, must be in the hands of the Secretary of the National 
Nominating Committee. 

Between October Ist and November 15th of each year, the 
Board of Directors shall choose five of its members to serve on the 
National Nominating Committee and shall notify the secretary 
of that committee of the names so selected, and shall also notify 
the five members selected. 

The Secretary of the National Nominating Committee shall 
give the fifteen members so selected not less than ten days’ 
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notiee of the first meeting of the committee, which shall be held 
not later than December 15th. At this meeting, the committee 
shall elect a chairman and shall proceed to make up a ticket of 
nominees for the offices to be filled at the next election. All 
suggestions to be eonsidered by the National Nominating Com- 
mittee must be received by the secretary of the committee by 
November 15th. The nominations as made by the National 
Nominating Committee shall be published in the January issue 
of the A. I. E. E. JOURNAL, or otherwise mailed to the INSTITUTE 
membership during the month of January. 


F. L. HurTcHiINS80N, 


October 1, 1928 National Secretary 


Some Leaders 
of the A. I. E. E. 


FRED STANLEY HUNTING, Manager of the Institute 
1911-1914 and its vice-president from 1914 to 1916, 
was born at Templeton, Massachusetts, on the thirtieth 
of September 1867. 


After graduating from the Templeton High School in 
1884, he entered upon a course at the Worcester Poly- 
technic Institute, from which he graduated in 1888 with 
a degree in Mechanical Engineering. He later ob- 
tained his B. S. degree from this same school, ranking 
second in his department. 


Immediately after graduation, he entered the employ 
of the Fort Wayne Electric Company, where, for the 
first three years, he was engrossed in experimental 
testing work and the design of electrical apparatus. 
He made a special study of the development of trans- 
formers and a-c. distribution and performed some 
unique tests on electrical apparatus. Later he was 
appointed assistant to M. M. M. Slattery, then chief 
electrical engineer of the company, and in September 
1893, Mr. Hunting became chief construction engineer, 
directing the installation of many representative plants. 
Subsequently he was chosen treasurer and sales manager 
of the company, and ultimately was elected its vice- 
president and treasurer. 


In 1911 he received his appointment as general mana- 
ger of the Fort Wayne Works of the General Electric 
Company, and in this capacity he served until 1922, 
when he joined the Robbins & Meyer Company, of 
Springfield, Ohio, as its president. 

Several large central station switchboards are the 
products of his ability in electrical design work; for 
some time was associated with Mr. C. S. Bradley—also 
a member of the Institute—in his laboratory experi- 
mental and development work carried on in New York 
City. 

Mr. Hunting retired from active business a short 
time ago, and has recently been made a Member for 
Life of the Institute, which he joined in 1892 as an 
Associate. He was transferred to the grade of Fellow 
in 19183. He is a director of the Lincoln National Life 
Insurance Company, a member of the Commercial and 
Country Clubs of Springfield, Ohio, and also of the Union 
Club of Cleveland. 


Economies in Central Power Service 


as Illustrated by the Duke Power System 
BY W. S. LEE 


Fellow, A. I. E. E. 


Synopsis.—T his paper inviles the attention of the engineering 
profession to the advantages and economies which may be obtained 
by coordinating both hydro and steam power stations of various 
kinds, and electric transmission and distribution lines serving 


VERYONE who studies the statistics on electric 
power output in the United States will be amazed 
at the rapid growth of the electrical industry 

during the past decade and how, by the construction 
of larger and larger commercial electrical central 
stations and the merging of existing electrical proper- 
ties, the increasing demand for electricity for lighting, 
power, and transportation was met. 

Through this centralization, it was made possible to 
give uniform and dependable service to the customer, 
to maintain the same rates, and even lower them to 
domestic consumers in the face of increasing costs of 
labor and materials, to make the investments in proper- 
ties of such character safe and attractive, to afford the 
support of an organization highly trained in the efficient 
planning, constructing, operating and improving of 
utility systems, to make purchases in large quantities 
and to aggressively engage in building-up the electric 
light and power business. Other advantages are the 
grouping of hydro and steam power stations of various 
kinds to permit the full and economical utilization of 
the available natural resources of power. 

The large generating plants deliver the electric energy 
to trunk transmission lines which feed the distributing 
systems of cities and. towns and furnish power to the 
lines at industrial centers. In addition, interconnec- 
tions of trunk lines of the transmission systems of large 
independent power companies operating in adjoin- 
ing territories provide means for marketing wholesale 
power blocks from one utility to another, for inter- 
change of power between systems and, in case of 
emergency, for stand-by service. 

Due to their higher plant efficiencies and the lowering 
of construction costs, the number of large steam electric 
generating stations is rapidly increasing and water- 
powers of large size, which were considered uneconom- 
ical on account of the inability of marketing such 
large blocks of power within a reasonable period of time 
by local utilities, are being developed. Industrial plants 
abandon operation of theirold inefficient power stations, 
and wasteful generating stations of small suburban 
electric properties are being shut down. An increasing 
number of manufacturing plants is being located away 


1. Vice-president and Chief Engineer, Duke Power Co., 
Charlotte, N. C. 

Presented at the Regional Meeting of Southern Dist. No. 4 of the 
A. I. E. E., Atlanta, Ga., Oct. 29-31, 1928. 


a large industrial territory in a unified and centrally controlled 
system. For illustration, a general description of the generating 
and distribution system of the Duke Power Company, operating in 
the Pied mont section of the Carolinas, ts given. 


from the large centers of population, this trend towards 
decentralization being made possible by reason of the 
fact that high-tension transmission lines can be tapped 
at suitable locations away from metropolitan areas. 
Old inefficient water-power plants are being overhauled 
and existing hydro stations utilizing only portion of the 
available water-power of the stream are being rebuilt 
and enlarged so as to lower the cost of the electric 
power generated. 

A striking example showing the development of a 
local concern organized for the sale of electricity gener- 
ated at a single water-power plant about 23 years ago 
to one of the largest central stations generating and dis- 
tributing systems in the world is given by the Duke 
Power Company operating in the Piedmont section of 
the Carolinas. This company is now operating a 
number of hydro and steam electric plants having an 
aggregate installed capacity of 873,895 kv-a., and the. 
power is fed into a transmission and distribution system 
consisting of approximately 4000 mi. of circuits, of which 
about 50 per cent are 100,000-volt steel tower lines. 
One hundred and sixty thriving industrial communities 
and many isolated cotton mills and factories are served 
by these lines, and in 1927 the total power generated 
and purchased by the Duke Power System amounted 
to 1,745,776,428 kw-hr. This compares with an 
average output of 19,000,000 kw-hr. of the old Catawba 
Station, which was the first plant operated and which 
was redesigned and reconstructed in 1925. 

The generating system of the Duke Power Company 
may be subdivided into the following groups: 

1. Hydro stations which use the fall and run of the 
river. 

2. Hydro stations which use the fall and run of the 
river plus a small amount of storage taking care of the 
night and Sunday flow and, perhaps, of minor weekly 
fluctuations of the flow of the river. 

3. Hydro stations which have a large storage capac- 
ity behind them and which are used as a valve, or 
outlet, to supply the deficiency in power of other sta- 
tions during low-water seasons. 

4. Steam plants designed to operate intermittently 
and during low-water periods, termed ''stand-by plants.” 

5. Steam plants designed to operate twelve months 
of the year and capable of supplying a constant amount 
of power, termed “base plants.” 

Of special interest are the twelve hydro stations 
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located on the Catawba River the flow of which is 
almost completely regulated so that all these stations 
may be classed under Group 3. Beginning with the 
power plant farthest upstream, the names and installed 
capacities of these stations are as follows: 


Name of Rated capacity 
hydro station of station 
on Catawba River kv-a. 
Bridgewater................20005- 25,000 
Rhodhiss................00 eese 21,875 
Oxford eect oc eth ele es 45,000 
Lookout Shoals................... 23,400 
Mountain Island.................. 75,000 
Catawba. oco VIR EP TAX SEE 75,000 
Fishing Creek.................... 37,500 | 
Great Falls....................0.. 30,000 
Dearborn.................. esses. 56,250 
Rocky Creek..................... 30,000 
Cedar Creek..................sss. 56.250 
Wateree.... 0.2... ccc n 70,000 
"Totali. $i xe TELAM 555,275 


The Bridgewater, Rhodhiss, and Oxford Stations, 
located in the upper region of the Catawba River, and 
the Catawba Station, located below the junction of the 
South Fork of the Catawba River, have large storage 
reservoirs behind them for the retention of the flood- 
waters and excess flow of the river. 

The aggregate installed capacity of the six steam 
power plants is 244,313 kv-a., of which the BuckStation, 
using powdered fuel and having a rated capacity of 
87,500 kv-a., is to be classed under Group 5. It should 
be added that the Duke Power Company now has 
under construction a large powdered fuel steam power 
station on the Catawba River near the Mountain 
Island hydro station, where an amplesupply of condens- 
ing water is available. This station is located closest 
to the center of gravity of the entire load system and 
the initial installation will consist of two 60,000-kw. 
units, whereas the plans call for an ultimate installation 
of 480,000 kw. 

The hydro stations to be classed under Groups 1 and 
2 are operated in conjunction with the stand-by steam 
plants under Group 4, which arrangement will permit 

the most effective utilization of the stream flow under 
the conditions. The locations and rated capacities of 
these stations are as follows: 


Rated 

Name of Name of eapaeity of 

hydro station River station kv-a. 
Gaston Shoals.......... Broad.......... 12,750 
99 Island............... Broad.......... 22,500 
T'üxedo vsu sad emo Meee Green.......... 6,250 
Turner................. Green.......... 6,880 
Portman Shoals......... Seneea......... : 9,500 
Gregg Shoals........... Savannah....... 2,250 
Lake Lure.............. Roeky Broad.... 4,500 
SAIC As vordere Saluda......... 2.600 
Idols. dash pv EMPREWREDS Yadkin......... 1,000 
Plants of less than 1000 kv-a. capacity.. .. 6,077 
TOURS soient dde 74,307 
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The steam power plants are located at strategical 
‘points of the system; combining Groups 4 and 5, 
they are: 
Rated 
capacity of 
station kv-a. 


Name of 
steam station 


BuGk ees pices Roe doe oe ee ees 87,500 
En e oi eho 5 cara ESSA eR Sete 31,250 
Greensboro................... 8,000 
Greenville.................0.. 8,000 
Mount Holly................. 45,500 
TIPO oii nde care eee NO dris 37,500 
Stations leased................ 26,563 

Total cames a Y 244,313 


A summary giving the generating capacity of the 
Duke Power System, arranged by groups, discloses the 
following interesting facts: 


Per cent 
Total rated of total 
Number eapaeity of capacity of 
of group stations kv-a. entire system 
Hydro No. 1..... 7,774 .......... 0.89 
Hydro No. 2.... 66,530 .......... 7.61 
Hydro No. 3.... 555,275 .......... 63.54 
Steam No. 4..-. 156,813 .......... 17.95 
Steam No. 5.... 87,500 .......... 10.01 
All groups..... 873,805 100.00 


If the steam power station of 150,000 kv-a. initial 
capacity now under construction is included, the ratio 
of steam to total generating capacity of the system will 
be increased from 27.96 per cent to 38.51 per cent. 

To give an outline of the transmission and distnbu- 
tion system of the Duke Power Compány, 100,000-volt 
double-circuit feeder lines from points of concentration 
of power generation tap the 100,000-volt double-circuit 
trunk lines running through the load centers of the 
Piedmont Section of the Carolinas. At these centers, 
the current is stepped down to 44,000 volts and delivered 
to the distribution system. The object of using the 
lower voltage is to reduce the cost of the substations 
serving the large power customers and publie utility 
branches of the company; and wherever feasible, a 
generating station is tied-in directly to the 44,000-volt 
system to avoid double transformation. 

At present approximately the following lines are in 
operation: 


Approximate 
Voltage length of cir- 
of eireuit cuit miles 
100,000................ 2000 
44,000................ 1900 
I3 200. er 100 


The standard secondary delivery voltages are 575 
and 2300. 

Interconnection of the Duke Power Company's 
trunk lines is made for delivery of large blocks of power 
to it at the High Rock Station on the Yadkin River of 
the Tallassee Power Company, and a line iscontemplated 


Oct. 1928 


for connection with the hydro plant of the Lexington 
Water Power Company, now under construction on 
the Saluda River near Columbia, S. C. Interconnections 
for interchange of power and stand-by service are made 
with the trunk lines of the South-Eastern Power 
Company and the Carolina Power & Light Company. 
In the process of development of the Duke Power 
Company effort was made to maintain the entire system 
in, good operating condition and to obtain the best 
results by making improvements on existing plants 
wherever necessary, even to the extent of abandon- 
ing old plants in the interest of fuller and more efficient 
utilization of the properties. This latter policy was 
followed up with the fullest success in the case of the 
old Catawba Station representing an investment of 
more than one million dollars. 
. As already mentioned, this hydro plant containing 
eight rope-driven generators of a total capacity of 8000 
kv-a. was built 23 years ago. The normal head at this 
station was 23 ft. and the over-all efficiency of the plant 
was about 70 per cent. The storage capacity of the 
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raised so that the water would back to the tail-race of 
the company's Mountain Island Station, 25 mi. further 
upstream, thus creating another large storage reservoir, 
and the building of an entirely new power house. By 
the adoption of this latter scheme, not only a reservoir 
of approximately ten billion cubic feet available storage 
capacity was created, making an additional regulated 
flow available at the existing stations on the lower 
Catawba River with a combined head of 250 ft., but 
the installation of the new power station could be 
increased from 8000 kv-a. of the old station to 75,000 
kv-a. due to the higher head of 70 ft. and full utilization 
of the regulated stream flow. | 

The map in Fig. 1 shows the outline of the states 
of North and South Carolina. There is shown by dots, 
each 10,000 spindles located within these two states. 
It will readily be noted that the industrial expansion 
follows the transmission lines of a central system. 

Notwithstanding the great industrial development in 
the Carolinas during the last ten years, the prospects 
for further growth of the electric light and power 
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pond was practically negligible and to obtain the benefit 
of the night and Sunday flow, the plant had to be oper- 
ated continuously. Furthermore, the available uniform 
flow at this station was considerably augmented due to 
the regulating effect of the large storage reservoirs, 
since built on the Uppér Catawba River. The question 
therefore arose whether additional machinery should be 
installed and the old plant overhauled or the dam be 
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businessare very bright. Thedemandforpowerandlight 
in the home, on the farm and in industries is increasing 
steadily and new fields are being opened up constantly. 

In anticipation of this ever increasing demand for 
electric energy, the Duke Power Company is going 
ahead with a definite program of extensions and im- 
provements to its system to meet future service 
requirements. 
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High-Speed Circuit Breakers 


BY T. W. McNAIRY! 


Associate, A. I. E. E. 


Synopsis.— High-speed circuit breakers have been successfully 
applied to d-c. railway systems for a number of years, but designs 
suitable for application on 12,000-volt single-phase systems have not 
been available until recently. 

A description of an air circuit breaker design suitable for 12,000- 
volt applications and having a speed of operation comparable with 
the d-c. type has been included. 

The method of applying the magnetic type of mechanism pre- 
viously used for d-c. breakers to the a-c. type breaker has been 


I. INTRODUCTION 


Hie circuit breakers were first applied on 
d-c. railway systems for the protection of commu- 

tating apparatus against the effects of short 
circuits or flashover. Later development led to their 
application to all of the power circuits of this type of 
system.? 

Recently, both oil and air break type circuit breakers 
having a speed of operation comparable with the d-c. 
type have been developed, and commercial designs 
suitable for application on a-c. railway systems for 
voltages up to 12,000 are now available. 


II. ADVANTAGES OF HIGH-SPEED OPERATION ON A-C. 
RAILWAY CIRCUITS 


High-speed operation of the protecting breakers for 
single-phase a-c. systems reduces the effects of short- 
circuit stresses on transformer and generator windings, 
and in the same manner as on d-c. applications, lim- 
its the burning of insulators, conductors, or parts of 
motive equipment by arcs resulting from these short 
circuits. 

One of the most important problems in connection 
with a-c. railway electrifieations is that of inductive 
interference with adjacent communieation and signal 
circuits under short-circuit conditions. 

It is expected that the application of high-speed 
breakers to a-c. railway systems will greatly reduce this 
interference by reducing to a minimum the duration of 
induced voltages in the parallel circuits. 


III. SPEED OF OPERATION 


The total time required for the operation of the usual 
a-c. circuit breaker may be divided as follows: (1) 
Time required for relay operation; (2) time required for 
the separation of contacts; and (3) time required for 
extinguishing the arc. 

l. Control Division Railway Equip. Engg. Dept., General 
Eleetrie Company, Erie, Pa. 

2. A.L E. E. Trans., Vol. XLV, 1926, p. 962. 


Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25-29, 1928. Complete copies upon request. 
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described. The theory of the operation of the saturated transformer 
type of trip circuit used for (his purpose has been given. 

Typical oscillograms of short-circuit tests, showing the high 
speed of operation on a-c. circuits, are included. 

The method of obtaining selectivé operation in connection with 
railway feeder circuits has also been outlined. 

T he use of this type of breaker on a 12,000-volt single-phase system 
makes possible the same degree of protection and selective operation 
as 1s now being realized on d-c. systems. 


In some forms of breakers, particularly those made 
the subject of this paper, the relays have been elimi- 
nated, the circuit breaker being operated directly by 
the short-circuit current. 

The speed of the operation of themechanism is moreor 
less definitely fixed by the mechanics of the device, and 
separation of the contacts occurs at a definite time after 
the trip point is exceeded. 

For a-c. applications, the preferred breaker is one 
which opens the circuit at the normal zero point of the 
current wave, thereby avoiding undesirable voltage 
transients. 

The duration of the first loop of current is frequently 
less than one-half of a normal cycle. The magnitude 
of the current of such a first loop is not a fair indication 
of the severity of the short circuit, and the breaker does 
not receive full tripping current or current through the 
blowout system until after the second current loop is 
reached. | l 

The design of a breaker to limit all short circuits to a 
single loop of current is difficult, and if successful, the 
relatively powerful current rupturing system might 
reduce the current at a dangerous rate when the first 
loop approaches a cycle in duration. 

It appears therefore that the most logical design of an 
a-c. breaker is one capable of opening heavy short 
circuits at the first zero after à current loop, having a 
duration of one-half a normal cycle or longer. 


IV. OIL vs. AIR TYPE BREAKERS 


One of the most effective means of rapidly increasing 
the are length is by use of the magnetic blowout. 
By applying the magnetic blowout to an oil circuit 
breaker, the necessary contact separation at the instant 
the circuit is interrupted can be greatly reduced, and 
high-speed operation can be obtained with a mechanism 
moving at moderate speeds. 


Where possible, however, elimination of oil is always 
desirable; and this is particularly true for railway 
applications. 


The effect of repeated interruptions on oil circuit 
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breakers is well known. If a given circuit breaker is 
called upon to open a circuit repeatedly without atten- 
tion, the oil deteriorates to such an extent as to endanger 
the reliability of the breaker. Repeated short circuits 
are most likely to occur during bad weather conditions, 
when filtration or changing of the oil is most difficult, 
particularly in outdoor installations. Assuming, there- 
fore, that it is the equivalent of the oil breaker in all 
other respects, the air breaker is much to be preferred 
for this type of service. 

During experimental investigations, a-c. air-break 
breakers have withstood 20 or more maximum short 
circuits, repeated at two-minute intervals, without 
requiring attention or without deterioration of the cur- 
rent rupturing ability, and in this respect they are on 
a par with the d-c. type. 


V. MAGNETIC OPERATING MECHANISM 


Practically all d-c. high-speed breakers are of the 
magnetic tripping type, most designs making use of a 
flux shifting principle where the flux is shifted from a 
holding armature to a magnetic by-pass circuit to 
release the breaker. 

The mechanism has been applied to both oil and air 
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Fig. 3— CONNECTIONS OF THE TRIPPING CIRCUIT FOR THE 
Maenetic Type or A-c. Hrian-SPEED Circuit BREAKER 


type 12,000-volt a-c. breakers. Some means of pro- 
viding a unidirectional current in the tripping coil of 
this type of mechanism is essential for applications on 
a-c. circuits. The saturated current transformer type 
of trip circuit was adopted for this purpose. (Fig. 3). 

The transformers used in the tripping circuit are of 
normal current-transformer design. When there is no 
a-c. through the windings, the flux in the cores of these 
transformers is maintained near the saturation point 
by the direct current through one of the windings of 
each transformer. 

The connections are such that when current of given 
direction is passed through the primary winding of 
both transformers, such as during the first half-cycle 
of an a-c. short circuit, it exerts a magnetic motive 
force to increase the flux in the core of one transformer 
and decrease the flux of the other transformer, 
simultaneously. 

Since the cores of both transformers are initially 
saturated in opposite directions, the decreasing flux 
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in one transformer generates a secondary voltage, 
whereas the transformer in which the flux is increasing 
generates only a slight secondary voltage because of 
saturation in the core. 

The secondary voltages of the two transformers are 
connected in opposition around the tripping-coil circuit, 
and the resultant unbalanced voltage circulates current 
around the circuit formed by the trip-coil transformers 
and resistors, as shown by the current curve of Fig. 4B. 

No matter what the direction of the primary current, 
one transformer will be active on the first half cycle, 
the polarities being such that the current impulse 
through the trip coil is always in the same direction. 
The phenomena is transient and the unidirectional 
current is not maintained under steady state conditions. 

This arrangement does not provide a steady overload 
trip point so that standard types of over-current relays 
are usually provided for this purpose. 

In an endeavor to provide a more complete explana- 
tion of the operation of these saturated transformers, 
the following analysis is offered, with assumptions as 
stated: 

1. The transformer which is active for a given 
direction of primary current is assumed to hold its 
ratio from the instant the flux is started down; that is, 
the exciting current is assumed to be negligible. 

2. The inductance of the transformer which is 
inactive because of saturation has been assumed to be 
constant above the saturation value. The current 
through both the primary and secondary windings of the 
inactive transformer acts to increase the saturation. 

3. It is assumed that the transformer which is inac- 
tive on the preceding half cycle immediately becomes 
active as the total current through the windings is 
reduced to the d-c. saturation value. 

The following symbols are employed: 
L, = Total inductance of trip-coil circuit. 

transformer and tripping coil.) 
R, = Total resistance of trip-coil circuit. 
L, = Total inductance of loading circuit Fig. 3. 
R: = Total resistance of loading circuit Fig. 3. 
I = Total current. 


(Saturated 


tı = Current through trip coil. 

te = Current through coil loading circuit. 
w —2 f. 

t = Time in seconds. 


T = Time constant of main power circuit. 
e = 2.718. 
y = Time phase angle of the starting moment. 

The equivalent circuit for the period during which a 
current impulse is passing through the tripping coil is 
shown on Fig. 3b. 

The current through the tripping coil of the circuit 
breaker is determined by the following equation: 
tı = I M 


t= (Ri + R2) + w? L: (Li + Lo) 


(Ri + Ry? + (Ly + Ly w? ) sin (ot— vy) 
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4 (ek: (R, + R.) — Ri o (Li + La) 
` (Rı + R3) + (Li + L;) Ww 


! 1 2 
pipe e AC es NS ae TIN 
T (Ri + R) — (Li + L») 

The above relation holds only during the period when 
one transformer is active and the other inactive. 

The breaker is released on the first current impulse, 
which exceeds the trip point; and the determination 
of the first tripping impulse is most important in con- 
nection with breaker performance. 

The current through the trip coil of the circuit breaker 


) cos (ot — y) 


NEN 


Fic. 4—CaLcuLATED CURRENT AND FLUX CURVES FOR 


SATURATED TRIPPING TRANSFORMERS USED IN CONNECTION | 


WITH THE MAGNETIC TYPE OF MECHANISM OF THE Á-c. HIGH- 
SPEED CrrcuIT BREAKERS 


(Fig. 4) for a symmetrieal short circuit has been calcu- 
lated for a typical case using equation (6). 


The calculated flux curve is shown by Fig. 4c. 


It will be noted that at the time t, the current through 
the windings of the inactive transformer is reduced to 
the d-c. saturating current value, as the line current 
increases during the second half cycle, a voltage is 
induced in the secondary winding of this transformer. 
From the flux curve Fig. 4c, however, it will be seen that 
the flux of the previously active transformer has not 
yet returned to the saturation value, and therefore 
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there is a period from t, to t; where both transformers 
are active and present full transformer reactance to the 
flow of current, and (ignoring the exciting current for 
the transformers) the total line current flows through 
resistance Rz. 

The flux change in both transformers for the period 
t, to t; is therefore determined by the voltage across the 
loading resistor R: Fig. 3A. 


d 4 
E = 10° In R: N A -gF = [usin wt 
12 x 108 
$ = ENA [— cos wt] 


The corresponding flux curves for the period t, to t», 
until the flux transformer No. 1 again reaches the satura- 
tion point, is shown on 4c. After the saturation is 
reached in the case of No. 1 transformer, a second cur- 
rent impulse is passed through the trip-coil circuit by 
No. 2 transformer, the method of determination being 
the same as for the first impulse. At the conclusion of 
the second impulse ¢;, the flux of the second transformer 
is further from the saturation value than was the flux 
of No. 1 transformer at the end of the first loop, and the 
line current again passes through R: until saturation is 
reached, the period from t; to t, being correspondingly 
greater than the period from t, to tz. 

In this manner, the phenomena is repeated, the period 
in which both transformers are active growing longer 
with each succeeding half cycle until a stable condition 
is reached, where the flux is increasing through one 
transformer and decreasing through the other trans- 
former for the full half cycle. When this occurs, 
the sustained condition has been reached and no further 
current impulses are supplied to the trip coil, so long as 
the line current is not increased. Under steady-state 
conditions the full line current passes through the 
resistance Rz. 

The trip current supplied by this tripping circuit is 
approximately proportional to the increase in line 
current. 

After the steady-state condition is reached, should the 
line current again be increased suddenly, the saturation 
point on one transformer occurs as soon as the line 
current exceeds the steady-state value and further cur- 
rent impulses are supplied through the tripping-coil 
circuit. 


VI. DESCRIPTION OF THE AIR-BREAK CIRCUIT 


BREAKER 


Reproductions of photographs of a 12,000-volt, 1500- 
ampere, single-phase air-break circuit breaker are shown 
A drawing of 
the principal parts of the mechanism is shown in Fig. 5. 

This mechanism is inherently trip free in its operation. 

The high-voltage circuit through the breaker is very 
direct, entering on one side through series blowout coils, 
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one end of which is connected to a stationary contact. 
The circuit is completed through the moving contact 
and arm, and another set of series blowout coils from 
which the connection is made to the second contact 
mechanism, a duplicate of the first. 

When the contacts separate under short-circuit con- 
ditions, the arc is drawn on the arcing horns, and 
detached blowout coils are cut in successively as the arc 
travels along these horns. 

A new feature introduced in this breaker consists 
of high-resistance arcing horns, -made from a special 
material, and designed to absorb a considerable voltage 
as the arc is forced along them under the action of the 
blowout coils. These arcing horns are effective in 
reducing the energy in the arc stream and in reducing 
the flame and noise of the breaker when opening under 
short-circuit conditions. 


VII. CURRENT RUPTURING TESTS ON AIR BREAKER 


This breaker has successfully opened a eurrent of 
24,000 amperes, r.m.s. at 14,000 volts repeatedly. 
A series of twenty OCO tests at 12,000 volts, 22,000 
amperes, r. m. s. were made at two-minute intervals 
without examination or attention of any kind to the 
circuit breaker. 

A single contact and are chute of this type of breaker, 
equivalent to one-half the standard 12,000-volt breaker, 
has opened a maximum current of 41,000 amperes 
r.m.s. at 7000 volts repeatedly, both tests at 14,000 
and 7000 volts being the maximum available at the time 
the tests were conducted. 


VIII. SELECTIVE OPERATION OF THE HIGH-SPEED 
A-c. BREAKER 


Selective operation of high-speed a-c. breakers applied 
to railway feeders is essential. 

The connections shown in Fig. 13 are utilized for 
obtaining selective operation where the unidirectional- 
current impulse type of trip is used. Advantage is 
taken of the unidirectional trip circuit in a differential 
connection. The tripping circuits of all breakers are 
connected to a common bus in such a way that the trip 
current cireulating through any trip coil must return 
through either the trip coils of parallel breakers or the 
saturating resistor indicated on the diagram. When the 
current is increased simultaneously through all breakers 
supplying the feeders in a given direction from the sub- 
station, the tripping current for all of these breakers 
must pass through the saturating resistor shown on the 
diagram, since equal voltages are generated by the 
trip circuits of each breaker. The current required for 
tripping all of the circuit breakers under this condition 
is much higher than when the current is increased 
through one breaker only. 

If, by a short cireuit on one feeder, the current is 
increased suddenly in onebreaker only tripping current is 
supplied to the breaker in the faulty feeder, this current 
returning through the coils of the remaining breakers 
and assisting to hold them closed. 

The tripping current for the breaker is considerably 
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less than when all breakers carry current because of the 
lower impedance of the return circuit for the tripping 
current. 

The operation of the breakers under typical short- 
circuit conditions with eonnections as shown in Fig. 
13 is as follows: 

Feeder Short Circuits. In the event of a short circuit 
on a feeder between substations, the breaker supplying 
this feeder carries a current considerably in excess of 
that of the parallel breakers, since the parallel breakers 
carry the exchange current between substations only. 
Tripping current is supplied to the trip coil of this 
breaker operating it, some of this current returning 
through the trip coils of the parallel breakers in reverse 
direction for tripping and assisting in holding them 
closed. 

In the event of a feeder short circuit directly in front 
of one substation, all of the breakers in the distant 
substation carry equal currents until after the breaker 
in the near substation opens. The short-circuit current 
is removed from all the breakers at the distant station 
by the operation of the breaker feeding the short direct, 
except the distant breaker feeding the faulty trolley. 
The current through this breaker is suddenly increased 
because of the removal of the heavy short-circuit cur- 
rent from the high-voltage transmission line, and this 
breaker is operated, clearing the remaining short circuit. 

Substation Bus Short Circuit. Inthe event of a short 
eireuit occurring on the bus at a given substation, all 
breakers interconnecting the two substations carry 
equal exchange currents. 

These breakers are therefore not operated by the 
high-speed trip, and thebusisisolated by theoperation of 
a standard type of differential relay which opens all 
of the breakers connected to this bus. "The feeders be- 
tween substations are fed from the distant station and 
are not deenergized. 


In the event a short circuit occurs in the step-down 
transformer, or in the high-tension line, the feeder 
breakers between the faulty substation and adjacent 
substation carry equal exchange currents and therefore 
do not receive a sufficiently high tripping current to 
operate. "The faulty transformer or high-voltage line is 
disconnected from the bus by the operation of a stand- 
ard differential relay around the transformer or reverse 
power relays in case of a high-voltage line short, both 
of which operate a circuit breaker on the low-voltage 
side of the transformer. 


CONCLUSION 


The development of both air break and oil break 
12,000-volt a-c. high-speed circuit breakers, having a 
speed of operation comparable with the d-c. type, makes 
possible the same degree of selectivity and protection 
on a-c. electrified systems as has been obtained for a 
number of years on equivalent d-c. systems. 

It is expected that this type of breaker will be partic- 
ularly beneficial in minimizing inductive interference 
in signal and communication circuits. 


Abridgment of 


Extinction of an A-c. Arc 
BY J. SLEPIAN! 
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Synopsis.—The transition from high conductivity to high 
resistivity which an a-c. arc undergoes on extinction ts studied. 
Theory and approximate calculations are given for the rate of 
recovery of dielectric strength of the arc space for short arcs, and 


I. INTRODUCTION 


HE extinction of an a-c. arc as it is effected in 

switches and circuit breakers operating in a-c. 

circuits is fundamentally very different from the 
extinction of the arc in a d-c. switch. In the latter, 
by lengthening or otherwise, the arc is brought into 
such a form that it requires for its maintenance a 
voltage higher than is generated in the d-c. circuit. 
The current then decreases, and if the voltage required 
by the arc remains higher than the generated voltage, 
the current reduces to zero and the arc is extinguished. 
In the d-c. switch, then, it is important that the arc 
voltage be made and kept sufficiently high. 

In the a-c. switch, however, the arc while it is playing 
takes a voltage which is generally smaller than the 
voltage generated in the circuit, and influences the 
course of the current only in a minor way. The current 
following its natural cycle comes to a zero value, and 
at such a moment, the are extinguishes. In a very 
short interval of time embracing this moment of zero 
current, the medium containing the arc returns from 
its momentary condition of a comparatively good 
conductor, carrying current at a low voltage, to its 
normal condition of a comparatively good insulator 
supporting the full generated voltage of the circuit 
with passage of little current. It is this rapid transition 
at the moment of zero current, from the state ofa 
highly conducting are to the state of an insulating non- 
ionized gas which is important for the extinction of the 
arc in an a-c. switch. "This transition must be made 
sufficiently rapidly if the arc is not to recur. 

The study of this transition from arc to insulating 
gas at zero current is therefore not only interesting in 
itself but is important in that it may reveal principles 
leading to improvements in a-c. circuit breakers. This 
paper covers ideas on this subject developed by the 
author and his co-workers during the past few years. 


2. TRANSITION TIME AND EXTERNAL CIRCUIT 


Let us first consider the question of the time 
available for the transition from arc to dielectric at the 
current cycle end in a circuit breaker operating in a 
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results are given of experimenta on short arcs, and arcs in holes and 
slots in insulating material and insulating plates. The influence of 
chemical activity 1n arc gases 1s discussed. Factors contributing to 
the success of Lhe a-c. oil circuit breaker are suggested. 


practical reactive circuit. It is quite clear that this 
transition requires a finite time to be effected; that it 
cannot take place instantly. The conductivity of the 
medium carrying the arc cannot disappear suddenly. 
Being due, as we shall assume in this paper, to the 
presence of ions, time must be given for these ions to 
disappear, either by neutralizing their eharges among 
themselves by recombination, or by discharging into 
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the electrodes. Now how much time is available for 
this deionization in a practical circuit? 

Consider first the circuit of Fig. 1, consisting of an 
a-c. generator of large capacity in series with a reactor 
and an arc. Assuming that the are voltage is small as 
compared with thegenerator voltage, the current will lag 
by nearly 90 deg., asin Fig. 1e. The voltage across the 
arc will of course be in phase with the current, as in Fig. 
ld. Now if at the end of a half cycle of current, the arc 
should become extinguished and the current remain 
zero, the voltage across the electrodes would at once 
rise to the terminal voltage of the generator at that 
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time, and because of the phase relationships, this would 
be the peak of the generated voltage. Hence, in such 
a circuit, no time whatever would be allowed for the 
arc to lose its conductivity at the end of a current cycle. 
If the arc becomes extinguished then, the space would 
immediately have to support the full generated voltage. 
An arc whose voltage is low relative to the generated 
voltage could not become extinguished in such a circuit. 

However, it is only an ideal reactor which could func- 
tion to produce the results just mentioned. Every actual 


(a) Circuit with Actual Reactor 


(b) Arc Voltage — 
Fia. 2 


. apparatus must have electrostatic capacity as well as 
inductance. An actual reactor may be considered as 
acting as if it were an ideal reactor shunted by a small 
condenser, as shown in Fig. 2a. With such a shunted 
reactor, the voltage across the arc space will not rise in- 
stantly after arc extinction to the generator value, but 
will come on gradually as the reactor undergoes an oscil- 
lation. This is shown in Fig. 2b on a time scale much 
expanded as compared with Fig. 1. The time for the 
voltage impressed across the are terminals to reach 
generated voltage is one quarter of the period of a 
natural oscillation of the reactor. This we may call the 
time available for the transition from the conducting 
arc to the insulating gas space. 

This result can evidently be generalized, and we may 
say that the time available for transition is always as 
great, or greater, than a quarter of a period of free oscilla- 
tion of the circuit external to the arc. In practical 
power circuits, the frequency of free oscillation may 
vary from the order of 100,000 cycles per sec. for the case 
of a current limiting reactor to only a few hundred cycles 
for the case of a very long transmission line. The time 
available for the extinction process in the arc, varies 
then from 2.5 microseconds to several thousand micro- 
seconds, depending on the character of the external 
circuit. | 

From this it would seem that under certain conditions 
the interrupting capacity of an a-c. switch may be 
greatly affected by the nature of the circuit in which it 
operates. 

3. THE ELECTRIC GRADIENT IN AN IONIZED GAS 
BETWEEN CLOSELY SPACED ELECTRODES 
In the last moments of the arc current and im- 
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mediately following the current zero, the factors pro- 
ducing new ions have in general ceased their activity, 
and the ions already in the gas are diminishing rapidly 
in number by recombination. The rising voltage 
impressed upon the arc terminals by the external circuit 
acts therefore upon a gas space containing a diminishing 
density of ionization. Then the question naturally 
arises as to what is the dielectric strength of an ionized 
gas as a function of its density of ionization. 

Important in the determination of the dielectric 
strength is the distribution of the electric gradient in the 
ionized gas. Itis at once clear that the distribution will 
not bea uniform one. Although, initially, the densities 
of the positive ions and negative ions may have been 
everywheré equal, as a result of the application of the 
electric field this equality is disturbed, and space charges 
appear which cause the electric field to be distorted. 
At the cathode negative ions are repelled, and positive 
ions are attracted. A positive space eharge therefore 
develops in front of the cathode which increases the 
electric gradient there. Similarly at the anode, a 
negative space charge and increased gradient also 
develop. 

The exact calculation of this gradient distribution is 


very difficult, although much has been done on this- 


problem by J. J. Thomson, J. S. Townsend, G. Mie, and 
others.2 However, we may arrive at a sufficiently good 
approximation to the gradient distribution for our 
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(a) Distribution of ions in Gas 


(b) Potential Distribution in Gas 


(c) Gradient Distribution in Gas 
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purposes in the following way. The mobility of the 
positive ions in the electric field is very small compared 
to the mobility of the negative ions, which are electrons 
in the cases in which we are interested. We shall 
neglect entirely therefore the motion of the positive ions 
and consider them fixed in space. We shall suppose 
however, that the negative ions move freely under the 
influence of the electric field. 


With these hypotheses, the effect of the electric field 
js to move electrons away from the cathode as in Fig. 4, 


- 
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exposing a space charge of positive ions in front of the 
cathode with charge density, n e, where n is the number 
of positive ions per cm.’, and e is the charge of an ion. 
This space charge causes a considerable portion of the 
impressed voltage to be consumed in the region next to 
the cathode. The thickness of the space charge will 
grow until all the impressed voltage is consumed in the 
cathode space. Assuming now that the diameter of the 
section of the ionized gas is large compared to the 
distance between the electrodes, we may apply Poisson's 
equation for one dimension, and taking e = 4.77 x 10-9 
e. s. u., we readily arrive at the following relation: 
Maximum gradient in space charge 
dV 
( dx 


) = 1.89 x 103 V Vn (6) 


4. FIRST APPROXIMATION TO THE DIELECTRIC 
STRENGTH OF AN IONIZED GAS BETWEEN 
CLOSELY SPACED ELECTRODES 


As a first approximation we may assume that electri- 
cal breakdown of the ionized gas will occur if the maxi- 
mum electric gradient in it exceeds a certain critical 
value. For the sake of definiteness, let us take for this 
critical value, a value approximately appropriate for air 
at normal pressure and temperature; namely 30,000 
volts per em. From equation (6) it follows that break- 
down will occur when 


(= 


T ) = 1.89 x 10 V Vn = 30,000 (8) 


1 
or V = 2.52 x 10" x DE (9) 


The breakdown voltage then varies inversely as the 
density of ionization, and is independent of the distance 
between the electrodes, so long as the electrode separa- 
tion is greater than d, given by equation (4). 

If the gas is at temperature T, we may assume, still 
as a first approximation, that the critical gradient varies 
inversely as the absolute temperature. Equation (9) 
then becomes 
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V = 2.52 x 10" x( 


5. THE DECAY OF IONIZATION IN A GAS 


During the transition period immediately after the 
current zero, the dielectric strength of the arc space is 
rapidly increasing due to the decrease in the density of 
ionization, as given by equations (9) and (10). Foran 
arc in the open, the ionization disappears principally by 
recombination. The rate of loss of ions by recombina- 
tion is given by 


ae 
d t 


2. Handbuch d. Physik, by Geiger and Seheel (published by 
Springer), Bd. XIV, p. 6. 
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where a is the coefficient of recombination.* The solu- 
tion of this equation is 


(12) 


where 7, is the density of ions at time t = 0. Where 
n, is very large, as in the case of the arc which we are 


1 
considering, us is negligible, and (12) becomes 
i : 0 


: 13 
Jo 
uer (13) 
6. THE RECOVERY OF DIELECTRIC STRENGTH IN THE 
TRANSITION FROM AN ARC. FIRST APPROXIMATION, 
SHORT ARC 


Combining the results of sections 5 and 6, we get 
from equations (9) and (13) taking a = 7.6 x 10^ 
V 2 1.9 x 10°t (14) 
If we take into account the influence of temperature, 
assuming a varies as the inverse cube of the tempera- 
ture and that the breakdown gradient varies inversely 
as the temperature, we get r 


xt (15) 


273 

T + zi) 
Even allowing for the uncertainty of the numerical 
constants, these equations show that the recovery in 
dielectric strength is very rapid. In ten microseconds, 
if the gas is cold, the arc space is capable of withstanding 
several thousand volts. According to these equations, a 
low-voltage a-c. are should extinguish in a circuit such 
that during the transition time the rate of increase of 
voltage applied to the electrodes is less than between 10° 
and 105 volts per sec. 


7. EXPERIMENTS ON THE EXTINCTION OF A SHORT 
A-C. ARC IN THE OPEN 


Some time ago L. R. Golladay and the author made 
a study of the interrupting capacity of the multi- 
gap lightning arrester. This arrester consists of 
knurled brass cylinders spaced one-sixteenth of an inch 
apart, and some of the gaps so formed are shunted by 
resistors. 

Tests on individual gaps were made in a circuit like 
that of Fig. 3 shown in the complete paper. The limit- 
ing value of R which would cause the arc to extinguish 
was determined for currents varying from 100 to 500 
amperes, and voltages varying from 300 to 600 r. m. s. 
Tests were made both at 25 cycles and 60 cycles. 

It was found that the limiting resistance varied 
inversely as the arc current, inversely as the frequency, 
and was approximately independent of the voltage. 
These results applied to equation (3) to show that 


Ai 
I, 


V = 1.9 x 10° x ( 


dV 
Vow was constant or that E was constant. 
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Thus the are would extinguish if during transition the 
rate of increase of applied voltage was less than a critical 
value, and would persist if the rate of increase of applied 
voltage was greater than this value. This critical 
value was found to be 25 x 10* volts per sec. 

It is interesting to compare this result with equation 
(15). A reasonable value to take for the temperature 
in the neighborhood of the cathode would seem to be 
the boiling point of brass or about 1200 deg. cent. 


dV 
Substituting in (15) we get —?— = 0.4 x 10% If we 


dt 


dV 
take the melting point, or 940 deg. cent. we get P 


= 1.1 x 105. These values are rather small compared 
to 25 x 105 but agree better with the results obtained 
in section 11, so that in these experiments perhaps a 
large part of the discrepancy is due to differences 
between the properties of zinc vapor and air, as the arc 
extinction probably took place in zinc vapor. 


9. ARCS THROUGH HOLES IN METAL PLATES 


From the theory so far given, and accepting the 
experimental value of 25.105 volts per sec. as the rate of 
recovery of dielectric strength of the arc space, it would 
seem that an arc in the open air is not a practical means 
for interrupting a-c. circuits of voltages higher than a 
few hundred volts. | 

It occurred to the author that conditions might be 
considerably improved if the arc was caused to play 
through small holes or openings in metal plates. In 
this way, ions could disappear by discharging into the 
metal plates during the transition time, instead of hav- 
ing to depend only on the recombination in the gas 
space, and so the deionization would be greatly acceler- 
ated. Space charges would be produced in the neigh- 
borhood of each plate which would consume some of the 
impressed voltage so that each perforated plate would 
act to a certain extent, like a cathode, as described in 
section 3. By having a number of these perforated 
plates in series, the rate of recovery of dielectric strength 
would be multiplied proportionally. It was believed, 
and subsequently substantiated, that the arc could 
play through the perforations of the plates for several 
half cycles (60-cycle current) without melting the 
metal, whereas it was believed that the arc terminals 
were necessarily molten. | 

Many confirmatory tests of these ideas were made by 
J. H. Neher and others. 


10. RECOVERY OF DIELECTRIC STRENGTH OF SHORT 
ARCS AT Low VOLTAGES 


Equations (14) and (15), developed for an arc in the 
open, with solid cathode, show that the arc space 
recovers dielectrie strength at a constant rate im- 
mediately after extinction of the arc. Experiments 
at 300 to 600 volts r. m. s. with brass electrodes de- 
scribed in section 7, indicated that this rate of recovery 
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was about 25 x 10° volts per sec. In deriving the 
equations (14) and (15) it was assumed that there 
was a definite critical electric gradient which, if 
exceeded at any point, would cause breakdown and 
restriking of the arc. However, it is well known that 
the mean gradient at breakdown of short spark-gaps 
increases rapidly as the length of the gap decreases; 
and that even for very short gaps, breakdown does not 
occur with less than a certain minimum value of voltage. 
For air, this minimum breakdown voltage is about 300 
volts, or about 215 volts r. m. s. 

It might be expected, then, that as the are circuit 
voltage is reduced towards the value 215 volts, r. m. s., 
the mean rate of recovery of dielectric strength 
will increase very rapidly, and that for voltages below 
215 volts r. m. s., it will be of a different order of magni- 
tude than for voltages much above 215 volts r. m. s. 


11. EXPERIMENTS ON RECOVERY OF DIELECTRIC 
STRENGTH OF SHORT ARCS AT Low VOLTAGES 


The conclusions of the preceding section found 
confirmation in the following experiment. Sheets of 
copper were stacked together with 1/16-in. separators, 
and an arc of several thousand amperes in a circuit of 
adjustable voltage from 2300 volts down was blown 
into the structure, thus causing a series of short arcs to 
be produced between successive sheets. A suitably 
disposed magnetic field then caused these arcs to move 
in an annular path, and the ares retraced this path so 
rapidly that practically no melting or burning of the 
metal sheets resulted. Details as to the construction of 
these sheets and the magnetic field will be given in a 
later paper. As a result of the lack of melting of the 
sheets, there was no flame of burning eopper vapor to 
complicate the results as described in section 8, and it is 
probably eorrect to say that the are extinction took 
place in air rather than in copper vapor. 


The number of copper sheets was varied, also the cir- 
cuit voltage, and the value of shunt resistance which 
would just cause the arcs to extinguish at the first cur- 
rent zero was determined. From these values of shunt 
resistance, the rate of rise of applied voltage was calcu- 
lated by equation (3) and the curve of Fig. 6 was 
obtained. 


For voltages per gap above 500 r.m.s., the mean rate 
of recovery of dielectric strength was 4 X 10$ volts per 
sec. This seems to be very low compared to 25 x 105 
volts per sec. observed by Golladay and Slepian for 
brass eiectrodes, but agrees better with the value 
calculated in section 7 thus indicating that air deionizes 
more slowly than zine vapor. As the voltage per gap 
was reduced, the rate of recovery of dielectric strength 
increased reaching 300 x 10° volts per sec. at 180 volts 
per gap. For lower voltages per gap than this the rate 
of recovery could not be determined, as the arc would 
extinguish even when the shunting resistor was omitted. 


The curve of Fig. 6 appears to have an asymptote at 
165 volts r. m. s. corresponding to a peak of 235 volts. 


710 SLEPIAN: 
The normal cathode drop for copper in air is 252 volts.* 
Thus the conclusions of the preceding section are 
confirmed. 


12. LONG ARCS AND ARCS IN SLOTS AND HOLES IN 
INSULATING MATERIALS 


Equations (14) and (15) state that the rate of 
recovery of dielectric strength of the are space measured 
in total volts applied per second is a constant. In 
deriving this relationship it was assumed, however, that 
the linear dimensions of the cross-section of the are 
space were large compared with the distance between 
the electrodes. This is certainly not the case for long 
arcs, or for arcs compelled to play in small holes or slots 
in insulating material. 

A first study indicates that we may expect the 
arc to extinguish if during the transition there is an 
almost instantaneous application of a gradient of the 
order of two or three hundred volts divided by the hole 
diameter or slot width. 

The curve of Fig. 8 obtained by R. C. Mason for 
slots .and holes in soapstone one to two inches long 
roughly bears out this conclusion. 
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13. THE OIL CIRCUIT BREAKER 


The success of the oil circuit breaker in high-power 
a-c. systems is probably due in part to all the factors 
discussed in the previous sections. 
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for the past few years. Many of the topics touched 
upon are of great interest in themselves, and it is hoped 
that they will be elaborated upon in later papers by the 
men who have carried on the work. Besides the men 
already mentioned in the paper, those who have con- 
tributed largely to the topics discussed are B. P. Baker, 
R. C. Dickinson, G. H. Cole, and F. C. Todd, but first 
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and foremost should be mentioned A. C. Crago, who, in 
spite of his untimely death in 1925, continued to 
influence the work through the wealth of ideas and 
inspiration he left behind him. 


AIRCRAFT LIGHTING TO BE STUDIED 


Adequate and proper lighting equipment on an 
airplane is an important feature of the design of com- 
mercial aircraft that has a direct bearing on their safe 
operation in flying to avoid collision and in landing to 
avoid danger of crack-ups. For this reason a suggestion 
has been received by the Society of Automotive Engi- 
neers that a careful study be made of this subject with 
a view to establishing standardization of airplane 
lighting equipment and its arrangement on the plane. 

Preliminary tests are in progress by L. E. Lighton, a 
member of the standards committee, on commercial 
airplanes that are being built, with the intention of 
placing the resulting data in the hands of a subdivision 
that will probably be organized. 

It is felt that, with the rapid progress made within 
the last two or three years in the design and operation 
of commercial aircraft, the formulation of definite 
standards for aireraft lighting has now become a 
necessity. 


Power-Line Carrier Telephony 


BY L. F. FULLER! 


Fellow, A. I. E. E. 


Synopsis.— The inherent advantages of carrier-current telephony 
over high-voltage power transmission lines during the past five 
years have resulted in an unusually rapid development of this form 
of communication. To one who has not been constantly in touch 
with this rapid development, the necessity for the numerous types of 


OM MUNICATION requirements may be classified 
according to their complexities as follows: 

1. Requirements which may be fulfilled by the 
use of a single channel. A system meeting these re- 
quirements is analogous to a single telephone line con- 
necting all stations on the system. The practical limit 
to which such a system may be extended is determined 
by the volume of traffic handled. 

2. Requirements making necessary the use of several 
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communication channels on the same transmission 
lines, to handle more traffic than can be satisfactorily 
cared for by a single channel. 
3. Requirements making it advantageous to employ 
long 'trunk" channels, each trunk station collecting 
1. Both of the General Electric Co., San Francisco, Calif. 
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carrier-current telephone equipment now available is not always 
apparent. This paper gives a brief outline of modern communication 
requirements in this field, the problems involved in providing this 
communication, and a brief outline of the different types of equip- 
ment now available to provide the required communication. 


traffic locally by private line extensions, or by secondary 
carrier channels from points not on the trunk channel. 

4. Communication is often required between trunk 
or secondary carrier stations and isolated points, such as 
(a) patrolman’s houses near the transmission line, 
(b) open air stations permanently located at isolated 
switching points, and (c) designated points for use of 
portable equipment. 

In providing equipment to meet the communication 
requirements just outlined, many problems present 


. themselves in connection with the operating require- 


ments and the electrical characteristics of the transmis- 
sion system. | 

The problems met in superimposing high-frequeney 
currents on conductors carrying power at high potential - 
may be divided under the two general headings of 
Coupling and Transmission. The problem of coupling 
high-frequency equipment to high-tension transmission 
lines was quite novel, and at the outset there was no 
experience available for guidance. Economic con- 
siderations naturally formed a large part of the problem, 
and are responsible solely for the development and 
design of several types of coupling capacitors, each 
type being best suited to a particular field of application. 

The transmission of high frequencies over a power 
network involves very different problems from the 
transmission of low frequencies over the same network, 
or from the transmission of high frequeneies over tele- 
phone conductors. It has been necessary, therefore, 
to develop a radically different technique for handling 
power-line communication problems. 


The ideal line for the transmission of high frequencies 
would consist of a single high-voltage transmission line 
which has no directly-connected branch lines and which 
may be terminated at its ends in an impedance equiva- 
lent to its surge impedance. Such an ideal condition is 
very seldom realized or even very closely approached in 
actual practise. Branch lines produce two effects on a 
carrier communication channel; first, due to the fact 
that the branch line must be energized as well as the main 
transmission line a loss of some carrier energy is incurred ; 
and second, a branch line gives rise to reflection. 
When the carrier-frequency voltage reaches the remote 
end of the branch line, it is reflected back toward the 
point of origin and arrives at that point with a phase 
relation (with respect to the original voltage) which will 
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depend upon the length of the branch line and the 
frequency of transmission. This reflected wave may 
therefore either aid or oppose the original voltage. 
Fortunately, however, in most practical applications 
the two above effects are either too small to seriously 
affect communication, or may be avoided to a large 
extent by a proper selection of operating frequency. 
Where necessary, the effect of branch lines may be 
eliminated from the carrier circuit by means of high- 
frequeney trap circuits. 

Frequently, it becomes necessary to communicate 
over a transmission line which is broken permanently 
by a voltage transformation or frequency ehanger, or 
which may be opened by switches. In these cases, 
it is necessary to provide a means for transferring the 
carrier energy around the break in the power circuit. 


Fia. 2—CovuPLiNaG CAPACITORS FOR Power-LInE CARRIER 


TELEPHONE 


The same problem is involved in transferring a com- 
munication channel from one transmission system to 
another. 


In some cases, the communication distances involved 
are such that a power in excess of that supplied by the 
normal transmitter is required. This problem can 
usually be solved in either of two ways: by increasing 
the power of the transmitter until sufficient energy is 
received at the remote point, or by using carrier-current 
repeater equipment near the electrical center of the 
transmission system to raise the energy level of the 
received signals to their original value, and re-transmit 
them along the transmission system. The latter 
method has three distinct advantages; first, the total 
power required to transmit a signal over a long distance 
is less if a repeater is used than if the signal is trans- 
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mitted directly; second, the repeater requires no ab- 
normally large output from any of the transmitters and 
therefore does not increase interference between carrier 
channels nor greatly increase the probability of inter- 
ference with broadcast receivers; third, the two remote 
communicating stations may be using entirely different 
carrier channels, the transfer in channels being made at 
the repeater. 

It is evident from a consideration of these problems 
that an equipment designed to provide absolutely 
satisfactory service for transmission over telephone 
conductors might be entirely inadequate to provide 
communication over a power network. 

The following description of the available carrier- 
current telephone equipments developed by the com- 
pany with which the authors are connected will serve 
as an indication of the methods used in meeting the 
communication requirements and in solving the prob- 
lems related thereto. 

Among all types of apparatus complete intercom- 


 munication is provided, a single frequency band being 


employed for each two-way channel. 


PRIMARY STATION EQUIPMENT 


This equipment has been developed to meet the 
requirements on trunk channels. Thenecessary facilities 
for efficient and economical operation of trunk channels 
are provided in the following operating features: 

1. Full automatic operation is provided from any 
operator's phone, the necessary procedure in placing or 
receiving a call being practically identical with that of 
a conventional wire-line automatic telephone system. 

2. A maximum of ten two-wire telephone extension 
lines may be connected to each station equipment, each 
line having complete control of the carrier station and 
being selectively called from any carrier station on the 
same system. Provision may also be made to allow 
communication from other telephones connected with 
private branch exchanges, either manual or automatic. 

3. Each incoming telephone line has exclusive and 
private use of the carrier equipment, and the conversa- 
tion cannot be interrupted by a party on any other 
incoming line. An exception to this is that dispatchers’ 
lines, or other designated lines, may be connected for 
preferred service, thus permitting the operators at 
designated telephones to interrupt a conversation on 
any other line and request the use of the carrier channel. 


Parties on lines not connected for preferred service 
receive a “busy tone” if they attempt to place a call 
when the station equipment is in use. 


4. Four-wire circuits may be employed if the noise 
level on a telephone line is so high as to make it unsuit- 
able for a two-wire extension. When a four-wire circuit 
is used, the signal input to the line from the operator's 
telephone instrument may be raised to any desired 
level by means of simple amplifier equipment, and thus 
the ratio between signal and noise may be increased. 
The strength of the audio-frequency input to the carrier 


Oct. 1928 


set may be reduced by means of adjustments at the 
carrier set, so that when an amplifier is used at the 
operator’s end of the line, satisfactory operation may be 
obtained, even though the noise level on the line is quite 
high. The service provided over a four-wire circuit is 
the same as for a two-wire circuit. 

5. Provision is made for the application of “inter- 
system”’ attachments, to provide communication from 
the same station equipment over either of two separate 
carrier channels. Wire-line extensions from a station 
SO equipped may receive or transmit calls selectively 
over either channel, the selection of channels being 
entirely automatic. While an operator is engaged in a 
conversation over one channel, he can receive calls over 
the other channel. 

6. By means of a suitable attachment, high-tension 
telephone lines can be used for extension service, the 
Operation secured on such extensions being the same as 
that for “quiet line" extensions. 

7. Two primary equipments may be used (oeil 
for repeating signals on very long channels, or for trans- 
ferring signals from one transmission network to 
another. This service will be discussed under a later 
heading. 

SECONDARY STATION EQUIPMENT 


Some communicating points do not require all the 
operating features provided in a primary equipment. 
A secondary station equipment has been developed to 
meet this condition economically. Four wires are 
required for connecting each telephone instrument to 
the set. When several telephone instruments are used, 
code ringing is employed. Full selective ringing may 
be provided by the use of one additional conductor 
between the set and each instrument. 

The apparatus is designed to operate normally from 
110-volt a-c. power supply, but may be made in- 
dependent of the a-c. supply by the addition of a motor 
alternator operating from a storage battery. Where no 
a-c. supply is available, this storage battery may be 
charged from a gasoline-engine-driven generator. 


BOOTH EQUIPMENT 


This equipment is suitable for communication from 
isolated points where the communication distances are 
moderate. It is designed for operation either from dry 
cells or from a 110-volt a-c. supply. The equipment is 
mounted in a weatherproof case and when battery 
operation is used, may be installed on a tower or other 
convenient location exposed to the weather. This ap- 
plication is intended primarily for use by line patrolmen 
or service crews, and intermittent service only is 
provided. When this equipment is used with a-c. 
supply, full time operation is provided and it is suitable 
for installation in switching stations and line patrol- 
men's houses. "The equipment includes a small 60-cell 
storage battery which provides emergency operation 
during failure of the a-c. supply. The communication 
provided by this equipment is simplex; that is, the 
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operator employs a push-button on the hand set to 
change from “receiving” to "transmitting" position. 


PORTABLE EQUIPMENT 


This equipment is designed to provide communica- 
tion between any station equipment and fixed points 
along the transmission line within a radius of approxi- 
mately 30 mi. It is a self-contained and extremely 
compact transmitter receiver unit, weighing approx- 
imately 1514 lb., and provided with shoulder straps to 
facilitate carrying. The communication provided is 
simplex. 


INTERSYSTEM EQUIPMENT 


This equipment is designed to operate as an attach- 
ment to the primary station equipment, permitting 
the operation of such an equipment on either of two 
communication channels. A load dispatcher may thus 
communicate selectively over either his own com- 
munication system or that of an interconnecting system. 
As an alternative, the load dispatchers of two inter- 
connected systems may be provided with a channel 
separate from those used for system communication. 


By-PASSING EQUIPMENT 


When it is necessary to transfer the carrier energy 
around a transformation, open disconnecting switch, or 
other discontinuity in the carrier circuit, a by-pass 
equipment consisting of a series of resonant circuits is 
employed. Since no vacuum tubes or moving parts 
are employed the equipment requires only periodic 
inspection and is therefore suitable for tower mounting 
at isolated or unattended points. 


CARRIER CURRENT REPEATER EQUIPMENT 

. In discussing the primary equipment, mention was 
made of the fact that two carrier sets may be used 
together to comprise a repeater assembly. . Such an 
equipment may be installed to serve two distinct 
purposes: First, it may be used to raise the energy 
level on a carrier channel and therefore permit much 
greater communication distances; and second, it may be 
used to connect two otherwise independent communi- 
cation channels and permit either completely inde- 
pendent operation of the two channels er complete 
intercommunication between stations on the two chan- 
nels, as desired. 

When operating as a normal repeater, the equipment 
functions as follows: The incoming modulated carrier 
is received and demodulated in the normal manner. 
The signal component is then amplified and impressed 
upon the transmitter operating over the outgoing 
channel. The apparatus is so designed that a signal 
which has been received and re-transmitted by the 
repeater cannot pass back through the repeater to the 
side from which it was originally received. This is 
accomplished by apparatus so designed that when one 
of the transmitters begins to function, the output circuit 
of its associated receiver is blocked. All tendency 
toward “‘feed-backs,” which would result in oscillation 
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or "singing" of the repeater circuit, is thereby elim- 
inated. The operations for repeating the signals are 
identical for both directions. 

The repeater equipment is in the operative condition 
only while actually in use. It is started automatically 
from a calling station as follows: 

An operator desiring to communicate through the 
repeater station first dials the “repeater exchange" 
number. This number serves to start the motor- 
generator set and place the repeater in operation. 
Any further numbers dialed by the calling operator 
are repeated over the outgoing channel. The ensuing 
conversation is similarly transferred from one channel 
to the other. 

When the repeater is placed in operation by an in- 
coming call, a time delay circuit is energized to maintain 
the apparatus in an operative condition for a definite 
time interval after the last signal is repeated. At the 
end of this time interval the repeater apparatus is 
automatically shut down, thus effecting a saving in 
operating cost and increasing the operating life of the 
apparatus to that of a normal station equipment. The 
time delay feature is provided to prevent the repeater 
shutting down during pauses in a conversation. The 
length of time delay is adjustable within wide limits 
to suit local requirements. 

The operator at the repeater station may be provided 
with automatic selective control, permitting communica- 
tion over any channel selectively, or over two channels 
simultaneously. He may monitor the conversations on 
either side of the repeater or passing through the repeater, 
or may enter into these conversations. 

The operation of a repeater in connection with an 
intersystem attachment is the same as that of a normal 
repeater exeept that the “repeater exchange" number, 
in addition to placing the apparatus in service, selects 
the proper outgoing channel. 


HIGH-TENSION TELEPHONE LINE EXTENSION 


As an extension to a primary station equipment, it 
is sometimes desired to use a high-tension telephone line; 
that is, a telephone line so situated in the proximity of 
a high-voltage transmission line that the extraneous 
voltages induced in the telephone line are relatively 
great. Such a line is unsuited for direct. connection to 
a primary carrier set. In order to eliminate the effects 
of power frequency induction, a special form of exten- 
sion equipment may be employed on any high-tension 
telephone line over which successful voice-frequency 
communication may be provided. This type of ex- 
tension employs carrier-frequency transmission from 
the remote operator to the primary carrier set, and 
voice-frequency transmission from the set to the 
operator. 

The use of a high-frequency carrier for transmission 
from the remote operator to the station apparatus 
makes it possible to eliminate power-frequency voltages 
from the input to the station transmitter, by means of 
filters which do not pass the low frequencies. The 
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use of these filters also makes it possible to separate the 
incoming from the outgoing signal without the use of 
balancing networks such as are used with voice-fre- 
quency telephone repeaters. 'The amplification af- 
forded by this type of extension apparatus is such 
that the length of telephone line that can be usedis 
much greater than in the case of the usual two-wire 
extensions as designed for quiet lines. 

The telephone line used in connection with a high- 


Fic. 3—PorTABLE CARRIER-CURRENT TELEPHONE 


With connection box and protective equipment for coupling unit 
installation. 


tension extension does not necessarily constitute a 
complete d-c. circuit, and can be used, therefore, with 
the normal insulating and drainage transformers and 
protective devices. The protection afforded the opera- 
tor from voltages induced on the telephone line by 
power circuits or lightning is even better than that 
provided when employing such a telephone line in the 
normal manner. 


MULTIPLEX CARRIER CHANNELS 


Because of their peculiar advantages, the demand for 
additional uses of carrier current channels is growing. 
These are for relaying sections for line, distant control 
of switches, telemetering and frequency transmission. 
Fortunately, a pair of coupling capacitors may be used 
for the simultaneous transmission of more than one 
carrier frequency. Lines using capacitors for carrier 
telephony at the outstart are now being equipped with 
these later developments. 

The number of additional channels it is possible to 
operate without interference is limited, and it is ob- 
viously most desirable to employ but one frequency 
per channel. The development of the single-frequency 
duplex-carrier telephone some years ago has been most 
helpful in this regard. 
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NEW USES FOR CARRIER CURRENT 


In general, a carrier-current channel can be made to 
accomplish what would otherwise require a separate 
pair of wires, without the investment and maintenance 
charges of the latter. When the distances involved 
are sufficient these factors result in distinct monetary 
and operating advantages in favor of the carrier channel. 

New applications are arising daily. An interesting 
example is the case of a large pumping load supplied 
by one power system, but scattered over a large terri- 
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tory. These motors may be controlled at will by carrier 
current over the distribution system, thereby making 
it possible to reduce the peak and improve the load 
factor. 


In another instance, it is desired to transmit the 
frequency of one generating station to another, and 
carrier current offers a ready solution. There are, no 
doubt, numerous other operating situations wherein 
carrier-current methods present the best engineering 
solution. 


Abridgment of 


Automatic Mercury Arc Power Rectifier 


Substation on the Los Angeles Railway 
BY L. J. TURLEY: 


Associate, A. I. E. E. 


Synopsis.—The development of the commercial mercury arc 
rectifier 18 outlined briefly 1n this paper and the advantages which 
led to its adoption in a double-unit automatic station recently in- 
stalled by the Los Angeles Railway are given. A report is made 


INTRODUCTION 


HROUGHOUT this outline we shall draw deduc- 
tions from comparisons with the synchronous con- 
verter. We shall present important factors which 

led to decision in favor of this type of equipment, 
. give added proof of the rectifier's satisfactorily meeting 
a railway load requirement as gained from our experi- 
ence with a short-time operation of the double-unit 
automatic substation recently installed by the Los 
Angeles Railway in Inglewood near the city of Los 
Angeles. 

Although the basic structure of present day rectifiers 
shows no marked advance over early developments, 
a variety of problems arose, not only with respect 
to the design but also involving the protection and 
operation of this type of apparatus. These broadened 
the field of exploration for considerable added and 
novel improvements—especially with the auxiliary 
equipment. The speed of all this accomplishment has 
been reflected in a final solution embodied in the present 
type of rectifier, now under discussion. "Thus, during 
the last three years, we have witnessed many pioneer 
installations of European and American makes of 
equipment, scattered on diversified railway loads. 
Showing a rapid growth in popularity and producing a 
considerable degree of confidence, due to the rectifier's 
general simplicity, compactness, and reliability. 


As greater familiarity with this equipment developed, 
many other important factors in its installation and 
operation appealed to the operating engineer. A study 


1. Electrical Engineer, Los Angeles Railway Corp., Los 
Angeles, Calif. 

Presented at the Pacific Coast Convention of the A. I. E. E., 
Spokane, Wash., Aug. 28-31, 1928. Complete copies upon 
request. 


28-125 


of the very satisfactory operation which has resulted. There 18 a 
description of the station, and the methods of operation and mainte- 
nance are presented. 


of conditions which entered into a problem for a specific 
class of application and the results from its short-time 
operation placed this rectifier in a favorable position 
and demonstrated its relative advantages to supple- 
ment synchronous converters where such application 
involved load centers of low ioan factor and heavy 
momentary peaks. 

Finally, its insensitiveness to short circuits, its 
adaptability to full automatic control, its comparative 
noiselessness of operation, its ability to carry sus- 
tained short-time overload, its absence of moving parts 
(excepting small auxiliaries), and the elimination of the 
attendant troublesome features commonly experienced 
in the operation of large rotating machines, all sub- 
stantiate the claims advanced by its proponents and 
constitute such valuable and economical assets as 
obviously to insure for the rectifier a most favorable 
recognition by the more enterprising engineers of the 
railway industry. 

There are, however, a few apparent disadvantages. 
The penalty of considerably lower power factor may be 
serious with some installations; but this is more than 
offset by a high and favorable all-day efficiency factor, 
when based on over-all conditions, in comparison with 
a synchronous converter installation of similar rating 
and operating under similar load requirements. The 
complaints from sections, of interference with communi- 
cating circuits, are comparatively few and are fast dis- 
appearing. The characteristic high-harmonic current 
and voltages as generated by a rectifier are subject to 
correction at very little expense. Surely, the 10 to 
15 per cent higher first cost over synchronous converters 
would seem to be justifiable only to cover a certain 
amount of development cost common to all new intro- 
ductions. Usually quantity productions soon absorb 
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or wipe out the excess in such overhead costs. How 
soon this lower price is to be realized by the users of this 
equipment would seem to depend upon the rate with 
which the manufacturers expand their design and 
facilities to offer larger ampere capacity units for 
active competition throughout the entire range of 
synchronous converter applications. 


GENERAL DESCRIPTION OF BUILDING AND EQUIPMENT 


The exterior of this steel-framed reinforced concrete 
building, presents a striking similarity to a chapel of 
typical Spanish architecture. The blind windows 
and small entrance door, suitably fitted, prevent the 
entrance of dust except as it may be carried through 
the regular air channels which are provided with air filters. 

The interior of the building is artificially lighted and 
effectively air cooled. The equipment consists of a 
double 500-kw. unit complete, the protection and opera- 
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Fic. 1—NvMwBER 1 Unit, 500-Kw. RECTIFIER 


tion of which are under full automatic control. The 

feeder panels are similar to the standard automatic 

high-speed circuit-breaker equipment and control 

scheme as installed in other automatic substations on 

this railway property. Fig. 1 gives an interior view of 

the station, showing the position of the rectifier. 
APPLICATION 


The entire length of railway line to be fed from this 
station extends over six miles beyond the intermediate 
section of the railway system. Except for special 
events, the car service normally rendered had a peak 
headway of four minutes, graded to 25 min. for lighter 
load periods. The low average energy consumption 
and the resultant low station load factor, coupled with 
intervàls of 30 to 60 min. between load demands during 
early morning houts, (which would create a possible 
frequency of starting and stopping of station equip- 
ment), were essential factors of operation that gave the 
rectifier more favorable comparison in applying its 
electrical characteristics as to efficiency, readiness to 
serve, and simplicity in starting. 

The experience obtained from many years of opera- 
tion with automatic control applied to synchronous- 
converter railway substations naturally led to choosing 
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an automatic application for this rectifier station. It 
is simple, effective and surprisingly reliable, and has 
become generally adopted. Those chief factors that 
are usually presented in favor of automatic control— 
improved labor conditions, improved service continuity, 
and reduced operating expense—may be considered as 
the salient factors derived from operation of rectifier 
equipment. 
WEIGHTS 

The total weight of the rectifier complete installation 
is only 400 lb. greater than for synchronous converter 
units. The rectifier itself weighs one-third that of the 
converter and did not require any special foundation, 
except as given by a six-inch cement flooring. 


RATING 


With the exception of their momentary load ability, 
the rating of these 500-kw. unit rectifiers is equal to 
that of synchronous converters, since they are based 
upon the same standard method of rating such equip- 
ment for railway application. 

Although a converter would ordinarily carry its two- 
hour ovérload rating of 150 per cent load continuously, 
yet the sustained high temperature would naturally 
shorten the life of the insulation. On the other hand, 
the rectifier, exclusive of transformers, could be ex- 
pected to operate continuously at its two-hour overload 
rate without shortening its life. 

The momentary load of one minute duration allows 
the converter 300 per cent load and the rectifier, 200 per 
cent load. This difference is attributed to the rapidity 
with which the maximum allowable temperature rise 
affects operation. The converter operates through a 
wide range of temperature allowances. Due to its 
thermal capacity, a 300 per cent load superimposed for 
one minute upon its continuous load temperature does 
not raise the temperature of the hot spots of the machine 
sufficiently fast to do injury before the load has been 
reduced. The rectifier works with temperatures of a 
very narrow range has low thermal capacity and is 
affected by low as well as high temperature. A one- 
minute load of 300 per cent creates such a rapid rise of 
temperature that the heat affects the performance and 
might damage the anode tips. 

The instantaneous overload of a converter is limited 
usually by its commutating capacity, and when such 
limits are reached, there is a possibility of damage to the 
machine, locking it out of service, especially if a flash- 
over prevails. The rectifier is not so affected by 
instantaneous overloads, even of short-circuit propor- 
tions. Under certain conditions, the rectifier may oc- 
casionally “arc back," which results in practically no 
damage; at least not enough to prevent it going back 
into operation within a few seconds. 

EFFICIENCY 

A large amount of the power used by the auxiliary 
apparatus is foreign to a synchronous converter installa- 
tion. This fact requires a comparison of efficiency to be 
made on over-all conditions. The manufacturer’s 


Oct. 1928 TURLEY: AUTOMATIC MERCURY ARC POWER RECTIFIER | 717 


curve on efficiency as estimated for this installation is 
given in Fig. 2. A certain number of check points are 
plotted on this curve as actually obtained by using 
properly tested a-c. and d-c. watthour meters, which 
power includes consumption by all auxiliary apparatus. 
On an average 24-hr. load of 200 kw., each rectifier unit 
in this substation has an efficiency of 94.0 per cent 
against 90.0 per cent fora converter of correspondimg size. 


POWER FACTOR 


The operating power factor for Inglewood during the 
normal 18-hr. range of load remains about 86 per cent. 
It is lower than the manufacturer’s estimate, doubtless 
due to the compounding features, the drooping charac- 
teristic of the power transformer, and the combined 
effect of the a-c. supply voltage. In fact, with com- 
pound winding, the power factor is about 4 per cent 
lower than for shunt-voltage regulation. Fig. 3 shows 
power-factor curve as given by the meter on the 
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primary side of the circuit for shunt and compound 
operation.” 
REGULATION AND VOLTAGE CHARACTERISTICS 


Voltage curve, (Fig. 4) includes regulation for both 
shunts and compound voltages with this installation. 
The compound features of the combined unit give a 
2 per cent regulation. The a-c. supply voltage is 3 
per cent above normal and results in a 3 per cent higher 
d-c. voltage than originally calculated. 


TELEPHONE SYSTEM INTERFERENCE 


Tests were conducted for inductive interference on 
the various communicating circuits that parallel the 
trolley line for several miles in both directions from the 
substation. Perfect satisfaction was expressed by the 
telephone company engineers on the developed freedom 
from noise, and it was surprising to note that there 
was less interference with the rectifier in operation than 
with the noise experienced from operation of the motor- 
generator sets in the adjoining manual station. 

This was accomplished by connecting between 
station bus and rail ground, a filter system tuned to 
resonance at the characteristically pronounced fre- 
quencies developed by the rectifier equipment. 

2. The accuracy of such a method for measuring true power 
factor has been questioned, due to distorted wave form affecting 


the instrument and giving a much lower indication than the 
wattless component. 


VENTILATION 


The Inglewood Station is provided with forced air for 
transformer cooling and gereral station ventilation. 
During periods of hottest summer days, at 40 per cent 
load factor, general room temperature averages 3 deg. 
cent. rise above outside temperature. Fig. 5 shows 
air temperatures with 24-hr. load curve. 


WATER COOLING SYSTEM 


Tap city water is used, averaging 20 deg. cent. with 
discharge of waste water into the cesspool. The total 
24-hr. water consumption equals 825 cu. ft., giving a 
rate of 0.9 gal. per min. per 100 amperes, which is 
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considerably higher than the manufacturer’s estimate, 
but could be reduced without fear of over heating. 


OPERATION 


With a rectifier, reverse current can occur only at the 
instant of the arc back or a short circuit of the electrode. 
If this occurs, a high-speed breaker, connected for such 
reversed direction of current, will trip-out, disconnect- 
ing the unit from load, and reclose within a few seconds. 
Three consecutive openings of this breaker locks out the 
unit. There have been no arc backs with the Inglewood 
Substation rectifiers. 

There are conditions in operation which develop a 
high-voltage kick and which might do injury to a 
transformer windings. Protection against this possi- 
bility is obtained through absorption by connecting a 
group of condensers with resistors across one leg of each 
Y of the power transformer low-tension windings 
and with the interphase transformer; also, as added 
protection through short-circuiting, a pellet tvpe of 
arrester parallels each of these groups. 

The number of control devices, switches, etc., re- 
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quired for the complete two-unit rectifier has been 
compared with those required for a synchronous 
converter installation. 

For the rectifier, there are one-half the number of 
main current-carrying parts, practically the same num- 
ber of protection features, with a slightly greater num- 
ber of auxiliary devices, totaling an equal number for 
both types of units. 


INSPECTION AND MAINTENANCE 


Regardiess of an equal number of control devices and 
switches, which consist of a few special pieces of 
apparatus and devices of delicate construction, the 
frequency or general routine inspection for this substa- 
tion has been conservatively established on an interval 
of every two weeks. A daily visit of one hour is made 
to take necessary meter readings, check general state 
of small rotating equipment, and force the operation .of 
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the vacuum pump against its automatic control so as 
to assure a faster rate of seasoning-in of the vacuum 
tank. This practise is not absolutely necessary, but 
it is the method of giving this new type of equipment 
all the attention it deserves. This inspection rate is 
considered ample and commensurate with the service 
various parts are called upon to render. The auto- 
matic converter substations of this company require 
weekly inspection and a two-hour daily visit, which 
includes some cleaning up. For the converter, this 
rate is necessary regardless of the importance and 
assurance of long familiarity with equipment and 
control principles. 

Aside from cleaning, adjusting, and testing regular 
parts of the equipment, it is fcund that the time and 
attention given to the vacuum pump, vacuum relay, 
and water regulator are no more of a special nature 
than required by the brush-raising device and master 
controller of the converter substations. 

Every six months, and taking two men six hours, t IS 
planned to clean the mercury in the anode heating 
chamber and to replace all gaskets. This does not 
break the vacuum in the tank. 

All too often doubt has been expressed that the 
maintenance cost of the rectifier and its auxiliaries, 
especially that cost incidental to the vacuum pump, 


would not be less than the items required to cover actual 
labor and cost of material for repairs to the synchronous 
converter and its coordinated equipment. In fact, 
overhauling the rectifier has been heralded as taking 
longer than the necessary work on the synchronous 
converter. These doubts and claims have not come 
from operating engineers using the rectifier equipment. 

The vacuum pump and its appurtenances are rigidly 
and sturdily constructed and should give less trouble 
than the small time-aged motor-generator set used for 
exciter purposes. All the essential spare parts for 
the rectifer cost less than the average carried for 
six converter stations of this company. Since these 
rectifiers had proper care at the initial drying-out period 
and developed no sign of trouble during operation, 
the most that may be expected in the way of mainte- 
nance attention would be that following a two-year 
period of operation, at which time the total expense of 
labor and material for overhauling all anodes, tank, 
vacuum seals, vacuum pump, and time necessary to 
dry out, should be far less than the usual attention to 
converters, in grinding commutators, attention to new 
brush fit, changing oil, and the checking of bearing 
alinement, together with the occasional reinsulating of 
windings. 

Considering that there are no intermediate starting or 
running a-c. contactors, brush-raising devices; no check- 
ing of polarity and synchronizing requirements; 09 
massive moving parts and oiled bearings subject to 
excessive strains of frequent starting, with no carbon 
and copper dust developing to be scattered throughout 
the station with high velocity of eirculating air, it is 
obvious there should be no surprise at the present 
claim and at the eventual proof of considerably lower 
cost for inspection, cleaning, and maintenance of 
rectifier equipment. 


TABLE I 
ESTIMATED SAVINGS 


Excess cost of rectifier equipment over converter 
as per CODtract. oou bes oe E URER $7,450.00 


Annual fixed charges at 12 per cent......... $894 .00 
Excess cost of converter installation for founda- 
dations, air ducts, air equipment, sound proof- 
INg OCC ens has. dy ov HUC Kb ENS nt Ree d 3,510.00 
Annual fixed charges at 12 per cent.......... 425.00 
Difference in costs................. see eee 3.910.00 469.00 
Estimated yearly labor savings for rectifler....... 601.00 
Estimated yearly power savings for rectifier...... 525.00 
Total estimated savings for rectifler............. 1.129.00 
Total net annual savings for rectifier............ 660 . 00 


SAVINGS 


Table I has been prepared showing estimated savings 
in building cost, energy loss, and labor for inspection, 
in comparison with the synchronous converter. 

The net savings in favor of the rectifier, amounting 
to $660.00, will cover the excess cost and fixed charges of 
the rectifier in approximately six years, after which it is 
estimated that the total annual saving of $2500.00 will 
carry 6 per cent interest charges on 50 per cent of the 
entire investment. 
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Abridgment of 


Electrical Machinery 
ANNUAL REPORT OF THE COMMITTEE ON ELECTRICAL MACHINERY 


In view ot the length of the complete report and the 
difficulty to condense its values into a four-page 
JOURNAL abridgment, it has been decided to use the 
illustrations only, with the explanatory captions. 
Each illustration represents some unique feature of 
progress made during the year. 
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Fic. 7—6850-Kv-a., '"THREE-PHASE POWER TRANSFORMER 
66,000 /60,000. Vorrs 
With 43 per cent voltage regulation by means of taps and induction 


regulators. A flexible combination which | provides for variable ratings by 
changing ratings of regulators only ^^ ^ 


Fic. 3—33,333-Kv-a. POWER TRANSFORMER, 60-CyYCLE, 
SINGLE-PHASE 2 20/69/13.2-K v. 


With load ratio,control for the 69-kv. winding. Largest transformer yet built 


Fig. 9—InTERNAL Tangs TO Provip— Mors SPACE FOR 
ExPANSION OF INERTAIRE AND THUS REDUCE THE AMOUNT 


oF BREATHING 


Fic. 4—10,000-Kv-4. Power TRANSFORMER,  60-CYcLE, 
SINGLE-PHASE, 35,000-VoLT 


With control for 20 per cent voltage regulation, using a new scheme of 
connections between main and auxiliary transformers 


Fie. 1 i CURRE Sr TRANSFORMER USING Fic. 10—THREE-PHASE NETWORK TRANSFORMER 
Pee SEM Equipped with junction boxes and cable disconnecting and grounding 
Which decreases the errors in measurements on account of low losses and switch in primary junction box. Junction boxes open. Switch in operating 
good permeability in the core material position 
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Fig. 14—PorTABLE TESTING OUTFIT FOR CHECKING 


THE 
QUALITY OF TRANSFORMER OILS 


Fic. 12—INsTRUMENT CURRENT TRANSFORMER FOR 155,000- 
Voit CiRcuir. 200/400 AMPERES 


Fic. 17—D-c. Caste Testina Ser. 7500 Vorrs END 


GROUNDED 


ps 18—INSTALLATION OF PoTrHEAD TRANSFORMERS WHICH 


OMBINE THE CABLE POTHEAD WITH THE ToP OF THE 
TRANSFORMER 


Fic. 23—TunBo GENERATOR STATOR WITH VENTILATING 


OUTER SKELETON PARTLY ASSEMBLED 
20— ASSEMBLED Rotor Rim For 40,000-Kv-a. CONOWINGO 
GENERATOR 


Fic. 


This construction allows the stator to be shipped complete with windings 
by removing the feet and ventilating shell, which decreases the width to the 
This rotor is exceptional in size and is made of plates bolted together maximum shipping width allowable 
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Fic. 24—HvpRaAUvLIC Borr Putter Fon TIGHTENING 
Turovas Botts iN PLATE Type Turso Rotor, WHICH INSURES 
THE ConnECT TENSION on Eacn Bout Fic. 27—1500-Hr. 163 1/3-Rev. Per Min. SYNCHRONOUS 

Motor ror Use 1n Cement MILL 


This motor has a distributed rotor winding as in an induction motor and 
starts in this way with high values of torque 


E. 
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Fig. 25—INNER SKELETON STRUCTURAL FRAME FOR TURBO 
GENERATOR 
Fic. 28—Hyprocen CooLED SYNCHRONOUS CONDENSER WITH 
Env BELL REMOVED 


Fie. 26—OUTER SKELETON STRUCTURAL Frame ror Turso Fie. 32—4200-Kw., 25-CvcLE SYNCHRONOUS CONVERTER 
GENERATOR IN Fig. 25 UsiNa Bent SLAB FRAME AND RoLLER BEARINGS 
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Fig. 33—ENcLosED VENTILATED BALL-BEARING INDUCTION 
Moror 


A new type of induction motor for use on very dirty applications where 


Fig. 39—ARMATURE SPIDER FABRICATED BY WELDING 
the rating is too large for totally enclosed motors 


Fic. 36—SHor VIEW or 20,000-K w. ADJUSTABLE Ratio 
FREQUENCY CHANGER SET, 25/60 CYCLES 


The induction motor on this set, rated 28, 000 hp., is the largest rating 
yet built 


Fic. 40—ELEvAToOR Moror iN Wuaica Every Part 18 WELDED 
ExcrEePT THE Rope SHEAVE 


We l 


Fig. 41—Five 1200-Kw. Mercury Arc RECTIFIERS AT 
BRIDGEPORT, Conn. 


The largest single installation in U. S. A. 


ELECTRICAL MACHINERY COMMITTEE 


F. D. Newbury, Chairman, 
LA NP atte Secretary, W. J. Post Breeds 
. A. ams, . J. Foster, 
Fig. 37—ARMATURE FOR 7000-Hp. Reversina MOTOR SHOW- - P. L. Alger, C. M. Gilt, A. M. MacCutcheon, 
ING INVOLUTE EQUALIZER CONNECTIONS DE Bo Be EA EC o oBENnEe 
W. M. Dann, A. H. Kehoe, R. B. Williamson, 
Used in place of commutator necks for improving commutation C. W. Kincaid, 


Abridgment of 
Improvements in Moderate Capacity Oil Circuit 


Breakers 
BY J. B. MacNEILL: 


Associate, A. I. E. E. 


Synopsis.—T he increased duty requirements of power station 
service require circuil-breaker design to give maximum interrupling 
capacity in a minimum of space. Compact, relatively high-power 
breakers, having all three poles in a single round tank, have been 
designed. In addition to increasing the rating for a stipulated 


space, these give improved performance over types previously availa- 


HE desirability of getting increased circuit-breaking 
capacity in a given space arises frequently in 
rapidly growing power systems. There have been 

many cases where the oil circuit breaker has been the 
“neck of the bottle’ in limiting power that can be 
handled on a switch house layout. The bus itself, 
disconnecting switches and other elements, may be 
entirely adequate to handle increased power, but the 
circuit breaker may present severe limitations. 

It is only natural that operators and manufacturers 


Fic. 
SHOWING CONDENSER TERMINALS, CONTACTS IN OPEN POSITION, 
TANK REMOVED, AND ELECTRIC OPERATING MECHANISM 


alike should be interested in the development of an oil 
circuit breaker to handle a maximum power in a mini- 
mum of space. To do this, it is obvious that the com- 
bination of a three-pole breaker in a single round tank 
should receive consideration because of the possibilities 
of embodying in such a type, the features that are used 


1. Electrical Engineer, Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. 

Presenied at the Regional Meeting of the A. I. E. E., St. Louis, 
Mo., March 7-9, 1928. Complete copies upon request. 


ble. The relations of the current-carrying loops inside the breaker and 
the diversity factor afforded by the common oil volume and air space 
give supertor results in operation. This type of design permits use 
an current ranges where decreased arc energy, as compared to power 
handled, can be secured. 


on,high-power multiple breakers. A round tank is 
not in itself essential; in fact, any tank giving proper 
clearances and strength is sufficient. However, the 


Fic. 2— T HREE-POLE Crrcvit BREAKER IN SINGLE ROUND 
TANK SHOWING CONTACT AND Cross-BaR CONSTRUCTION WITH 
TANK REMOVED 


ease with which necessary strength with minimum 
material can be obtained in a round tank with a dish 
bottom and a dome-shape cover, will be obvious. 

In the past, objections have been raised in this coun- 
try to the idea of multiphase switching in a single tank 
where considerable power is used. Many operators 
preferred isolation of the pole units from each other in 
separate cells so that in case of failure of one pole, fire 
and oil throw would have less chance to involve other 
phases. There was also the thought that when several 
phases were handled in a common volume of oil, the 
chances for ares getting together would be increased. 
Therefore, manufacturers have not found it generally 
desirable to depart from the conventional mutiple 
single-pole arrangement for high-power work, because 
by so doing, they would have to. handle two types 
whereas one would do the work. 
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Recently, however, there has been an increasing 
number of stations in which space is at a premium, or 
where cell structures have already been built and are 
too small to allow ordinary breakers to handle present 
power demands. Also, there has been a demand in the 
smaller capacities for breakers that throw minimum 
amounts of oil and gas, and where the outlet of the 
breaker can be piped away from the structure with 
assurance that such oil and gas will not be released in 
the cell structure itself. 

The breaker shown in Figs. 1 and 2 was designed in 
1922 to take care of the type of service referred to. It 
is a 20-in. diameter, round tank, three-pole breaker, 
embodying in a small space the general features of high- 
power breaker construction. The tank structure has 
a high ultimate strength, resulting from steel construc- 
ture throughout. It is equipped with a muflling device 
to separate the oil from the gas as it leaves the tank 
structure, and is so arranged that the gas can be piped 
away, thus preventing the possibility of gas explosions 
in the switch cell. 

After extensive factory and field tests on the 20-in. 
tank size, the type of design shown in Figs. 1 and 2, 
gave promise of extension to other capacities, and a line 
of circuit breakers, comprising four tank sizes, are shown 
in Fig. 3, with ratings as follows: 


Inside diameter Amperes at rated Approximate 
of tank voltage arc kv-a. 
16 in 7,500 at 7,500 volte 100,000 
20 “ 5,000 at 15,000 “ 130,000 
26 “ 8,000 at 15,000 ~“ 200,000 
32 “ 14,000 at 15,000 ~“ 350,000 


The performance of a breaker depends upon two 
principal factors; the first, the amount of energy re- 
leased in the structure when opening short circuits, 
which may be called the energy or duty factor; and 


Fic. 3—Four Sizes or THREE-PoLE SINGLE-THROW OIL 
Circuit BREAKERS HavinG ALL POLES IN SINGLE CYLINDRICAL 
TANK 


the second, the ability of the structure provided to 
take care of this energy after it has been formed, and 
which might be called the structure factor. The energy 
factor is represented by the integrated kilowatt-seconds 
obtained from the short-circuit current oscillograph 
record and the arc-voltage oscillograph record. The 
relationship of arc energy to short circuit kv-a. varies 
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greatly with different designs of circuit breaker and 
also with different conditions of operation on the same 
circuit breaker structure. 

A high-voltage circuit breaker handling small currents 
on short circuits has an entirely different ratio of arc 
energy to short circuit kv-a. than that of a low-volt- 
age breaker handling high currents on short circuits. 
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Likewise, a breaker designed for, say, 15,000 volts, will 
have a different ratio when operated at 2500 volts. 
A knowledge of the variations of arc energy with short 
circuit kv-a. is necessary to the successful design of a 
line of circuit breakers. This is especially so because 
facilities for testing the largest breakers do not exist, 
and their design depends on extrapolating results 
obtained on smaller sizes. 

Figs. 5 to 13, inclusive, show various operating 
characteristics of the multiple breaker in a common 
round tank when opening three-phase short circuits on 
a 60-cycle, ungrounded neutral system. 

In Fig. 5 is shown the relationship between short- 


8 12 16 20 
CURRENT INTERRUPTED~ THOUSAND AMPERES | 


Fic. 5—Curves SHOWING DURATION OF ARCING WITH 


CuRRENT INTERRUPTED AT DIFFERENT VOLTAGES 


circuit amperes and cycles of arcing at 13,200 volts and 
2500 volts for a given breaker structure of the type 
under discussion. This is simply a curve of averages 
and is subject to considerable variation between suc- 
cessive short circuits. It serves, however, to indicate 
the general relationship between duration of an arc 
and the amount of current in the arce. The shape of this 
curve is affected by the speed of the parting of contacts, 
the number of breakers in series per phase, the magnetic 
blowout effect of the current-carrying loop, the spacing 
between the arcing contacts and the tank liners, and to 
some extent on the head of oil over the contacts and the 
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volume of the air-chamber. From the point of view of 
the system connected to the breaker, the shape of this 
curve depends on the restored voltage, whether the 
neutral is grounded at the short circuit as well as at the 
machine, the power factor during the short circuit, and 
other considerations. 

It has been found, however, that for 15,000 volts (and 
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PRESSURE - POUNDS 
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4 8 12 16 
CURRENT -THOUSAND AMPERES 


Fic. 6—Tank PRESSURE VARIATION WITH CURRENT INTER- 
RUPTED ON THREE-PHASE, 60-CycLeE, 13,200-VoLT UNGROUNDED 
SgoRT Crrcuits. THREE-POLE BREAKER IN ONE Round TANK 


below, especially) curves of the general shape shown in 
Fig. 5 are secured under different conditions of system 
and breaker characteristics. 

In Fig. 5 it is noticeable that the time of arcing for 
large currents is less than that with relatively small 
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PRESSURE - POUNDS 


4 8 12 16 
CURRENT - THOUSAND AMPERES 


Fig. @—CuRVE SIMILAR TO THAT IN Fa. 6, For 2500-VoLr 


SERVICE 


currents. The arcing time increases for a while with 
current, but there comes a point where this time begins 
to diminish rapidly, and finally the curve becomes 
practically asymptotic. The position of the high part 
of this curve depends on the magnetic blowout action 
on the ares. The type of breaker shown keeps the high 
point of the curve at lower current values than do some 
other types, because the current-carrying loops are 
closer together, and the magnetic blowout effects are 
in general greater. It will be obvious that a lower 
time of arcing at high currents results in a reduction in 
the arc energy dissipated in the breaker and resulting 
oil throw, contact depreciation, and stresses which the 
structure has to withstand. 

Curves in Fig. 13, showing single-phase arc energy 
as a function of current interrupted, are of interest. 
For the particular ease, the arc energy varies almost 
directly as the short-circuit current, but differs greatly 
for the different voltage classes. This is readily seen 
from the differences in arcing times shown in Fig. 5. 

An interesting relationship is that between kilowatt- 
seconds dissipated in a breaker and the kv-a. of the short 
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circuit interrupted by it. From Fig. 13, we find that 
for 13,200 volts, the three-phase kilowatt-seconds of arc 
energy is 0.0035 of the three-phase short-circuit kv-a. 
As an illustration; at 6000 amperes, the arc energy for 
13,200 volts is 160 kilowatt-seconds per phase. 

arc energy in kilowatt-seconds 


The relation kv-a. interrupted 


3 x 160 
13.2 x 6000 x V3 
In the same way, for 2500 volts, the ratio is 0.0049. 


= 0.0035 
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Fic. 8—OrrL Test—THREE-POLE BREAKER IN ONE Rovunp 
TANK AFTER OPENING THREE-PHASE, 60-CycLe, 13,200-VoLT 
UNGROUNDED SHORT CIRCUITS 


Accordingly, there is more energy lost per kv-a. in a 
breaker of this particular design on low voltage, such as 
2500 volts, than on 13,200 volts. With other designs 
of breaker, this relationship may not hold, and the 
factors of arc energy related to kv-a. in the short cir- 
cuit may be quite different. 

Several articles have been written on this general 
matter, and it is interesting to note comparable results. 
In the Gen. Elec. Rev., May 14, 1921, P. Charpentier 


Fic. 9—CurveE SiMiLAR TO Fic. 8, Excerpt ror 2500-VorT 


CIRCUITS 


developed a formula for arc energy in terms of circuit 
voltage, short-circuit current, and time of arcing, in 
which he assumed that the time of arcing varied directly 
with voltage for a given velocity of contacts. Accord- 
ing to Charpentier’s formula, a breaker of this design, 
opening 6000 amperes, three phases on a 13,200-volt 
circuit, would have a factor of 0.0031 as the relationship 
between arc energy and short-circuit kv-a. This is in 
close agreement with the similar factor derived from the 
data here presented. 
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However, for short circuits of similar kv-a. on lower 
voltages, this agreement does not hold. The average 
ratio for 2500-volt circuits (taken from data on Fig. 13) 
is 0.0049, while Charpentier’s formula would give a 
ratio of 0.0006. This wide discrepancy is accounted 
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for by the fact that are energy as shown in Fig. 13 is 
rather directly a function for this particular breaker of 
short-circuit currents, and arc voltage at the high 
currents secured with low-voltage short circuits is a 
considerably greater proportion of line voltage than it 
is for higher voltage circuits. This is borne out by 
Figs. 10 and 11. From Fig. 10 we find that for 13,200 
volts, the average arc voltage at 6000 amperes is 
approximately 8 to 9 per cent of phase voltage, whereas 
for similar kv-a. at 2500 volts the average arc voltage 
is approximately 25 to 30 per cent, as indicated by 
Fig. 11. 

In the development of the line of breakers shown in 
Fig. 2, an unusual amount of short-circuit testing has 
been possible. In 1923 the Detroit Edison Company 
cooperated in the development and testing of the 20-in. 
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tank size. At their DelRay Station currents as high as 
25,000 amperes at 4800 volts were handled success- 
fully, and with much less signs of stress on the structure 
than on conventional forms of breakers of larger phys- 
ical size. Afterward a 40,000-kv-a., 10 per cent 
reactance factory test plant became available, and 
exhaustive series of tests have been made. 

There are certain diversity factors about this type 
of breaker that will interest an operating man. The oil 
volume and air volume are common to the three poles. 
Since by far the greater number of short circuits are 
single phase, the total oil volume will not depreciate as 
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fast as though the single-phase short circuit had been 
on one-third of the oil, which would be the case with a 
multipole breaker having separate tanks. Also, the 
common air volume tends to diminish the shock to the 
breaker structure that occurs on single-phase short 
circuits, so that while the maximum pressure to which 
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the breaker may be subjected may be considerable, 
the average pressure under operating conditions will 
be reduced. In general, it is felt that less mainte- 
nance for a given duty will be obtained with this form 
of breaker than with a multiple single-pole breaker, and 
also that the maintenance is more easily and quickly 
performed. 
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Problems in Power-Line Carrier Telephony 
And Recent Developments to Meet Them 


BY W. B. WOLFE* 


Member, A. I. E. E. 


INTRODUCTION 


OWER-LINE carrier telephone systems have been 

in operation in this country for the past six years. 

This form of communication may be used either 

aS a primary means of telephone service for the trans- 

action of dispatching and other business, or it may be 

employed chiefly as an emergency service to supple- 

ment facilities the power company already has at its 
disposal. 

To date, several types of equipment have been 
designed to meet these needs. However, the growing 
complexity of power systems, involving a higher stand- 
ard and more comprehensive communication service, 
indicates the desirability for a better type of carrier 
circuits and equipment. The purpose of this paper is to 
outline in general the difficulties to be met in applying 
high-frequency communication to power systems, and 
to describe a recent development in equipment for this 
class of service. 

THE PROBLEM 

The problem of providing high-frequency communica- 
tion over power circuits must be considered first from 
the angle of the general purpose of this type of com- 
munication. Formerly, power-line carrier telephone 
circuits were considered primarily as channels for load 
dispatching business. While the primary use is for 
load dispatching work, there is also considerable demand 
for such circuits to be used for general business trans- 
actions. For load dispatching service only, the circuit 
may be an isolated one, providing communication from 
the dispatcher to one or more generating or substations, 
but, this may not meet load dispatching requirements 
and is rarely satisfactory for general business. It 
therefore becomes desirable to make the carrier circuit a 
coordinated part of the entire communication system of 
the power company. 

Considering the general circuit requirements, we 
find that these in general have not changed. Stable, 
reliable circuits of good quality, and with low noise, 
have been required from the start. One factor which 
perhaps has increased in importance is the require- 
ment that the equipment itself be designed for sufficient 
flexibility to permit of adapting it to all the different 
conditions encountered on power circuits. Another 
factor which while not previously overlooked has 
risen to considerable prominence recently, is the 
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and 


necessity for multiple-channel operation on any given 
power cireuit without interference between channels. 


CHARACTER OF THE TRANSMISSION MEDIUM PRESENTED 
BY A POWER NETWORK 


In designing apparatus to provide communication 
service, the most important consideration is the char- 
acter of the transmission medium to be employed for 
the communication channel. 

Earlier investigations! showed the superiority of a 
full metallic circuit over a ground return circuit from 
standpoints of both attenuation and stability as well 
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as noise. Over the range from 50 to 150 kilocycle 
the attenuation of the power line without branch lines or 
connected apparatus has been found to be of the order 
of 0.05 to 0.1 T U per mi? This loss is very low and 
indicates the possibility of securing excellent com- 
munication under such conditions. Unfortunately, 
power circuits are not ordinarily simple straightforward 
circuits but involve branch lines, closed loops, and other 
irregularities which radically aange their character as a 
transmission medium. 

There is shown on Fig. 1 a power network involving a 
110-kv. line with carrier terminals located at A and B a 
distance of about 98 mi. Curve I gives the character- 
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istic of the line A B, which, for this test, was, entirely 
isolated from the system except for a transformer bank 
23 mi. from B. Curve II shows the characteristic of 
the same line with the 14-mi. circuit B E and its asso- 
ciated equipment connected. It is evident that the 
introduction of this circuit not only increases the 
average attenuation of the line A B but also introduces 
serious irregularities caused by reflection and absorption 
effects. Thus, in a 5000-cycle interval, under this con- 
dition, there is as much as 10 T U variation in atten- 
uation. Curve III shows the characteristic of this 
same section A B with both B E and a 10-mi. branch 
A D with its associated equipment connected in at the 
other end. Again we have an increase in average 
attenuation. The irregularities due to reflections are 
now so pronounced that they give a 20-T U variation in 
attenuation over a 5000-cycle interval. 'There may be 
no similarity between the last two conditions; that is, 
the peaks and troughs in attenuation may not occur 
at the same frequencies. We not only have irregularity 
in the high-frequency characteristics but instability 
as well. Thus, a carrier-frequency band, which may 
have been selected as the result of considerable effort 
and which may be very satisfactory fora given condition, 
is often rendered absolutely useless by a change in the 
line conditions. 


A knowledge of the noise conditions likely to be 
encountered on power networks is likewise necessary 
for the correct design of the carrier terminal equipment, 
but unfortunately the factors involved here are many 
and of varied character. Among these sources of high- 
frequency noise may be mentioned corona and leaky 
insulators. The latter trouble may be due to faults 
in the insulators or to collection of dust or other foreign 
material on the insulators. A prolific source of noise 
has been found in the spitting or arcing which occurs 
between the power conductor and metal objects close 
to the conductor but not connected to it. 

The presence of corona on a power circuit introduces 
a very interesting possibility from the standpoint of 
noise production. Effective conductor variations, oc- 
curring as indicated by Doctor H. J. Ryan, would cause 
the attenuation of the power circuit to vary and thereby 
produce modulation on the line itself. If such is the 
case, the amount of noise observed in the voice fre- 
quency range would increase directly as the transmitter 
power in the carrier circuit was increased. 

From these observations it is evident that the success- 
ful operation of carrier communication over power 
lines does not depend alone on the development of the 
carrier apparatus. The transmission line is a very 
important link in the system and can vitiate the per- 
formance of otherwise perfect equipment. 


FUNDAMENTAL CIRCUIT CONSIDERATIONS 


We may now consider the fundamental types of 
circuits available for high-frequency communication on 
power lines. 
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Full duplex operation can be obtained by using two 
independent pairs of wires, or circuits,—one circuit for 
transmission in each direction. "This method is highly 
satisfactory, but in this case it is uneconomical since it 
requires two independent circuits for a given conversa- 
tion. To obtain duplex or automatic two-way opera- 
tion when one circuit is used for both transmission and 
reception, means must be provided for separating the 
transmitted and received currents. This is gen- 
erally done by using any one or a combination of three 
general methods: 

1. Frequency separation. 

2. Balance or bridge method of separation. 

3. Use of voice controlled relay circuits. 

Frequency separation involves the use of two fre- 
quencies, one for transmitting in each direction. 
Selection between the two is obtained by the use of 
selective circuits or filters. 

Separation by the use of balance or bridge methods 
is extensively used in the communication art where the 
lines are electrically long and their impedances remain 
substantially constant. So long as the bridge standard, 
or network, matches the impedance of the line at each 
frequency used, no energy will be transferred from trans- 
mitter to receiver. 

An automatic two-way circuit which in its operation 
is essentially a duplex circuit may be secured by the 
use of voice controlled relay circuits. These circuits 
may employ mechanical relays or vacuum-tube circuits 
for their operation. In either event, the transmitting 
circuit is rendered inoperative during the receiving 
interval, and, conversely, the receiving circuit is inopera- 
tive during the transmitting interval. 

Perhaps the most important consideration is the type 
of high-frequency transmission to be employed. There 
are three systems commonly used: 

1. Systems transmitting the carrier and both 
side-bands. 

2. Systems transmitting the carrier and one side- 
band. 

3. Systems transmitting one side-band only. 

When two frequencies, such as a speech frequency and 
a carrier frequency, are properly introduced into the 
ordinary vaeuum-tube modulator, the products of 
modulation consist of the sum and difference of these two 
frequencies, called, respectively, the upper and lower 
side-band, and the carrier frequency, besides other 
modulation products which may be neglected in this 
discussion. These side-bands are symmetrical in 
position with respect to the carrier frequency and each 
side-band by itself contains all the elements necessary 
to transmit the original speech. 

Obviously, therefore, it is not necessary to transmit 
both side-bands with the carrier, since the original voice 
frequencies may be faithfully reproduced by demodula- 
tion between the carrier and either the upper or the 
lower side-band. Furthermore, the carrier is a constant 
frequency whose amplitude need not vary with the 
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amplitude of the voice. The carrier may be suppressed 
at the transmitting terminal after modulation has taken 
place, and be re-introduced at the receiving terminal for 
demodulation. 

The system transmitting the carrier and both side- 
bands is that employed for broadcasting, and prior to 
this time for all power-line carrier telephone circuits. 
This type of system requires a frequency band of ap- 
proximately 5000 cyles in width for the transmission of 
speech having reasonably good quality. 

A system transmitting the carrier and one side-band 
has essentially the same features as that transmitting 
the carrier and both side-bands except that the band 
width may be reduced to approximately 2500 cycles for 
the same quality. 

The third system in which the side-band alone is 
transmitted requires supplying the carrier locally to the 
receiving circuit. For comparable quality this system 
also employs a frequency band of 2500 cycles. 


CHARACTERISTICS OF THE NEW POWER-LINE CARRIER 
TELEPHONE SYSTEM 


From consideration of the service requirements, the 
line characteristics, and the circuits available, a single 
frequency, single side-band, carrier-suppressed system 
has been adopted as the most efficient and reliable 
means of getting satisfactory communication over 
power circuits. 

Its advantages over a two-frequency system are as 
follows: 

1. It is less likely to be affected by the irregularities 
and instability of power-line high-frequency charac- 
teristics. 

2. Transmission loss in each direction is the same. 

3. Party line conversation is practicable. 

Carrier suppression and the use of a single side-band 
give it the following additional advantages. 

4. Itis more easily adaptable to single-frequency 
operation. 

5. It gives better quality through irregular line 
characteristics. 

6. Ordinary line noise and noise due to any line 
modulation is more effectively subordinated. 

7. Frequency conservation makes multi-channel 
operation easier. | 

8. Received speech level is less affected by line 
attenuation changes. 

9. It has a greater transmitting range for the same 
power. 

10. Lower transmission loss and greater selectivity 
secured in coupling to power line. 

The question of the irregularity and instability of 
the line attenuation characteristic and its effect on the 
operation of any system has already been mentioned 
Although the use of the same band of frequencies for 
transmission and reception simplifies the problem, this 
advantage is enhanced by the use of a single side-band 
system since the required frequency band is a minimum. 
This is a distinct advantage because cases have been met 
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where the peaks in the frequency spectrum were ex- 
tremely sharp and only one frequency band offered 
good operation under all line conditions. 

It is obvious that the transmission in each direction 
with any single-frequency system is the same. 

Party line conversations are not practicable with 
a two-frequency system, although it permits ''broad- 
casting" instructions to all terminals on theline. With 
a single-frequency system, instructions may be issued 
to all operators simultaneously, and a general discussion 
may be carried on between terminals. 

Single side-band transmission simplifies the problem 
of obtaining automatic two-way operation by the use of 
voice-operated vacuum-tube relay circuits, since there is 
no output from the transmitter so long as there is no 
input into the microphone. 

Single side-band transmission gives better quality 
through irregular line characteristics by virtue of the 
fact that the band width is narrow. 

It is apparent that a system with such a high degree 
of selectivity will be less sensitive to interference either 
from line noises or from other carrier channels. Con- 
versely, since a very narrow band is transmitted, the 
possibility of it interfering with other systems or 
channels is reduced to a minimum. There is the 
added advantage that interference from noise as a 
result of possible line modulation is reduced. 

Since, in single side-band transmission, the frequency 
band is only half as wide as is required with double 
side-band transmission, the conservation of frequency 
spectrum resulting thereby facilitates multi-channel 
operation. 

The amplitude of the received signal is a function of 
the amplitudes of the carrier frequency and of the side- 
band frequency. For a carrier-transmitted system, the 
amplitude of the received speech may vary at a greater 
rate than the changes in the transmission loss, since the 
amplitudes of both carrier and the side-band are cor- 
respondingly varied. For a carrier-suppressed system, 
the amplitude of the received speech changes in the 
same ratio as the transmission loss, since only the ampli- 
tude of the side-band is affected and the amplitude of 
the locally supplied carrier remains constant. 

For ordinary modulation, we can say that 100 watts 
of single side-band energy is approximately equivalent 
to 500 watts where the carrier and both side-bands are 
transmitted. 

The fact that a narrow band is transmitted makes 
possible the use of relatively low capacity coupling 
condensers and consequently a coupling filter of high 
efficiency and maximum selectivity can be designed. 
Additional selectivity through filters is provided at the 
input of the first demodulator, between the first and 
second demodulator, and at the output of the latter. 


DESCRIPTION OF CIRCUITS 


At the risk of repeating much that has already been 
written‘ we shall now discuss in general the fundamental 
principles underlying the operation of this new power- 
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line carrier telephone equipment. The satisfactory 
performance of a single side-band carrier suppressed 
system depends to a great extent on the solution of the 
following problems: 

1. The sufficient suppression of the carrier at the 
transmitting end. 

2. The elimination of the undesired side-band. 

3. The design of high stability oscillators. 


EXTENSION TO 
LOAD DISPATCHERS 
TELEPHONE SET 


MODULATOR BAND 
FILTER 


FREQUENCIES 
TRANSMITTED 
25 SKC TO28KC 


WOLFE AND SARROS: POWER-LINE CARRIER TELEPHONY 


SECOND MOOULATOR 


Journal A. I. E. E. 


synchronism cannot be realized in practise, and measures 
are taken for suppressing to the desired degree the 
carrier and unwanted side-band in order to circumvent 
the slight discrepancy between the modulating and 
demodulating carriers. Balanced, or push-pull modula- 
tors, as employed here, suppress the carrier to a con- 
siderable extent. Further attenuation is obtained by 
locating the frequency of the carrier at a point beyond 
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stability and have proved very satisfactory. However, 
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the cut-off of the attenuation characteristic of the band 
pass filter used for eliminating the undesired side-band. 
Any carrier that may be transmitted under these con- 
ditions is further prevented from causing trouble by the 
use of balanced demodulators. 

Another interesting phase in connection with this 
problem is the use of double modulation and demodula- 
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tion. Doublemodulation providesa convenient and sim- 
ple means for obtaining the advantages of a single side- 
band suppressed-carrier system at power-line carrier tele- 
phone frequencies. With double demodulation as 
employed here, the same carrier frequencies are used for 
both modulation and demodulation. 

In the case of the system under consideration, duplex 
or automatic two-way operation is obtained by the use 
of voice-operated vacuum-tube "relay circuits." This 
is effected by rendering either the transmitter or receiver 
inoperative by causing the voice itself to control a 
heavy negative grid bias on the modulator and demodu- 
lator tubes. There is also provided an interlocking 
device which prevents incoming energy or room noise 
from rendering the transmitting circuit operative while 
receiving. Essentially this same scheme is employed 
in the transatlantic radio cireuit.5 It has also been in 
use for years in long cable toll circuits where echo 
suppressors^ have been found to be indispensable. 

All power for plate and grid potentials is derived from 
vacuum-tube rectifiers. The filaments for the low- 
power tubes may be supplied from a 30-volt storage 
battery. 


INITIAL INSTALLATION 


Three terminals of this new equipment are now in 
operation on the lines of the Pacifie Gas & Electric 
Company. They have provided a communication 
service over power circuits which have presented very 
serious communication difficulties to apparatus pre- 
viously tried. The high-tension circuit over which 
this equipment operates, consists of the 202-mi., 220- 
kv. lines from Pit No. 1 Power House to Vaca Dixon 
Substation and of the 58-mi., 110-kv. lines from this 
point to the Claremont Substation in Berkeley. From 
Claremont to the load dispatcher in Oakland, there is a 
five-mile two-wire low frequency extension of under- 
ground cable with remote control at the dispatcher’s 
office. The voice-frequency circuit may be extended 
from the dispatcher’s office or any of the carrier ter- 
minals by connection to other two-wire telephone 
circuits. 

There are three points of particular interest in this 
installation. First, the 58-mi. section is part of one of 
the largest 110-kv. networks in the country and poten- 
tially, therefore, subject to wide changes in its high- 
frequency characteristics. Second, the transfer of the 
high-frequency energy from the 110-kv. line to the 220- 
kv. line (and vice versa) is accomplished through a by- 
pass or filter circuit without the use of a repeater. Third, 
this particular 220-kv. line presents an unusually diffi- 
cult problem because of the large amount of high-fre- 
quency noise present. This noise is probably produced 
from two major sources—corona and static discharges 
between the line conductors and the corona shields. 


CONCLUSION 


The terminal equipment described in the foregoing 
discussion represents a distinct advance and employs the 
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circuits and apparatus best suited for our present con- 
ception of the service requirements and our present 
knowledge of power-line conditions at carrier frequen- 
cies. It must be remembered, however, that power 
lines as at present constructed and operated present an 
uncertain medium for communication, and that al- 
though this equipment overcomes these difficulties to 
a large extent, the effectiveness of power-line carrier 
telephony would be considerably increased by an 
improvement in the transmission medium. 

Some work has been done on methods for stabilizing 
power-line conditions at high frequencies, but so far, the 
results have been meager and the apparatus developed 
has not met with general approval. Considerable work 
remains to be done on this problem. Its satisfactory 
solution will materially increase the effectiveness of 
power-line carrier telephone circuits. These improve- 
ments, of course, will in no way detract from the superi- 
ority of the single-frequency, single side-band carrier- 
suppressed system therein described. 
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CANADA'S ELECTRICAL GROWTH 


Recent statistics on power consumption in Canada 
show that the average number of kilowatt-hours of 
electrical energy generated daily for Canadian use, 
exclusive of energy exported, during the month of 
May was 37,000,000, as compared with 31,000,000 in 
May, 1927, and 25,000,000 during the same month in 
1926. The amount generated in May, 1923, was 
16,000,000 kw-hr. 

Since 1923 Canadian production has increased by 
129 per cent, and, using the amount generated in 1923 
as a base, the yearly increase during the past five years 
has amounted to more than 25 per cent. This large 
increase in Canadian power production has taken 
place during the period when there was an extraordi- 
nary development going on in the newsprint industry. 
In 1923 newsprint production during the first six 
months of the year amounted to 627,000 tons, and in 
1928 the total for the corresponding months was 
1,164,000 tons. 


Mercury Arc Rectifier Substations 


BY GEORGE E. WOOD: 


Non-member 


Synopsis.—Mercury arc rectifiers alone supply the power for 
the electric railway system at Bridgeport, Connecticut. In this 
paper are given an account of the rectifier substations and some 


€ B , ‘ROM obsolescence to modernity” within a period 

of lessthana yearisthestory of the rehabilitation 

of the power facilities of the Bridgeport Division 
of The Connecticut Company. The intent of this paper 
is to present a brief yet comprehensive description of 
the new substations recently completed. Also to set 
forth such operating data as have been gathered during 
the short period they have been in operation. 

During the autumn of the year 1926 it was decided 
to abandon the old steam generating station on Sea- 
view Avenue on account of steadily increasing pro- 
duction costs resulting from obsolete types of equip- 
ment and physical depreciation. In analyzing the 
situation, not only was the type of equipment con- 
sidered, but also possible improvement in the distri- 
bution system, and all phases relating to economical 
power costs. 

Preliminary studies disclosed the fact that the mer- 
cury arc power rectifier had several advantages over 
the synchronous converter and the motor-generator 
set which, from the standpoint of economy, demanded 
serious considerations. However, on account of its 
comparatively recent advent into the American field of 
converting equipment of medium and large capacities, 
its one great disadvantage was that little was known of 
its reliability. 

Had the contemplated improvements been simply the 
installation of an addition to the present facilities, there 
would have been no hesitancy in choosing the rectifier. 
But such was not the case. The company was con- 
fronted with a problem involving the renewal of its 
entire facilities having in mind economy and reliability 
as the major considerations. There were no prior 
installations in which the rectifier was employed as the 
sole means of powering a traction system in its entirety 
and consequently there were no established facts avail- 
able for guidance. 

Investigation of the rectifier disclosed the fact that 
wherever it was in service, it was functioning in a 
creditable manner. It was efficient and much more 
reliable than general opinion had credited it with being. 
Accordingly it was decided that, in the interest of 
economy, it should be installed in the new stations then 
under consideration. Actual work on the new stations 
commenced in March 1927. 

The territory served by the substations, as well as the 
location of the old and new facilities, is shown in Fig. 1. 

1. Supervisor of Power Stations, The Connecticut Company, 
New Haven, Conn. 


Presented at the Northeastern District No. 1 Meeting of the 
A. I. E. E., New Haven, Conn., May 9-12, 1928. 


reports of the operating experience during the last several months 


since the stations were completed. 
* * * * * 


The site of the old Seaview Avenue Steam Plant was 
abandoned and the substations erected on the sites 
indicated, in order that power might be delivered more 
nearly at the center of load. The outstanding advan- 
tages of the new locations are; better voltage conditions 
on the various car routes, an annual saving in power 
losses, the abandonment of a submarine cable crossing 
and its attendant hazards, the salvaging of approxi- 
mately 30 mi. of feeder and the elimination of the neces- 
sity of expending $60,000 for a new submarine crossing, 
a condition brought about by the construction of a new 
bridge over Yellow Mill Pond. 

Analysis of load conditions indicated that the station 
in Bridgeport required a capacity of 6000 kw. in order 
to carry its heaviest loads and still allow sufficient 
reserve. The capacity required of Stratford was 1600 
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Fic. 1—STREET RAILWAY System FED ONLY By MERCURY ARC 
RECTIFIERS 


kw. Tentative plans indicated that a 2000-ampere 


continuous rating rectifier with 12 anodes was most 


economical from the standpoint of building costs. 
Accordingly seven rectifiers were purchased, five for 
installation at Bridgeport and two at Stratford. The 
advantage gained on making all units identical in size 
and characteristics was considered sufficient to install 
a slightly greater capacity at Stratford than was 
required. 

As regards the capacity of the rectifiers, it may be 
said that they havetworatings. First, they are capable 
of delivering 2000 amperes at 600 volts continuously 
with momentary overload capacity of 3000 amperes. 
Second, they are capable of delivering 1500 amperes 
continuously, 2250 amperes for two hr. period and 3000 
amperes momentarily. 


Primary, three-phase, 60-cycle power at 13,900 volts 
is purchased from The New York, New Haven and 
Hartford Railroad Company at its substation adjacent 
to the Devon Plant of the Connecticut Light and Power 
Company approximately seven miles east of Bridgeport. 
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This power is transmitted over two three-phase 4/0- 
stranded copper high-voltage lines which are strung on 
the towers on the north and south side of the railroad 
company’s right-of-way. Both lines are normally 
energized, the so-called South Line being given pref- 
erence in carrying the load. These transmission lines 
are connected to outdoor high-voltage structures at 
Stratford and Bridgeport through the usual switching 
equipment. 

The essential difference between the two stations 
lies only in the fact that the Bridgeport station is 
arranged for manual control whereas the Stratford 


station is fully automatized. On account of this simi- 
larity a description will be given only of the Bridgeport 
Station. 

The design of the outdoor structure and the arrange- 
ment of equipment (Fig. 2) lends itself at once to 
simplicity, flexibility and reliability. The arrangement 
is symmetrical and provides such clearances between 
the various units as will afford the maximum of safety 
to the operators. The high-tension bus of copper tub- 
ing is suspended from the upper chords of the structure 
over the aisle between the incoming line oil circuit 
breakers and those controlling the individual rectifiers. 
This bus is sectionalized at a point between the incom- 
ing lines dividing the station, if desired, into two com- 
plete units of two and three rectifiers each. 

A special feature of the bus layout is an auxiliary 
bus tapped from each of the incoming transmission 
lines ahead of their control breakers. These auxiliary 
buses occupy a position similar to the main bus over the 
aisle between the lightning arresters and the trans- 
mission line control breakers. They are both normally 
energized and are connected through auxiliary trans- 
formers to the 220-volt auxiliary bus within the station. 
In the event of failure on either transmission line, the 
station auxiliary bus is automatically transferred from 
the line upon which the failure occurs to the other by 
means of an automatic change-over switch. This 
arrangement was resorted to in order to insure a con- 
tinuous supply of power to the auxiliary equipment so 
reducing the duration of outages to an absolute mini- 
mum in case of line trouble. 

A third bus extends the entire length of the structure 
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over the center line of the rectifier transformers. This 
is the station negative bus to which the neutral points 
of the transformers and aerial negative track returns are 
connected. The negative side of all instruments within 
the station are brought through a common lead to 
this bus and with this exception, the entire negative side 
of the system is out-of-doors. 

All of the outdoor equipment is of standard design 
and manufacture, the oil circuit breakers controlling 
the incoming lines being Type FO-40-A, and those in 
the rectifier circuits, Type D-16-A. All breakers are 
arranged for 220-volt, three-phase motor closing and 
24-volts d-c. tripping. 

The current and potential transformers are of the oil 
immersed type. 

The transformers are of the O. I. S. C. type and 
their arrangement is unusual in that it consists of 
a step-down transformer with an auto-transformer 
inserted in the line. This arrangement was resorted to 
in order to keep the main transformer dimensions 
within reasonable limits and to simplify its construc- 
tion, as each transformer was required to be built for 
operation from either a 25- or 60-cycle, three-phase 
source of supply at primary voltages of 6600, 11,000 
and 13,900 volts, with five 2 per cent taps above and 
five 2 per cent taps below normal voltages, the 
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Fic. 3—SEcTION or Mercury Arc RECTIFIER SUBSTATION 


secondaries to be arranged for double six-phase, 550 
volts and the neutral points to be brought out for con- 
nections to the negative bus. The function of theauto- 
transformer, therefore, is to provide the necessary taps 
to meet these requirements. 

The transformers are all truck mounted and may be 
removed for repair by transferring to a low geared truck 
operating in the track shown in the plan. 

The building is of simple, though substantial, con- 
struction and has a floor area of 0.29 sq. ft. per kw. of 
installed capacity. On account of its proximity to the 
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Poquonnock River it is erected on wooden piles and 
concrete sub-foundations. The sub-floor is water- 
proofed as are the side walls. Between this floor and 
the operating floor all conduits are installed. The 
conduit for the anode leads is bricked into the wall and 
extends to the pull box adjacent to the rectifiers. 
All wires between the switchboard and the rectifiers, 


Fic. 4—INTERIOR OF SUBSTATION 


auxiliaries, and control apparatus enter a trench in the 
rear of the switchboard thence to the apparatus. 

The rectifiers, vacuum pumps, ignition and excita- 
tion transformers (Figs. 3, 4, and 5) are mounted on a 
raised platform extending the length of the station. 
They are enclosed by a screen four feet high as all 
external surfaces are alive when under load. 


Fic. 5—View or RECTIFIERS, Vacuum Pumps AND IGNITION 
AND ExciTATION TRANSFORMERS 


Each rectifier anode is water-cooled by means of an 
enclosed thermo syphonic cooling system. The bowl 
is cooled by means of a circulating system consisting of 
a fin-tube type radiator, circulating pump and motor- 
driven blower (Fig. 6). Cooling air is taken from the 
room and discharged either out-of-doors or within the 
room. This has eliminated the necessity of installing 
a heating system. Water is conducted to and from the 
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rectifier bowl through brass pipes, the cooler, pump, and 
piping being insulated from ground to reduce electro- 
lytic action to a minimum. The systems are arranged to 
operate in any of three ways, (1) as a closed system, 
(2) from the city main or (3) in combination. Water 
enters the jacket of the bowl at the cathode, passes up 
and through the anode plate, into the jacket surround- 
ing the mercury condensation chamber and out of the 
top. Temperatures are indicated by a thermometer in 
the anode plate. Contacts are arranged at 53 deg. cent. 
for lamp indication and 60 deg. cent. for tripping the 
d-c. breaker. 

Vacuum is maintained in the bowl through the me- 
dium of a two-stage vacuum pump. The high vacuum 
stage is of the mercury vapor type and discharge to the 
suction of a motor driven rotary pump which operates 
in oil. Energy for the heating plate of the mercury 
pump is obtained through a one-phase auxiliary iso- 
lating transformer. 


Fic. 6—View SHOWING BLOWERS AND CIRCULATING PUMPS 


Absolute pressure within the bowl is measured by 
means of a four-element resistance. Two elements are 
in vacuum and two in the atmosphere. The variation 
in absolute pressure causes a variation in temperature 
thus varying the resistance in the circuit and the 
vacuum is indicated by means of a millivolt-meter, 
calibrated in microns. Energy for this circuit is 
obtained through an isolating transformer in the rear 
of the switchboard. Average absolute pressures range 
between three to five microns; the rectifiers will operate 
with absolute pressures as high as 10 to 20 microns. 

Ignition is accomplished by energy from an isolating 
transformer and reactor. When the circuit is closed the 
ignition coil is energized through the ignition relay and 
the rod is drawn down against the action of a spring 
into the mercury forming the cathode. As contact is 
made the relay deenergizes the coil and the rod is drawn 
upward striking the arc. An arc is then established 
between the excitation anodes and the cathode and the 
unit is ready for service. 

The switchboard consists of 20 panels, 14 of which 
control the outgoing 600-volt, d-c. feeders, five control 
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the rectifiers and one the incoming lines, auxiliary 
power and battery charging equipment. The only 
special features on the board are the auxiliary change- 
over switch, the thermal tripping relay on the rectifier 
d-c. breakers and the absolute pressure indicators which 
have been mentioned. 

At Stratford, the automatic equipment has the usual 
protective devices such as overload, low-voltage, phase 
balance, overheating, failure of water, vacuum failure, 
etc. 

Operation of the Bridgeport station commenced on 
August 15, 1927 and all units were in service on Sep- 
tember 15th. The Stratford station commenced opera- 
tion on December 2, 1927. During the first few months 
many operating difficulties were encountered as is usual 
when new installations are first put into service. "These 
troubles were all of a minor nature and are now practi- 
cally eliminated. The difficulty that has caused the 
greatest concern is telephone interference. This was 
much more severe at Stratford than at Bridgeport 
due no doubt to greater exposure of the telephone cir- 
cuits. A temporary reactor installed in the negative 
bus and resonant shunts in the rectifier circuits have 
practically eliminated this trouble and it is hoped, that 
with the installation of the permanent equipment, it 
will disappear entirely. 

Since October 1, 1927 records show that there have 
been 70 instances where service has been interrupted 
from various causes. None of these outages has been 
of longer duration than four min., the majority being of 
but one min. These may be subdivided as follows: 
High-tension disturbance 5-8 min.; overload 7-9 min.; 
d-c. disturbances 10-19 min.; back-fire at anodes 26- 
30 min.; due to construction work 7-13 min.; unknown 
15-34 min. Total 70-113 min. 

That conditions have greatly improved is evidenced 
by the record for 27 days of January during which there 
have been but four ''back-fires" and total outage of 
five min. for the period. After four months of operation 
experience indieates that there is no question but 
what the rectifier will prove as reliable, if not more so, 
than the synchronous converter. 

Its operation also is much simpler than the converter; 
it requires much less attention, and can be put into 
service on a few seconds’ notice. The operator is not 
required to concern himself as to the equal division of 
load between the units he may have in service. This 
division automatically balances itself when a unit is 
put into or taken out of service. Voltage regulation is 
good it varying but little over five per cent between no- 
load and full-load. 

No definite information is available on what actual 
maintenance costs will be as the stations have not been 
in service a sufficient length of time to give any positive 
indication thereto. However, it is practically a cer- 
tainty that it will be much less than for a converter 
station. This is evidenced by the fact that it has been 
found possible to make the most extensive repair that 
can be expected on a rectifier in three working days 
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using three men. To date the only replacements made 
on all seven rectifiers are; one anode gasket, one excita- 
tion anode bushing, and one ignition rod bushing. The 
reason for these replacements is no doubt due more to 
handling than to any other cause as no trouble has been 

experienced from overheating. | 

The efficiency of the rectifier is unquestionably 
greater than that of any other type of converting equip- 
ment. All tests that have been made have included the 
power used for the operation of the auxiliaries and for 
loads from 70 per cent to 100 per cent show an efficiency 
of from 92 to 93 per cent. Daily operating logs from 
the station for loads ranging from 48 to 55 per cent 
capacity factor show an efficiency of from 90.5 to 
91.8 per cent. 

Considered from all phases, the initial performance of 
the Bridgeport and Stratford Rectifier Stations has 
been very gratifying. During the short period that 
they have been in service, they have demonstrated 
clearly that they are efficient and reliable and there is 
no question but that in a few years, as experience indi- 
cates, developments will be made in the design of the 
rectifier that will give it first choice in all installations 
where the conversion of alternating current to direct 
current is concerned. 


MUNICIPAL AIRPORTS 


The Aeronauties Division of the Department of 
Commerce, has reported that the municipality airports 
in the United States on August 15, 1928, the 25th 
anniversary of flight, numbered 367. "There are also 
331 private and commercial airports, while intermediate 
landing fields maintained by the Department number 
256. The Army has 62 airports and there are 17 naval 
aviation fields. 

The Department of Interior has drafted blank leases 
for the use in establishing the status of airports estab- 
lished on public lands. The regulations for governing 
the licensing of these lands may be obtained from the 
Secretary of the Interior. These regulations were 
issued in accordance with an Act of Congress approved 
May 24, 1928, Public 499, entitled “An Act to Authorize 
the Licensing of Public Lands for Use as Public Avia- 
tion Fields." 

Assistant Secretary of War, F. Trubee Davison, in a 
recent address, urged all organizations interested in 
civic welfare of their communities to cooperate in 
securing a marking of their towns in such a manner as 
to be of assistance to aviators in flying over those 
communities to locate their bearings. 

The Aeronautics Branch of the Department of Com- 
merce recently announced that there are 26 companies 
in the United States operating 32 airways over 13,121 
miles, with planes flying 31,240 miles daily. This air 
mileage is soon to be increased to 15,869 miles when the 
2738 miles of airways now scheduled to become active 
is put into operation. Of this total mileage, 14,502 
miles are air mail lines. 


Electric Welding 


ANNUAL REPORT OF THE COMMITTEE ON ELECTRIC WELDING* 


To the Board of Directors: 


During the past year, marked progress has been made 
in the application of electric welding to an increasing 
number of industrial uses including welding of pipe, 
pipe lines, structures and cracking stills for gasoline 
production. A few outstanding applications are men- 
tioned by way of example in the following paragraphs. 

One of the largest welding jobs completed during the 
year was the Mokelumne River Project, a pipe line 
supplying water to Oakland and other Bay Cities near 
San Francisco. This line is 90 mi. long. The pipe is 
66 in. in diameter and its thickness varies from 3% in. 
to $$ in. depending on the water pressure in the par- 
ticular section of pipe. This job is completed and is, 
so far as known, the largest single job of welding whic 
has ever been undertaken. i 

This pipe was so large that it was necessary to join 
two plates in order to get the required diameter, one 
joint being made on each side of the pipe. These were 
welded by the automatic carbon-are welding process. 
After each section of the pipe was welded, it was tested 


by hydraulic pressure at a fiber stress of about 23,000 


Ib. per sq. in., and while under this pressure, heavy 
sledges were dropped from a 4-ft. height on each side 
of the joint, the sledges being one foot apart. This 
gave a shock test to the joint at the time when it was 
subjected to the maximum hydraulic pressure. 

The contract price on this job of arc welding was 
twelve million dollars. The best figure offered for the 
same pipe riveted was fifteen million dollars. 

During the year, 45 mi. of 7-in. oil pipe line was 
electrically are welded in Louisiana. The pipe was 
made in the ordinary way and the ends of the pipe were 
welded. The chief advantage of this method is that 
the finished pipe line is free from the leakage that some- 
times occurs at joints made by threaded couplings 
in the old way. 

This pipe was welded at $1.25 per joint contract price. 
According to the people who did the welding, the actual 
cost was 58 cents per joint. The best proposition for 
welding this pipe by any other method than the metallic 
arc was $2.75 per joint. 

During the year, a number of cracking stills for the 
production of gasoline from crude oil were welded by the 
A. O. Smith Corporation. They have been put into 
service for carrying pressure as high as 1000 Ib. to the 
square inch and a temperature as high as 900 deg. fahr. 


*COMMITTEE ON ELECTRIC WELDING: 
J. C. Lincoln, Chairman. 
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Presented at the Summer Convention of the A. I. E. E., 
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This is work which can be done only by the welding 
process. The results cannot be accomplished at all 
by the older riveting process. 

Four papers on electric arc welding were presented 
at the Winter Convention of the Institute. One of 
these papers by J. B. Green' of the Fusion Welding 
Corporation dealt with the influence of the covering 
of the electrode on the characteristics of the are. Dur- 
ing its presentation slow-motion pictures of the arc 
taken with infra-red light were shown. These dis- 
closed how the metal goes across the arc from the 
electrode to the work. 

The paper by P. Alexander? of the Research Depart- 
ment of the General Electric Company at Lynn, Mass., 
dealt with the influence of the surrounding atmosphere 
on the arc. 

The paper by A. M. Candy’ of the Westinghouse Elec- 
tric & Manufacturing Company described a five-story 
building recently erected by welding, and a paper by 
A. P. Wood! of the General Electric Company described 
what is being done at Schenectady in the way of welding 
electric machines of all descriptions. 

Since that time, a bridge has been erected by welding 
by the Westinghouse Company at their plant at 
Chicopee Falls. This bridge has 80 tons of structural 
steel in its construction and would have required 120 
tons if it had been erected by the riveting method in 
the regular way. | 

Early in 1928 three prizes offered by the Lincoln Elec- 
tric Company for the best papers on electric are welding 
through the American Society of Mechanical Engi- 
neers were awarded by a committee of seven judges 
representing the Engineering Societies and the Bureau 
of Standards. 

The first prize of $10,000 was awarded to J. W. 
Owens of the Newport News Shipbuilding & Dry Dock 
Company, for a paper on “Electric Arc Welding in 
Ship Construction." 

The second prize of $5000 was awarded to Professor 
H. Dustin of Brussels, Belgium, for a paper covering the 
method of caleulating the strength of welding, giving 
data not heretofore available. 

The third prize of $2500 was awarded to H. E. 
Rossell of the Philadelphia Navy Yard on the use of 
electric are welding in the construction of bulkheads. 

The American Welding Society has had committees 
on structural-steel welding and on pressure-vessel 
welding at work during the year and substantial prog- 
ress has been made in the work of the committees, 
although no final report has been issued. 

J. C. LINCOLN, Chairman. 


1l. A.I. E. E. Quarterly Trans., No. 2, Vol. 47, 1928, p. 820. 
2. Ibid., p. 706. 
3. Ibid., p. 711. 
4. Ibid. p. 717. 
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The Communication System of the Conowingo 
Development 


BY W.B. BEALS! 


Member, A. I. E. E. 


Synopsis.—T his paper describes the communication system 
which has been installed to serve the power plant at Conowingo, 
Maryland, and its associated transmission line. 

The important features to be considered in designing a telephone 
system for a power plant are pointed out. The types of telephone 
switchboard and telephone instruments chosen in this case 
to meet the special requirements of the generating station, 


1. INTRODUCTION 


HE proper functioning of a power plant and dis- 
tribution system depends to a large extent upon 
the ability of the operating force to communicate 

easily and promptly with one another. Therefore, 
the details of design of a power system may be influ- 
enced by a consideration of the various possibilities of 
telephone communication. | 

The design of a telephone system to meet the needs 
of a generating station such as that at Conowingo and 
the transmission network associated with such a system, 
requires the closest cooperation between the power and 
telephone engineers and a thorough understanding of 
each other's problems. 


Among the important features to be considered in 
this cooperative work are: 

a. Continuity of service. 

b. Means for quick communication with any part 
of the generating station. 

c. Location of telephones so that they can be used 
without taking power-house employees away from their 
working stations. 

d. Means for communication between the generat- 
ing station, system operator, and points along the 
transmission line. 

e. Protection for the circuits connecting with the 
general telephone system. 


All of the features in the above list were given very 
careful consideration in designing the telephone system 
for the Conowingo project. 


The essential elements of such a telephone layout 
consist of a private branch exchange switchboard which 
provides convenient means for connecting a telephone 
in one part of the plant with a telephone in another 
location or with telephone central offices; telephone dis- 
tribution cables running from the switchboard to the 


1. Transmission & Protection Engineer, The Chesapeake 
and Potomac Telephone Co. 

2. Engineer of Transmission & Outside Plant, The Bell 
Telephone Company of Pennsylvania. 

Presented at the Regional Meeting of the A. I. E. E., District 
No. 2, Baltimore, Md., April 17-19, 1928. 
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together with the layout and cabling arrangement, are outlined 
The paper also discusses the possible ways of providing for the 
needs of the load dispatcher and the plan adopted at Conowingo; 
the facilities provided the patrolmen for calling from points along 
the transmission line; the connection from the private branch ez- 
change to the general telephone system; and the special electrical 
protection installed on the long lines leaving the power house. 


locations where the telephones are installed; circuits 
running from the branch switchboard to the central 
office of the telephone company; and finally, the tele- 
phones themselves so located as best to meet the needs 
of the people who are to use the system. 


2. PRIVATE BRANCH EXCHANGE AND ASSOCIATED 
POWER PLANT 


(a) Conditions To Be Met and Type Adopted. The 
Conowingo power house is located within the area 
served by the Darlington, Maryland, Central Office. 
In the Darlington central office area, the service is of 
the magneto type (t. e., hand generators are used for 
signaling and dry cells are installed at each telephone 
set to supply talking battery). In such an area it is 
usual to furnish private branch exchange equipment of 
the same type. At the Conowingo power house, 
however, in view of the size of the installation and the 
fact that it lends itself better to some of the rather 
special arrangements needed at certain places in the 
power house, it was decided to use the common battery 
type of telephone system where the telephone user 
signals the operator by simply lifting the receiver 
off the hook. 

The adoption of the common battery type of private 
branch exchange in the Darlington central office area 


- necessitated certain modifications in the usual type 


of switchboard in order to furnish lamp signaling 
and supervision and at the same time to operate on 
connections to the magneto central office switehboard 
at Darlington. 


The operating battery consists of eleven cells of the 
enclosed radio type and is kept in a fully charged con- 
dition by a small, full-wave rectifier, operated from the 
local lighting circuit and adjusted to trickle charge 
the battery continuously. The battery has sufficient 
capacity to operate the telephone system for some time 
in case of trouble with the rectifier or the local lighting 
circuits. 

Regular and emergency ringing interrupters are 
installed for supplying energy to ring the various tele- 
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phone stations and the central office of the telephone 
company. A hand generator is also installed in the 
switchboard for emergency use. 

Alarm signal equipment, consisting of a bell and 
lamps, is provided to indicate the operation of a charge 
or, discharge fuse on the battery, the failure of the a-c. 
service or the burning out of a rectifier tube. Spare 
fuses and rectifier tubes have been conveniently located 
for replacements in case of failure. 

(b) Location and Layout of Private Branch Exchange 
Equipment. The private branch exchange switchboard 
is installed in the main control room and adjacent to the 
power switehboard operator's desk, so that it can be 
operated by the power switchboard operator when 
desired. It is equipped for handling 70 common 
battery lines, 10 local battery lines and 5 central 
office trunk or long tie lines (such as lines to Phila- 
delphia). Provision has been made for further trunk 
and tie line growth. 

In the usual private branch exchange all relay and 
signaling equipment is contained in the telephone 
switchboard framework. The modifications at Cono- 
wingo required a number of additional relays and 
repeating coils which the switchboard would not 
accommodate. These relays and coils have been 
mounted on a small rack similar in design to those used 
in small telephone central offices. Since the ultimate 
layout of the main control room would not permit the 
installation of this rack adjacent to the telephone 
switchboard, it has been placed in another room as close 
as possible to the board. 

From the telephone switchboard lead-covered cables 
extend to a cross-connecting main frame which permits 
the association of any cable pair in the distributing 
cables to the telephone stations, or, in the cable leading 
out of the power house, with the proper switehboard 
terminal. The distributing frame is of the type used 
in small telephone central offices and carries the 
standard telephone protectors. It has been located in 
the same room assigned to the telephone power plant. 
This room is close to the center of distribution of the 
telephones which will ultimately be needed and will, 
therefore, permit of the most economical distribution 
cable layout. 


3. TELEPHONE STATION EQUIPMENT AND DISTRI- 
BUTION CABLE 


(a) Requirements and Types Adopted. As men- 
tioned previously, the main requirements of the appara- 
tus to be installed in the power station are simplicity 
of operation, durability and compactness. The first 
of these has been met by the adoption of common 
battery signaling equipment. 
third conditions the telephones have been placed in 
recessed cabinets in the walls. Each cabinet is de- 
signed to hold a standard desk stand and bell box and 
is provided with a door which lets down to serve as a 
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shelf when the telephone is in use. When the telephone 
is not in use, the door is kept closed and the apparatus 
is out of the way in a protected location. "This method 
of installation is general in thg power stations and sub- 
stations of the Philadelphia Electric Company. 

At the gage board at each of the machines, under 
certain conditions it will be necessary for attendants to 
take orders over the telephone, read the meters, and 
adjust apparatus at the same time. In order to meet 
this condition and still avoid the possibility of having 
telephone apparatus in a position where it might be in 
the way, a jack has been provided at each of the gage 
boards, and operators' telephone sets with chest trans- 
mitters and head receivers with extension cords have 
been provided in convenient locations for use with the 
jack ended circuits. The jacks are enclosed in dust- 
proof boxes and are connected to two circuits terminat- 
ing on the switchboard, one circuit terminating at the 
panels for service generators Nos. 1 and 2 and main 
generators Nos. 1 to 4 and the other circuit at the panels 
for present and future main generating units Nos. 5 to 
11. With this arrangement the station attendants 
can talk over the telephone and yet have both hands 
free for whatever they are required to do. 

Telephone stations have been provided along the dam 
for use in making reports from points in the vicinity of 
the gates. Since these stations are in locations which 
will always be subject to a certain amount of moisture, 
mine type sets have been installed in recessed cabinets 
located at convenient points along the parapet wall. 
These cabinets are provided with metal frames and 
covers and are kept locked in order to prevent use of the 
telephones by unauthorized persons. Mine type sets 
have also been provided on the observation platform 
near tl 2 spillway and in the inspection tunnel in the 
vicinity of the butterfly valves. 

Five mine type sets have been installed on the steel 
framework of the substation located on the roof of the 
power house, some points of which are 85 ft. above the 
level of theroof. They providea means of communication 
with men working on the 220-kv. disconnecting switches. 
Four additional mine type sets have also been installed 
at various locations on the roof of the power house. In 
addition to these telephones, four jack-ended circuits 
have been mounted inside of the mine type sets on the 
roof. Durable, moisture proof extension cords termi- 
nated at one end in a plug for connection to the jack- 
ended circuits and at the other end in a small jack box 
have been provided for the use of men working on the 
inside of the 220-kv. cireuit breaker tanks. The jack 
boxes are arranged to be attached to the workmen's 
belt in order to leave both his hands free. A regular 
telephone operator's set with a short cord and plug is 
provided so that the workman may insert the plug in 
the jack box on his belt. This gives an easy means of 
communication between the men working in the circuit 
breaker tanks and men outside. 
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In the office bay, standard desk set equipment has 
been provided for office employees. 

(b) Cabling Layout. In view of the conditions to 
be met in rendering telephone service in power stations, 
the telephone circuits are for the most part in lead- 
covered cable except that the runs from cable terminals 
to the individual stations are made with single pair 
twisted wire. These cables vary from 11 to 101 pairs 
each and are run through metal conduit, installed for 
this purpose when the concrete of the structure was 
poured. The telephone conduits are separated by 
several inches from the conduits carrying lighting and 
other distribution circuits in the power house, and are 
bonded to the power system ground so that in case of 
any faults on the power circuits it is expected that 
resulting voltages and stray currents will not intro- 
duce a hazard on the telephone circuits. The installa- 
tion of telephone cables of the size employed in the 
power house necessitated placing ‘“‘pull boxes" at fre- 
quent intervals along the conduit runs. 

The distribution cables to the stations are terminated 
in tive main terminal boxes where the individual cable 
pairs can be connected to the wiresrunning tothe various 
stations. This permits of considerable flexibility in 
cable pair assignments, and makes it possible readily to 
interchange cable pairs in case one becomes defective 
or to replace a short section of cable without inter- 
fering with the rest of the circuits in the telephone plant. 


4. OUTSIDE LINES 


(a) Trunk Lines and Outside Stations. "The private 
branch exchange is connected with the telephone com- 
pany'scentralofficeat Darlington, Maryland, by means 
of two circuits which are carried out of the power house 
in lead-covered cable and thence by open line wires to 
the central office. The same cable carries a few lines 
to stations located in the employees’ houses not far 
from the dam. 

(b) Load Dispatching Circuits. In any power trans- 
mission system the operations requiring coordinated 
action at power sources and substations make it im- 
perative that communication be established quickly 
and maintained without interruption between the load 
dispatcher and the operating units. 

As the system is extended to include more than one 
source of supply the necessity for this close supervision 
on the part of the load dispatcher is very greatly in- 
creased by the need for proper distribution of loads. 
This supervision may be secured by automatic opera- 
tion or through communieation with an operating force. 


At the A. I. E. E. Midwinter Convention in Phila- 
delphia in February 1924, two papers were presented 
describing apparatus for distant operating by mechani- 
cal means. The use of this equipment places in the 
hands of the load dispatcher the means of regulating 
generators and loads by his own personal actions and 
in certain eases generating plants and substations ean 
be very satisfactorily operated in this manner. Asso- 
ciated with the mechanical operation of these systems 
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there must be visual indication of their conditions by 
such means as distant metering, gaging, etc. 

With power units and substations of such size as 
are involved in the Conowingo project, personal atten- 
dance becomes imperative for a number of reasons, and 
therefore system operation from a distant point through 
mechanical agencies was deemed not suitable for this 
installation. 

Several methods which present themselves, viz., 
telephone, telegraph, and printing typewriter were 
considered in setting up the load dispatching system 
for the Conowingo power project. The extensive 
existing load dispatching system of the Philadelphia 
Electric Company system had a great influence in 
deciding what extensions should be made to care for the 
interconnection with the Conowingo project. This ex- 
isting system consists of private lines leased from the 
telephone company and connecting the various sub- 
stations and generating centers with the general office 
building of the company. At this location the lines 
terminate in a magneto switchboard in the office of 
the load dispatcher who can thus secure instant direct 
contact with the various units of the system. 

This system is reserved for the exclusive use of the 
load dispatching forces and no connection is provided to 
the telephone company’s exchange system except 
through an emergency circuit on the board in the load 
dispatcher’s office. 

Direct telephone company facilities were, therefore, 
found most suitable in the extension to Conowingo of 
the load dispatching system. In planning this ex- 
tension, two prime factors were considered to be 
highly important, continuity and reliability of service. 
To provide for the former, it was decided to supply 
both regular and emergency circuits routed through 
separate cables or over separate pole lines so that 
in the event of ordinary maintenance troubles which 
might affect one circuit, the second would be available. 
The reservation of both of these circuits for load 


dispatching exclusively is not warranted, and provision 


is made for one to be used between the private branch 
exchanges provided for general telephone business, but 
to be available to the load dispatcher by means of loop 
jacks in his private line switchboard. This latter 
arrangement permits the load dispatcher to take over 
the use of the second circuit and clear any conversation 
that it may be carrying. 

The second requirement, reliability, presented the 
more difficult engineering problem, as it will in any 
similar situation. The telephone company had exist- 
ing plant for the entire distance from the Conowingo 
site to the headquarters of the Electric Company at 
10th and Chestnut Streets, Philadelphia, consisting of 
underground cable plant between Philadelphia and 
Havre de Grace at the mouth of the Susquehanna 
River connected to an open wire pole line from Havre de 
Grace to the power site. Underground plant is, of 
course, most reliable, but the open wire line may be 
interrupted during heavy sleet and wind storms. 
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The power company has a conunuous private right- 
of-way from Conowingo to Plymouth Meeting. This 
right-of-way is free from trees and other obstructions, 
but proximity to the high-voltage transmission line 
rendered it unsuitable for communication circuits. 

Various means of securing telephone service were 
studied, including carrier current systems on the power 
transmission lines and short wave radio. At the time 
this paper was prepared, consideration was being 
given to the desirability of building a new pole line ona 
private right-of-way, cleared of trees and shrubs, from 
Havre de Grace to the power site. The poles and wires 
would be so spaced and of such strength as to be capable 
of withstanding ice and sleet loads such as have been 
encountered in the past. 

While load dispatching is of prime importance in 
setting up communication service, there are other 
important uses which cannot be neglected. Many 
routine matters of operation and maintenance can best 
be handled by telephone and facilities to do this must be 
provided. Many power companies do not feel that it 
is necessary to reserve the dispatching circuits exclu- 
sively for that service and use the same circuits for the 
transaction of general business. However, with the 
demand on the power companies for continuous service 
by trunk line railroads and city water supply systems, 
etc., the necessity of immediate communication for 
load dispatching purposes becomes more exacting. 
For this reason the Philadelphia Electric Company 
decided to provide a second circuit to care for general 
business and make this second circuit available in emer- 
gencies for load dispatching purposes as outlined above. 

(c) Patrol Stations. Another important communi- 
cation service is that provided for the use of patrolmen. 
Regular telephoneservice by means of telephonestations 
connected to the nearest central office of the telephone 
company offered opportunity for patrol service over 
the regular toll lines of the telephone system. With 
the increased speed of service now provided over these 
lines dependable and rapid connections can be obtained. 
This method has the advantage over a single patrol 
circuit, in that in case of failure of one toll line, alternate 
routes are available. If the number of patrol stations 
is small and the calls infrequent, this service is also less 
expensive. 

This method was adopted for the Conowingo system 
and four patrol stations have been established between 
Conowingo and Plymouth Meeting, each with the 
telephone located in a building owned by the Power 
Company and located on its right-of-way. 

(d) Special Protection. Preliminary computations 
indicated that at time of fault on the 220-kv. trans- 
mission line, ground currents of considerable magnitude 
would flow through the station ground connection, 
and even if the impedance of the ground connection 
were as low as a fraction of an ohm, there would be a 
considerable rise in ground potential in the neighbor- 
hood of the dam. 
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A rise in ground potential at the dam with reference 
to the ground at the other terminals of the circuits 
connected to the private branch exchange might operate 
the telephone protectors and result in interruptions to 
telephone service at times when it was most needed. 
These potentials would also be effective between the 
telephone circuits and ground in any location outside 
the area affected by the power system ground. 

Since all metallic structures in the power house are 
thoroughly bonded to the same ground; no potential 
wil exist between telephone equipment and other 
metallie structures in the power house unless the tele- 
phone be connected metallically to a circuit extending 
outside the area within which a considerable difference 
in ground potential is caused by the fault. 

Due to the extensive grounding system, consisting of 
ground plates, water pipes, the steel reinforcement of 
the dam itself, and numerous other metallie structures 
in the power plant, the most practical method of 
avoiding interruptions to service coincident with failures 
on the power line seemed to be, in this case, to isolate 
the portions of the long circuits within the area in 
which potentials considerably different from outside 
points might be expected. 

Tests were made jointly by the power and telephone 
interests to determine the impedance of the power 
system ground connection and the extent of the area 
which might be at potentials substantially different 
from those at distant points. "These tests were made by 
feeding current through a ground established at some 
distance from the power station back to the power sta- 
tion ground and measuring the difference in potential 
between the power station ground and the telephone 
central office grounds at Darlington and Belair, Mary- 
land, as well as at intermediate points. "These tests 
indicated that the impedance of the power system 
ground wasat that time between 4/10 and 5/10 of anohm 
and that the potentials of points along the west bank of 
the river and in the Stone and Webster company's con- 
struction camp close to the dam varied only about three 
per cent from the potentials impressed on the power sta- 
tion ground. It was also found that the potential 
of the water system in the power company's village 
about 3000 ft. from the dam was only about 6 per 
cent lower than the potential at the dam and that 
the potential at points in the village about 100 ft. 
away from the nearest water pipes was only about 15 
per cent different from the potential at the power 
plant. Further measurements indicated that the earth 
potential gradient along the telephone line toward 
Darlington central office was quite gradual and a slight 
rise in potential was noted even at the Darlington 
central office, more than two miles from the dam. 

A point about a mile away from the dam at the edge of 
the power company’s property where the circuits to 
the private branch exchange leave the telephone com- 
pany’s line was selected as the most practicable location 
for insulating transformers to be used in isolating the 


Oct. 1928 


telephone plant in the area within which substantial 
rise in ground potential might be expected. The 
measurements indicated that about 65 per cent of the 
total drop in potential occurred between this point and 
the power station ground. 

Western Electric Company’s No. 50-A repeating 
coils, insulated between windings for 25,000 volts, have 
been installed at this point, with lightning arresters 
on both sides of these coils. The breakdown voltage 
of these arresters is such that they will not be operated 
by any rises which it is expected may occur in the 
potential of the power station ground. 

CONCLUSION 

As indicated above, the proper functioning of a power 

plant and distribution system depends to a considerable 
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extent upon the provision of an adequate communica- 
tion system by means of which the operating forces 
can promptly and easily communicate with each other. 
. In many cases the provision of such a communication 
system requires the solution of numerous special prob- 
lems and these are illustrated in this paper by the special 
problems involved in the design of the communication 
system of the Conowingo project. i 

Cooperative consideration by power and telephone 
engineers of all the available means of communication 
at an early stage in planning the project, and the 
adoption of the means most suitable in the specific 
case should result in the provision of a communication 
plant of the greatest effectiveness in the operation of the 
power system. 


Electric ‘Transportation 
ANNUAL REPORT OF COMMITTEE ON TRANSPORTATION* 


To the Board of Directors: 

The application of electricity to transportation pro- 
ceeded during 1927 at a healthy rate, and new develop- 
ments in apparatus and equipment continued, several 
interesting applieations being introduced during the 
year. 

STEAM RAILROAD ELECTRIFICATION 


Although no new electrification projects of major 
importance were completed during the year of 1927, 
two extensions were opened which had as their particu- 
lar aim the further simplification of electric operation 
already existing, viz., the Bay Ridge extension of the 
Long Island Railroad permits electrically-operated 
freight trains from the New York, New Haven & 
Hartford Railroad to pass over the Hell Gate Bridge 
Route to the tidewater freight terminal at Bay Ridge, 
Long Island; the Chicago, Milwaukee, St. Paul & 
Pacifie Railroad has electrified its passenger terminal 
in Seattle, Washington, together with its line from 
Black River Junction over which trains had previously 
been handled by steam power. 

Of the incompleted projects: the Pennsylvania Rail- 
road will place in service shortly its suburban electrifi- 
cation from Broad Street Station, Philadelphia, to Wil- 
mington, Del. and West Chester, Pa. The Great Northern 
Railway is proceeding with the extension of electric 
operation from Cascade Tunnel to Wenatchee, Wash- 
ington. The New York Central Railroad is electrifying 
its west side freight yards in New York City. The 
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New York, Westchester & Boston Railway is continuing 
its line to Port Chester, N. Y. The Detroit, Toledo & 
Ironton Railroad is working on the extension of its 
existing electrification from Flat Rock on to Petersburg, 
Mich. 

The principal new project getting under way at the 
present time is the electrification of the suburban lines 
of the Reading Company around Philadelphia, Pa. 
It has been announced also that the Boston, Revere 
Beach & Lynn Railroad is planning to electrify its line. 

Of electrifications placed in service during the year of 
1926, one of the most interesting, the Chicago Terminal 
electrification of the Illinois Central Railroad, reports a 
marked increase in traffic and revenue for the first year 
of operation.! 

Long Island Railroad. The Bay Ridge extension 
of the Long Island Railroad has been electrified with the 
11,000 volt overhead catenary, single-phase, 25-cycle 
system for freight operation. This line joins the Bay 
Ridge freight terminal of the Long Island Railroad with 
the New York Connecting Railroad’s Hell Gate Bridge 
Route to the New York, New Haven and Hartford 
Railroad at Port Morris, N. Y. The route is 20 miles in 
length. | 

Power is transmitted over a 22,000-volt, three-wire 
system with 11,000 volts between trolley and ground, 
and is received from the New Haven Railroad distribu- 
tion system; in emergency it can be obtained from one 
5000-kw. variable ratio frequency changer at the Long 
Island's East New York substation. ‘This frequency 
changer is normally used as a synchronous condenser 
for power factor correction. No. 4/0 copper feeder 
wires are connected to the trolleys through auto- 

1. First Year of Electric Operation in Chicago, by W. M. 
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transformers at six balancer substations, four of which 
are on the Long Island and two on the New York 
Connecting Railroad. 


The catenary system is non-ferrous with a single 4/0 
bronze contact wire, copper auxiliary wire and high- 
strength bronze messenger wire. Inclined catenary is 
used in general on curves. The supports consist largely 
of rolled structural “H” beams. Rails are bonded 
with two No. 1 copper, 37-strand flame-welded bonds 
per joint. 

The seven double-unit, gear-drive locomotives built 
for switching service have a wheel arrangement of 
0-6-0 + 0-6-0, and weigh 158 tons each. The six 
motors on each complete locomotive are rated at 235 
volts and operate with forced ventilation. The 
maximum starting tractive effort is 100,000 lb. and can 
be obtained up to 712 mi. per hour. The maximum 
operating speed is 25 mi. per hour. "Through traffic is 
handled by New Haven locomotives. 


In addition to the Bay Ridge a-c. electrification, the 
Long Island Railroad is adding to its d-c. operation to 
the extent of 75 mi. of freight tracks and sidings, which 
will allow electric operation of all freight service within 
the electrified portion of the railroad. The work is 50 
per cent completed and is to be completed by October 
lst, 1928. A special “T” section third-rail of high 
conductivity is being used for all sidings and yard 
tracks. 

Chicago, Milwaukee, St. Paul & Pacific Railroad. 
The western terminal of the Chicago, Milwaukee, 
St. Paul & Pacific are Seattle and Tacoma, Washington. 
Electric service ran into Tacoma, and service to Seattle 
had been handled by steam from Black River Junction. 
During the year of 1927, the line, 10 mi. of double track 
from the junction into Seattle, was electrified. Power 
is furnished from the earlier electrification through the 
overhead distribution system, and no new substations 
were constructed. This electrification is 3000-volt, 


d-c., with an overhead catenary system having a double 


contact wire. 


Pennsylvania Railroad. The Pennsylvania Railroad 
is completing the electrification of its suburban service 
from Philadelphia, Pa., to Wilmington, Del., on its main 
line to Washington, and to West Chester, Pa., on the 
Wawa Branch. This project was outlined in last 
year’s report. Overhead catenary is used, energized 
with 11,000-volt, 25-cycle, single-phase current. 

Great Northern Railway. The project of the Great 
Northern Railway to electrify its line between 
Wenatchee and Skykomish, Wash., is proceeding 
rapidly. Grade and curvature realinements are being 
made, and the new Cascade Tunnel from Berne to 
Scenic, (7.79 mi. long) is more than 65 per cent com- 
pleted. Electric operation, which now extends from 
Skykomish through the old Cascade Tunnel, is to be 
extended through the new tunnel and on to Wenatchee 
before the end of 1928. The project will operate on 
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11,000-volt, single-phase, 25-cycle power, using motor 
generator locomotives with d-c. traction motors. 

Orders have been placed for locomotives similar to 
those which are now in operation; that is, two additional 
type 2-6 + 6-2 and two additional type 2-8-2 + 2-8-2 
locomotives, having continuous ratings of 3000 hp. and 
3660 hp. respectively. 

New York Central Railroad. The New York Central 
Railroad is proceeding with the electrification of its 
west side yards in New York City. The overhead trol- 
ley system at 600 volts d-c. is to be used as far down 
town as 60th Street. Below this the motive power will 
be self-contained power units. 

New York, Westchester & Boston Railway. The 
New York, Westchester & Boston Railway is completing 
the extension of its Port Chester, N. Y., line as far as 
Rye, N. Y. Multiple unit suburban service is operated 
on 11,000-volt, 25-cycle, single-phase power. 

Detroit, Toledo & Ironton Railway. The Detroit, 
Toledo & Ironton Railway is proceeding with the 
electrification of 26 mi. of line from Flat Rock to Peters- 
burg, Mich. This will be an extension of the existing 
11,000-volt, 25-cycle, single-phase electrified line de 
scribed in last year’s report, which runs from Fordson 
to Flat Rock, Mich. 

Reading Company. The Reading Company is plan- 
ning extensive improvements in its Philadelphia 
facilities, and expects to electrify 85 mi. of track with a 
11,000-volt, 25-cycle, single-phase system. 

Power will be furnished to this electrification over 
22,000-volt feeders by a three-wire system with 11,000 
volts between the overhead catenary and ground. 
The eventual program calls for transmission between 
substations at 66,000 volts. 

The initial project comprises multiple unit service 
from the Reading Terminal in Philadelphia to Chestnut 
Hill, to Lansdale on the Bethlehem Branch and to 
Hatboro. 

Boston, Revere Beach & Lynn Railroad. The Boston, 
Revere Beach & Lynn Railroad, a narrow gage line 
running out of Boston, Mass., plans to electrify a route 
of 15 mi. It is proposed to use a 600-volt overhead 
catenary system for multiple unit operation. 


CITY AND SUBURBAN RAILWAYS 


On electric street railways increased acceleration 1s 
being obtained by the use of light weight cars and more 
powerful motors with the latest design of control, thus 
tending to relieve congestion on city streets. 

Trial installations of the new type of drive mentioned 
in last year'sreport have been put in service in a number 
of instances. This is the automotive type propeller- 
shaft drive by which unsprung weight is greatly reduced, 
with a corresponding reduction in noise and main- 
tenance. Improved installations have been made in 
reduction gear drive with entirely spring-suspended 
motors having a flexible driving joint. 


Oct. 1928 


MARINE PROPULSION 


The largest turbine-electric passenger ship, California, 
was launched October 1st, 1927. The displacement is 
30,250 tons. Power is supplied to the propellers by two 
synchronous induction type motors each with a maxi- 
mum continuous rating of 8500 ship hp. at 120 rev. per 
min. 


The installation of Diesel-electric drive has been 
extended during the year to include three new light- 
ships for the Department of Commerce as well as coast 
guard cutters, large double-ended ferry boats, a packet 
boat, and cargo boats. 


Bus TRANSPORTATION 


Gas-electric drive for motor buses and motor coaches 
is increasingly popular. Experiments have been made 
on electric transmission for taxicabs. 


RECENT DEVELOPMENTS 


Diesel Electric Locomotives. The past year brought 
forth a novel arrangement of the Diesel engine prime 
mover with electric drive: 


In electrification of its west side yards in New York 
City the New York Central Railroad has decided to use 
an overhead contact wire within the city limits only as 
far down town as 60th Street. Below this point it is 
desirable to employ a self-propelled unit. The loco- 
motive chosen for this service, therefore, operates on 
third rail or trolley at 600 volts d-c., or can be propelled 
by power from a self-contained 300-hp. Diesel engine- 
driven generator, augmented for peak requirements by 
a storage battery. When load requirement is for less 
than 300 hp. the current from this battery is replaced 
by the generator. 


Gasoline-Electric Rail Cars. During the year of 
1927, approximately 150 gasoline-electric motor rail 
cars were ordered by the railroads of the United States. 
One 300 hp. oil-electric car was placed in service. 


Trolley-Storage Battery Locomotive. Two electric 
locomotives furnished with power from a storage 
battery and also from an overhead trolley wire are in 
service for yard switching service on the Chicago, 
North Shore & Milwaukee Railroad. When the 
locomotive is receiving current from the trolley the 
battery is charged by a motor-generator set. 


High-Speed A-c. Circuit Breakers. Although oil 
circuit breakers with rapid operating characteristics 
have been available for several years in a-c. switching, 
one of the most interesting developments of the past 
year has been the construction of an air circuit breaker 
for operating on 11,000-volt a-c. circuits and having 
speed characteristics similar to direct current installa- 
tions. This type, as well as oil circuit breakers operat- 
ing on the same principle, is to be used by the Pennsyl- 
vania Railroad on its extension of electrified suburban 
service around Philadelphia. 
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Overhead Catenary. The construction of overhead 
catenary on the Great Northern Railway electrification 
from Skykomish to Wenatchee, Wash., isan application 
of the formula proposed by O. M. Jorstad? for inclined 
catenary. | 

Supervisory Control. All four transformer substa- 
tions on the Philadelphia to West Chester electrification 
of the Pennsylvania Railroad are to be controlled from 
the Wawa signal tower by supervisory control. 'The 
synchronous visual type is being installed. 


Another interesting installation of supervisory control 
is the West Hempstead substation of the Long Island 
Railroad, now under construction, at which three 
1000-kw. mercury arc rectifers are controlled from 
Mineola substation two miles away. The rectifiers 
ean be started by the supervisory system in approxi- 
mately 20 sec. 


Train Communication. Radio communication be- 
tween locomotive and caboose and between train and 
station has been the subject of considerable experiment. 
An installation of this type is in service on the New 
York Central Railroad. 

Mercury Arc Rectifiers. The use of the mercury arc 
rectifiers in electric railway substations is still limited 
to a few installations. A summary of the operating 
experience of one railroad with this equipment is 
contained in a paper entitled Operation and Performance 
of Mercury Arc Rectifiers on the Chicago, North Shore & 
Milwaukee Railroad Company. This paper was pre- 
sented by Caesar Antoniono at the Regional Meeting? 
in Chicago, Ill., November 28-30, 1927. 


TECHNICAL PAPERS 


The committee has obtained for presentation at the 
1928 Summer Convention a group of interesting papers. 
They are as follows: 


High-Speed Circuit Breakers, by J. W. McNairy, 
General Electric Company. 

The High-Speed Circuit Breaker in Service on the 
Illinois Central Railroad, by W. P. Monroe and R. M. 
Allen, Illinois Central Railroad. 

Arrangement of Feeders and Equipment for Electrified 
Railways, by R. B. Morton, Gibbs & Hill, New York, 
N. Y. 


Operating Experience with High-Speed Oil. Circuit 
Breakers, by B. F. Bardo, New York, New Haven & 
Hartford Railroad. 

High-Speed Circuit Breakers for Railway Electrification 
Work, by H. M. Wilcox, Westinghouse Elec. & Mfg. Co. 

Protection of Electric Locomotives and Cars to Operate 
with High-Speed Circuit Breakers, by E. H. Brown, 


Pennsylvania Railroad Co. 


2. Standardized Catenary Design, by O. M. Jorstad, A. I. E. E. 
Trans., Vol. 46, 1927, p. 1125. 


3. A.I. E. E. QUARTERLY TRANS., Vol. 47, 1928, No. 1, p. 228. 
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APPLICATION OF LARGE FREQUENCY CONVERTERS 
TO POWER SYSTEMS 


N selecting a frequency converter, there are many 
things which should receive special study and 
consideration in order that the equipment obtained 

will meet the necessary requirements in the best possible 
way. 
TYPES OF FREQUENCY CONVERTERS 

The following types of frequency converters will be 
considered: 

1. Synchronous-synchronous type, consisting of 
a synchronous motor direct-connected to a synchronous 
generator. 

2. Induction-synchronous type, consisting of an 
ordinary induction motor direct-connected to a syn- 
chronous generator. 

9. Adjustable-ratio induction-synchronous type, 
consisting of a wound rotor induction motor direct- 
connected to a synchronous generator, the induction 
motor having suitable control equipment to give a 
variable frequency ratio between the two systems to be 
connected together. 

4. Fixed-ratio induction-synchronous type, con- 
sisting of an induction frequency converter direct- 
connected to a synchronous generator. The rotor of 
the induction motor is connected electrically to the 
stator of the synchronous unit, thereby allowing 
electrical, as well as mechanical, transfer of power 
through the set. 


SYNCHRONOUS-SYNCHRONOUS TYPE 


In the past, the majority of frequency-converter 
sets used have been of the synchronous-synchronous 
type because such sets are adaptable to simplicity of 
design and operation and may have low costs, high 
efficiency, and ability to correct power factor. 


The power factor of either machine of the set may be 
conveniently adjusted by field control. 


The load transferred through this type of set must be 
controlled by governor adjustments on the prime 
movers of either or both interconnected systems. 
Usually, this introduces no great hardship in operation. 


Fluctuation in frequency on either or both systems 
causes load variation on the set, and if the fluctuations 


1. Central Station Engg. Dept., 
Schenectady, N. Y. 

Presented at the Regional Meeting of Northeastern District, No. 
1, of the A. I. E. E., New Haven, Conn., May 9-12, 1928. 
Complete copies upon request. 


General Electric Co., 


in frequencies are sufficiently severe, the set will pull 
out of step. 

Fig. 1 shows a 20,000-kw. 300-rev. per min. synchro- 
nous-synchronous frequency converter recently placed 
in operation. The 60-cycle machine is rated three- 
phase 11,000 volts unity power factor and the 25-cycle 
machine is rated single-phase 11,000 volts unity power 
factor. The tested over-all efficiency of the set is 
96.26 per cent. 


INDUCTION-SYNCHRONOUS TYPE 


Sets of the induction-synchronous type consist of an 
induction motor driving a synchronous generator. 
The frequency ratio varies slightly with load on the 
set, due to the slip of the induction motor. The 
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Fic. 1—20,000-Kw., 300 Rev. PER Min. SYNCHRONOUS-SYN- 
CHRONOUS FREQUENCY CONVERTER 


straight induction motor, of course, in itself lacks the 
ability to correct power factor. 


ADJUSTABLE-RATIO INDUCTION-SYNCHRONOUS TYPE 


By means of frequency-converter sets of this type, 
flexible frequency ties are formed between the systems 
connected with each other. The two main units consist 
of a synchronous machine direct-connected to a wound- 
rotor type induction machine. 

The outstanding features of this type of set are as 
follows: ; 

1. Theratio of the two system frequencies may vary. 

2. Direction and amount of load transferred through 
the set may be controlled at the set itself. 


3. The speed of the set may be controlled for syn- 
chronizing purposes. 


4. The capacity of the set is determined only by the 
amount of power to be transferred through the set, as 
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it is not necessary to furnish synchronizing power to 
hold the two systems together. 

5. Leading current for power-factor correction 
may be furnished by the set to either system. 

6. System disturbances will not pull the set out of 
step as easily as a set of the synchronous-synchronous 
type. 

Operation is based upon the fundamental principle 


Fic. 2—6000-Kw. ApDJUSTABLE-RaTIo INDUCTION-SYNCHRON- 
ous FREQUENCY CONVERTER 


Regulating set is shown in foreground—Installation is in Rochester 
substation 


that the speed of an induction motor may be controlled 
by controlling its secondary voltage.? 
A regulating machine inserts a voltage of slip fre- 
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quency in the rotor circuit of the induction unit. When 
this regulating machine operates as a motor, power is 
taken from the induction motor rotor, just as would be 


2. Theory of Speed and Power Factor Control of Large Induction 
Motors by Neutralized Polyphase A-c. Commutator Machines, by 
J. I. Hull, A. I. E. E. Trans., 1920, Vol. 39, p. 1135. 

*"'Three-phase Speed Regulating Sets with Separate Excita- 
tion,” E. T. Z., 47, p. 989, Aug. 26, 1926. 
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the case if a resistor were used, but with lessloss. When 
the regulating machine operates as a generator, it 
corresponds to a negative resistance placed in the 
induction motor rotor circuit, furnishing power to the 
induction motor rotor, and giving speed control above 
synchronism. 

Seven adjustable ratio frequency converters of the 
Scherbius-controlled type are now in operation. Five 
of these sets are rated 6000 kw., and two are rated 
5000 kw. 

A wiring diagram of the Rochester 6000-kw. Scher- 


Fic. 4—A-c. Exciter ror A 6000-Kw. ADbDJUSTABLE-RATIO 
FREQUENCY CONVERTER 


bius-controlled, adjustable-ratio frequency converter 
set, is shown in Fig. 3. 
REGULATING MACHINE 


The requirement of the regulating machine is to 
supply a voltage to the collector rings of the main 
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Fic. 5—OPERATING CHARACTERISTICS OF A 6000-Kw. ADJUST- 
ABLE-RATIO FREQUENCY CONVERTER 


induction unit, this voltage being at slip frequency and 
having a magnitude and phase angle controllable by 
the operator. 

The regulating machine has the characteristic that 
whatever frequency is used in its excitation, voltage of 
that same frequency will appear at the armature 
terminals. This required excitation is obtained from 
the a-c. exciter mounted on the shaft of the main set, 
as shown in Fig. 3. 


A-C. EXCITER 
Fig. 4 shows a close-up view of the a-c. exciter. 
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The rotor of this unit has both collector rings and a 
commutator, and is similar in construction to the rotor 
of a rotary converter. The a-c. exciter is really a 
frequency-changing exciter, as it receives power at 
line frequency and converts, it into slip frequency. 


CONTROL OF REGULATING MACHINE VOLTAGE 
The load field of the regulating machine is connected 


Fic. 6— AUTOMATIC CoNTROL PANEL FOR A 6000-K w. ADJUST- 
ABLE-RATIO FREQUENCY CONVERTER 


to two sets of brushes on the a-c. exciter commutator, as 
shown in Fig. 3. By shifting these two sets of brushes 
in opposite directions, the brushes are permitted to 
span a greater or less number of commutator bars, 
thereby furnishing the means of obtaining variable 
voltage for exciting the load field of the regulating 
machine. This brush-shifting mechanism is motor- 
operated, so the brushes may be shifted either auto- 
matically, or by the operator. 

Power factor correction is furnished by the main 
induction machine supplying a quadrature component 
of voltage in its secondary circuit. This quadrature 
component is obtained from the armature of the 
regulating machine by exciting its power factor 
field from a third set of brushes located on the commuta- 
tor of the a-c. exciter. See Fig. 3. 

By use of a series or so-called ‘‘bulging transformer,” 
as shown in Fig. 3, automatic power-factor correction 
is obtained to compensate for the change in wattless 
kilovolt amperes that would ordinarily occur on the 
induction machine with change in load. 


OPERATING CHARACTERISTICS 


Fig. 5 shows the output of the regulating machine for 
different combinations of slip on the induction machine 
and unity power-factor load on the main induction 
unit. 

When the regulating machine is operating as a motor, 
the secondary power that would be lost in the resistor 
method is transferred through the regulating set back 
into the line. When the regulating machine is operat- 
ing as a generator, power is taken from the machine 
lines and transferred through the regulating set to the 
rotor of the induction machine. 


LOAD CONTROL 


Load on the 6000-kw. adjustable-ratio frequency 
converter described may be held either by hand or auto- 
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matically. The control switch is connected to the small 
motor which shifts the brushes on the a-c. exciter 
commutator. For automatic load control, a load relay 
is provided which may be set to hold any load desired 
within the operating range. 


STARTING 


Control equipment is furnished which permits auto- 
matic starting of the set from the 25-cycle end. The 
operator starts the sequence of operation by merely 
pulling a control switch located on the switchboard. 
Fig. 6 shows the starting panel. 


PROTECTIVE FEATURES 


Protective features are provided against a-c. under- 
voltage, over-speed, over-load, and excessive bearing 
temperature, and insure that the a-c. exciter commu- 
tator brushes are in the neutral position before starting. 

The other 6000-kw. frequency-converter sets are 
very similar to the Rochester 6000-kw. set which has 
been described in considerable detail. Some have 
increased frequency range, and provision for increased 
power-factor correction in the 25-cycle equipment. 

The Devon 5000-kw. sets are different in several 
details from the 6000-kw. sets described. In this case, 
the regulating machine is connected to the shaft of the 
main set, which makes an economical arrangement. 
Furthermore, on this unit provision is made for auto- 
matic power-factor control, as well as automatic load 
control, so the bulging transformers were omitted. 
Further simplification was made in the Devon sets by 
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Fic. 7—DiAGRAM "or* CoNNECTIONS FOR 35,000-Kw. FIXED- 
Ratio INDUCTION-SYNCHRONOUS FREQUENCY CONVERTER 


omitting the third set of stationary brushes on the com- 
mutator of the a-c. exciter, and exciting the power factor 
field of the regulating machine from one of the sets of 
movable brushes. Also, in this case, no resistor was 
furnished in the primary circuit of the main induction 
machine, because of the lower induced secondary 
voltage in this unit. 


FIXED RATIO INDUCTION-SYNCHRONOUS TYPE 
A paper? has been written which covers in much 


3. A 35,000-Kw. Induction Freqency Converter, by O. E. 
Shirley, A. I. E. E. Trans., 1924, Vol. XLIII, p. 1011. 
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detail the design, theory, and operation of the fixed- 
ratio induction-synchronous type of set. : 

Fig. 7 shows a diagram of connections for a 35,000- 
kw. set, which consists of an induction and a syn- 
chronous machine. _ 

A portion of the power transfer is made through the 
shaft of the unit in the ordinary way and the remainder 
of the power transfer is made electromagnetically 
through the induction machine by connecting its 
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System tied to 60-cycle system by two 6000-kw. adjustable-ratio in- 
duction-synchronous frequency changers. Chart shows load on one set. 
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stator to the 60-cycle system, and its rotor to the 25- 
cycle system. 

Full load may be transferred through the set in 
either direction with unity power factor input. The 
magnetizing current of the induction machine is 
supplied through its rotor from the synchronous 
machine, which is designed to furnish the necessary 
reactive kv-a. for this purpose. 

The induction-synchronous type of set has a rather 
limited field of application, being used principally to 
furnish power to small loads where the frequency re- 
quired is different from the frequency of supply. 

The fixed-ratio induction-synchronous type of fre- 
quency converter has a limited field of application also, 
its principal use being in large cities where synchronous 
converters supplied with a-c. power of two different 
frequencies are to be tied together on the d-c. side. 
With this type of set, the two a-c. systems are tied 
together through the same magnetic field; therefore 
the tie functions practically as a cable tie. 

Operating experience shows that in the majority of 
cases interconnected systems may be so operated that 
systems of different frequencies may be connected 
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together by synchronous-synchronous frequency con- 
verters with no great inconvenience. The adjustable- 
ratio frequency converters have the advantage that 
they may ride through system disturbances with less 
need of disconnecting the two systems. 

There are particular applications in which the 
cost of an adjustable ratio frequency converter may 
be warranted. Frequency converters of this type are 
well adapted to connect large central station power 
systems to industrial or railway systems where the 
industrial load or railway load may cause considerable 
frequency fluctuations. Another application would 
cover cases where the extra cost of the adjustable 
frequency ratio type will be warranted from the stand- 
point of being able to control the load at the set itself 
without need of making adjustments on prime mover 
governors. 

CHART RECORDS 


Chart records given in Figs. 8 and 9 show how well 
frequency converter sets of the adjustable ratio type 
operate during system disturbances. The charts in 
question were taken at Rochester in connection with the 
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System tied to 60-cycle system by two 6000-kw. adjustable-ratio in- 
duction-synchronous frequency changers. Chart shows load on one set 
6000-kw. adjustable-ratio frequency converter sets 
previously described. 

In each case the system disturbance was caused by a 
short circuit on the 25-cycle system. 

The disturbance recorded in Fig. 9 was much more 
severe than the disturbance recorded in Fig. 8. 

The fact that the adjustable ratio frequency con- 
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verters rode through these disturbances as well as they 
did, speaks very well for their operation. It is very 
probable that a synchronous-synchronous set would 
have dropped out of step during the disturbances 
shown. 


LEILICH, FOLLMER AND DANNETELL 
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The author wishes to express his appreciation for the 
cooperation given by E. K. Huntington of the Rochester 
Gas & Electric Co. regarding the chart records de 
scribed, and to acknowledge the general assistance given 
by Messrs. J. I. Hull, P. W. Robinson, and O. E. Shirley. 


Abridgment of 


Design Studies for Gould Street Generating 
Station 


BY F. T. LEILICH', 


Member, A. I. E. E. 


Synopsis.— Developments in the central station art have been so 
rapid within the last few years that many of the recent outstanding 
stations differ considerably in the major elements of design. 


HIS paper covers briefly the various studies and 
investigations upon which the Gould Street station 
design was based. Load studies clearly showed the 

need of additional 621% cycle generating capacity in 
1927. Asa result, a single-unit station, of approximately 
35,000 kw., was authorized. The major features to be 
settled before equipment specifications could be pre- 
pared and detail design work started were: Steam 
pressure and temperature; number and size of steam 
generators; type of firing—stokers or pulverized fuel; 
heat cycle or working heat balance; the most economic 
design of condenser; auxiliary drive—electric or steam. 


STEAM PRESSURE AND TEMPERATURE 


The general trend of pressure and temperature was 
upward, as shown by Fig. 1, which was plotted from 
the specifications of 85 stations. Operating records of 
other plants were studied and most of the new stations 
visited, and the design and operating problems dis- 
cussed with the engineers. Essentially, the problem 
was to select a pressure and temperature that would 
result in maximum reliability and minimum total costs. 

Operating experiences with pressures up to 400 lb. 
and total steam temperatures up to 725 deg. fahr. were 
sufficiently extensive to show clearly that from the 
standpoint of reliability and operating difficulties these 
limits could be adopted for a conservative design. To 
obtain concrete figures showing the effect of pressure on 
costs and economy, detailed estimates based on a 40 
per cent capacity factor, of a 250-lb.—700-deg. fahr., 
and a 400-lb.—700-deg. fahr. station were made. It is 
interesting to note that the estimated cost per kw. of 
the 250-lb. station was 4 per cent greater than for the 


1. With the Consolidated Gas, Electrice Light & Power Co., 
Baltimore, Md. 
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and 


In the following are briefly outlined high points of the analyses 
upon which the principal features of the Gould Street station de- 
sign were based. 


higher pressure, and the over-all economy of the 
400-lb. installation was six and one-half per cent better. 
Studies of relative costs of 600- and 700-deg. fahr. 
equipment showed that the improved economy of the 
higher temperature would justify the slightly increased 
cost of superheaters and added thickness of high 
temperature insulation. 

A maximum drum pressure of 450 lb., with 725 deg. 
fahr. temperature at the superheater outlet was selected. 


DATE OF INITIAL OPERATION 


Fig. 1—Trenp or BoiLER Drum PRESSURE IN POWER PLANTS 
This corresponds to 390 lb., 700 deg. fahr. at the 
turbine throttle. This temperature and pressure was 
selected after numerous conferences with the engineers 
of the various manufacturers and at the same time the 
possibilities of extension, using 1200 to 1500 lb. at the 
throttle of high-pressure turbines, exhausting at ap- 
proximately 400 lb., into existing mains, were not 
overlooked. 


NUMBER AND SIZE OF STEAM GENERATORS 


The boiler specifications called for working pressure 
in the drum of 425-lb. gage and total heating surface 
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of 26,500 sq. ft. The contract as awarded specified 
operation up to 520,000 lb. of steam per hr., which cor- 
responds to approximately 550 per cent of rating, based 
on the total boiler and furnace heating surface. The 
trend of fixed and operating cost records of representa- 
tive stations showed fixed costs as an increasing per- 
centage of total costs and it was obvious that operating 
and kilowatt investment costs would be reduced if a 
small number of large steam generating units designed 
to operate efficiently over wide ranges of rating could 
be used. 

Load and operating conditions indicated that the 
turbo generator units should have capacities of from 
30,000 to: 40,000 kw. each. The ultimate capacity of 
the station was tentatively set at four units, or approxi- 
mately 140,000 kw. Estimates of investment costs 
for both equipment and structure showed distinctly 
lower costs for a design based on one boiler per turbine. 
With the cross-drum type of boiler, which was pre- 
ferred by the engineers, additional heating surface 
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could be economically obtained by increasing the length - 


of the tubes and making the tube bank the maximum 
width consistent with drums having no girth seams. 


TYPE OF FIRING 


Many of the newer plants were using pulverized fuel, 
but it was not obvious that the advantages of this type 
of firing were such that it should be adopted without 
careful study. Proposals on stokers and pulverized 
fuel were obtained and economic set-ups, covering 
both fixed and operating costs, prepared. Although 
pulverized fuel investment costs were higher, when the 
merits of the two systems—tangible and intangible— 
were carefully considered it was finally decided to adopt 
the central system of pulverized fuel firing. 


HEAT CYCLE 


A primary consideration was the selection of a heat 
cycle that would result in the lowest total cost, when 
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both fixed and operating charges are included. Calcu- 
lations showed that four-stage bleeding and air preheat- 
ing would yield a greater return on investment than 
two or three bleeding stages combined with an econ- 
omizer and preheater with the further advantage of an 
approximate increase of 10 per cent capacity at only a 


slight drop in economy when operating under peak or 


emergency conditions with the two top-stage bleeders 
shut-off. The foregoing advantages and an economy 
increase of approximately 0.45 per cent by the use of 
four stages as compared to three led to the adoption 
of the four-stage bleeder cycle. 

Fig. 2 is a flow sheet showing the station heat balance 
for full load generation operating under 29 in. of 
vacuum. 

The normal course of the condensate leaving the hot 
well pumps is in order through the steam jet air pump 
inter-condenser, oil cooler, generator air cooler, tenth 
stage heater, after-condenser, eighth stage deaerating 
heater, boiler feed pump, evaporator condenser, fifth 
stage heater, and third stage heater to the boiler feed 
mains at a final temperature of 365 deg. fahr. By- 
passes are provided individually for the oil cooler and 
the generator air cooler bank, and as a group for the 
tenth stage heater and after-condenser, and again as a 
group for the evaporator condenser and top-stage 
heaters. Drips are cascaded from the top stage heaters 
to the evaporator condenser from which they are 
pumped into the condensate line leading to the eighth 
stage heater. Drips are cascaded also from the after- 
condenser to the tenth stage heater from which they 
are pumped into the condensate line leaving the tenth 
stage heater. 


Table II shows the calculated over-all B. t. u. per kw.- 


TABLE II 
. B. T. U. PER KW. HR.—NET STATION SEND-OUT 
Load 28-in. vac 28.5-in. vac. 29-in. vac. 
35,000 kw 15,562 15,291 15,138 
14,707 14,356 


16,313 


hr. net station send-out. This is based on one boiler 
per turbine, auxiliary power 6 per cent of gross genera- 
tion, over-all contingency factor 4 per cent, and throttle 
conditions 405 Ib. absolute, 700 deg. fahr. 

A turbine designed for non-bleeding operation was 
modified for bleeding conditions. By increasing the 
steam flow areas in the first stages, it was possible to 
admit sufficient steam for bleeding and still use the 
last stages as effectively in normal operation as for non- 
bleeding design. The non-bleeding machine was de- 
signed for 29-in. vacuum, but with the lower average 
vacuum of less than 29 in. expected at this installation, 
a greater quantity of steam is passed through to the 
condenser without increasing the leaving losses from the 
last stage and by reason of the power generated by 
this increased flow, together with that generated by 
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the additional steam admitted for withdrawal at 
the bleed points, the capacity of the turbine 1s increased. 
A change from eleventh stage bleed-point to tenth 
stage gave an increase of 0.25 per cent in station 
economy. 

CONDENSER 


The average injection water temperatures throughout 
the year and the heat rejected to the condenser under 
various loads and exhaust conditions were the bases for 
the selection of the economic amount of condenser sur- 
face. The method of analyzing turbine performance is 
described in the N. E. L. A. Prime Movers Committee 
Report on Turbines, December, 1926. The curves, 
(Fig. 4), show the relation between injection water and 
exhaust steam temperatures for different load conditions 
and different areas of condensing surface. From the 
load duration estimate, injection water temperatures, 
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and Fig. 4, the relative fuel economies of the different 
size condensers were determined. It was found that 
30,000 sq. ft. was about the maximum justifiable 
surface. This corresponds to 0.833 sq. ft. per kw. of 
generator capacity. 

It was essential that special effort be made to improve 
the purity of the condensate over that which ordinarily 
obtains in tide water plants, otherwise the continuous 
operation of the boilers at high ratings would be 
seriously hampered. The point of attack was the 
leakage at the packed joints of the tubes. Fixed 
tube sheets with tubes rolled in at both ends had been 
used in the Navy, and it appeared feasible to adapt 
the principle to power-plant service. In tests made 
with an 18-ft. tube set up with the slight upward bow 
of 1\%-in. at the center of its length between fixed 
plates, it was found that repeated reversals through it 
of water sufficiently hot and cold to give it the expan- 
sion between plates that would be encountered in ser- 
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vice, produced no change in the structure of the metal of 
the tube, and the joints in the tube sheets remained 
tight. The tube was restrained in its vertical motion 
by tube support plates. The shape of the expanded 
tube resembled a sine curve of about one and one-half 
cycles. The axial thrust of the tube against the sheets 
was as high as 425 lb., maximum, and at first it appeared 
that the staying of the sheets would be a difficult 
problem. The tube sheet layout shown in Fig. 5, 
in which all stay-bolts are omitted and tubes rolled 
at both ends into fixed sheets, was adopted. 

The manufacturer agreed to construct a condenser 
in accordance with this design with the provision, 
however, that the purchaser assume all responsibility 
for its success or failure. 


AUXILIARY DRIVE 


Electric drive was selected for the auxiliaries, 
of the factors influencing this decision were: 

1. Elimination of small high-pressure steam lines 
and exhaust lines. 

2. Easier control of the heat cycle, since the steam 
requirements of turbine driven auxiliaries are not 
necessarily a direct function of the generator output. 

3. Relatively high economy of shaft-driven genera- 
tors as compared to individual turbine drive. The 
steam per kw-hr. requirement for the auxiliary genera- 
tor is the same as that of the main unit. 

4. Flexibility and reliability of electric motors and 
their control. 

The general tendency in auxiliary drive is shown in 
Table III, in which 2300, 440, and 220 volts were the 
prevailing a-c., and 250 volts the prevailing d:c. poten- 
tials. Alternating current had been used in the 
greater number of installations and has the following 
advantages: 

1. Available up to a capacity far in excess of auxil- 
lary requirements, if transformers are used. 

2. Relatively low costs of motors and control for 
applications with small ranges of speed control. 

3. Absence of commutators (excepting brush shift- 
ing motors) and elimination of sparking, which is highly 
desirable in a pulverized fuel installation. 

The selection of the most economical secondary 
voltage required extensive. calculations and estimates 
in which were considered motor, control equipment 
and installation costs, for voltages of 2300 and 440 and 
speeds from 575 to 1750 rev. per min.; also space 
requirements and such intangibles as reliability, ease 
of inspection, etc. 

A voltage of 2300 showed a saving in copper for long 
runs, but was considered undesirable because of the 
impracticability of inspection of the control equipment 
under load. The higher voltage motors are standard 
only in the larger sizes, and their use necessitates a low- 
voltage supply for the motors below about 50 hp. 

From the standpoint of the motor cost alone the 
23,000-volt equipment was economically advantageous 
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TABLE 1II 


THE MAIN AUXILIARY CHARACTERISTICS OF CENTRAL 
GENERATING STATIONS 


Boller feed 

Year Auxiliary voltage pump drive pump drive 
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Norse: 


1. Since practically every station has electrically-driven auxiliaries and 
all use alternating current except for a very small portion of the axuiliaries, 
such as stokers, it was assumed that all auxiliaries are driven using alter- 
nating current. 

2. Incases where more than one voltage is used for the auxiliaries, it was 
assumed that the larger auxiliaries using the major portion of the auxiliary 
power, employed the higher voltage. 

3. The fans were almost without exception driven by motors. 

4. Boiler feed pumps listed under turbine and motor drive are usually 
motor-driven with turbine-driven stand-bys. 

5. The numbers under each heading indicate the number of stations 
in that class for the stated year of initial operation. 


only for the larger size motors. For the range of sizes 
to be used in this station, the 440-volt equipment was 
less expensive in practically every case. 

Estimates of the cost of distribution cable showed 
that the cost per ft. is about equal at 100 hp.; below this, 
the cost advantage was in favor of the 440- to 460-volt. 
Cable costs were based on 440-volt lead covered cable 
with 600 volt insulation, and 2300-volt lead covered 
cable with 4000-volt insulation. When motor, control, 
and cable costs were added to the value of the space 
requirements, the 2300-volt system proved to be more 
expensive than the 440-volt. The final selection was 
460 volts, three-phase, 621% cycles. 

For the auxiliary circuits it was desirable that oil 
breakers be eliminated and contactors or carbon 
breakers be used. It was obvious that the circuit-inter- 
rupting devices should be of sufficient capacity to handle 
short circuits, and in order to arrive at a basis upon 
which to prepare specifications, a number of tests was 
carried out. The problem was put up to the manufac- 
turers to furnish standard size contactors and circuit 
breakers rated up to 2000 amperes, which, under test, 
would handle repeated short circuits of not less than 
20,000 amperes at 440 volts, 25 cycles, as the tests were 
to be made on 25 cycles. The contactors tested would 
not handle these currents, as after one or two operations 
the contacts had a tendency to “freeze.” As a result 
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of these tests, several of the manufacturers made 


modifications to their equipment, after which the 


contactors stood as many as five shots with practically 
no damage. With slight modifications, several of the 
standard carbon breakers handled about 20,000 amperes 
quite successfully. One feature insisted upon was that 
the breakers be “‘non-closeable” on short circuit, or trip 
free and although the contactors handled the short 
circuits as well as the breakers, it was decided that the 
breakers were preferable, for the reason that in case of 
failure of the holding coils, the circuit breakers would 
not drop out. 

A control voltage of 250 volts, d-c., was used to 
eliminate the effects of a-c. disturbances on control 


Fig. 5—INLET Enp Tuse SHEet Layout ron 30,000-sq. FT. 
CONDENSER. (NoTE QUESTION Mark BAFFLE FoR GUIDING 
WATER FROM AIR CooLER TUBE SURFACE TO OvursipE RING 
or TUBES IN SECOND Pass 


apparatus and to insure quiet and more reliable opera- 
tion of the contactors. 

Auxiliaries were divided into two classes—essential, 
or those necessary for the uninterrupted operation of 
the turbine and boilers, and non-essential, or those such 
as pulverizing machinery—coal-handling plant and 
other equipment, a temporary shut-down of which 
would not interfere with the operation of the main unit 
and boilers. The essential auxiliaries are supplied 
with energy from the shaft-driven alternator, the non- 


essentials from a bank of three 1000-kv-a., O. I. S. C. 


transformers. The arrangement is such that in the 
event of failure of the shaft-driven alternator, the load 
is automatically transferred to the transformer bank. 
All auxiliaries are 460-volt,three-phase,62 14-cycle,except 
the turbine room crane and the pulverized fuel feeder 
motors. These are supplied from motor-generator 
sets, one running from the essential auxiliary bus, 
the other arranged to transfer the load automatically 
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onto the transformer bank bus in the event of failure of 

the first motor-generator set. . 
To reduce the voltage drop in the 460-volt bus, the 

copper in each phase was run in interleaved sections. 


COMBUSTION CONTROL 


A study of automatic combustion control was made, 
and calculations based on the guarantees and a study of 
performance in existing plants indicated that the 
increase in monthly efficiency would justify the cost. 
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On account of the wide range of speeds—8 to 1 on 
both forced and induced draft fans—double winding, 
six-phase, secondary slip-ring motors were specified. 
A large number of speed points were necessary, and 
special control equipment consisting of drums and a 
motor-operated transfer switch for changing from the 
high- to the low-speed connection on the motor were 
installed. An excessive number of contactors would 
have been required to give the number of speed points 
specified. Also the cost of the control equipment 
using drums was appreciably less than for contactors. 


Abridgment of 
220-Kv. Transmission Line for the Conowingo 


Development 
BY P. H. CHASE! 


Member, A. I. E. E. 


Synopsis.—Current from the Conowingo plant is carried fifty- 
eight miles to the Plymouth Meeting Substation of The Philadelphia 
Electric Company over two 220-kv. single-circutt steel-tower trans- 
mission lines. These lines are carried on a right-of-way which 
provides space for a third future line. The conductors are 795,000- 
cir. mil steel-reinforced aluminum. Each circuit is shielded by 
two 188,600-cir. mil aluminum  steel-reinforced ground wires. 
The insulator strings consist of 14 high-strength units in suspension 


OR the ultimate development, the 58-mi. trans- 
mission line to Philadelphia from the Conowingo 
hydroelectric plant on the Susquehanna River, 

will consist of three 220-kv. single-circuit tower lines, 
each circuit supported in horizontal configuration. 
For the initial development two of the tower lines have 
been constructed. 

The location of the Philadelphia terminus of these 
lines, the Plymouth Meeting Substation, approximately 
15 mi. northwest of the center of Philadelphia, was 
determined by a number of factors, among them the 
practicable transmission routes into the main 66-kv. 
transmission system of The Philadelphia Electric Com- 
pany, and the 220-kv. transmission line routes for inter- 
connection with Pennsylvania Power and Light Com- 
pany and Public Service Electric and Gas Company of 
New Jersey. 

The location of the right-of-way is shown in Fig. 1. 

After determination of the general location of the 
right-of-way by ground reconnaisance, an airplane map 
was made of a strip from 11% to 3 mi. wide, to a scale 
of 1000 ft. to the inch. The airplane maps were used 


1. Engineer, Transmission & Distribution Division, The 
Philadelphia Electric Company. 

Presented at the Baltimore Regional Meeting of A. I. E. E., 
Dist. 2, Baltimore, Md., April 17-20, 1928. Complete copies upon 


request. 
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position and 16 units in strain position. Conductors and ground 
wires are carried in a new type of slip clamp in order to decrease 
the unbalanced longitudinal stresses on the towers in the event of wire 
breakage. In general, foundations are of the earth grillage type. 
T he tower design includes a number of novel features, among them 
the use of combination extensions to flexibly meet the varying topo- 
graphical conditions, and the narrow waist immediately below the 
basket. 


as a basis for the final location of the line and the 
determination of property owners and their holdings, 
from which final options were prepared for negotiation 
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with owners of record. All these steps were taken prior 
to any negotiations or survey activities in the field. 
The right-of-way was secured on the principle of ease- 
ments, being preferable to purchase in “fee simple." 
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BASIS OF DESIGN 


The following types of towers were used on the line: 

Type A—Standard suspension tower, suitable for 
angles up to 114-deg., 1100-ft. span. 

Type B—Railroad crossing and angle tower, suitable 
for crossings, angles up to 6 deg., and tangent spans 
up to 2000 ft. "This type, with a special top extension, 
was used for transpositions. 

'Type C—Angle tower, suitable for angles from 6 to 15 
deg., and spans up to 1100 ft. 

Type D—To be used for angles 15 to 60 deg., dead 
ends, and tangent spans up to 2500 ft. 

In general, the line is designed to withstand a climatic 
loading of one-inch ice, but for unbalanced longitudinal 
load on the Type-A standard suspension tower, a ten- 
sion in the conductor was taken corresponding to a load 
of 1<-in. ice, it being obviously uneconomic tå design 
for more severe conditions. Therefore, in order to 


Fig. 2—C.LEARANCE D1aGRAM FOR Type-A TOWERS 


mfhimize the stresses to which the tangent towers 
might be subjected under extraordinary conditions, a 
clamp of the releasing type was developed, to limit the 
maximum unbalanced longitudinal load on the tower to 
approximately 10,000 lb. Heavier ice loading was 
given consideration in the design of all types of towers 
for certain check conditions. 


The design loads for the towers were calculated under 
the various assumed conditions of ice and wind for 
longitudinal, vertical and transverse loading. These 
figures were increased by safety factors, thus giving 
maximum loads which the structural work of the towers 
was designed to withstand. 


The Type-B tower was designed to meet the require- 
ments of General Order No. 18 of the Public Service 
Commission of Pennsylvania, which permitted its use 
for long tangent spans under non-crossing conditions. 

The clearance diagram for the Type-A standard 
suspension tower is shown in Fig. 2. The clearance 
diagram was based on an ultimate string of 16 units and 
an are control device having a probable transverse 
dimension of 24 in., and so located in the tower asto 
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result in a normal clearance of 8 ft., a first accidental 
clearance of 6 ft. and a second accidental clearance of 
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Fic. 3—TYPE-A SUSPENSION TOWER 


5 ft. The first accidental clearance was on the basis of 
an 8-lb. wind, and the second accidental clearance on a 
12-Ib. wind, both without ice. 


154 


The length of span, height of tower, strength class of 
insulators, and characteristics of conductor must all be 
considered as a group, in order to determine the most 
economical combination and still maintain the most 
reliable service conditions obtainable. The size of 
conductor was determined by the electric loading 
conditions. This resulted in a conductor of 795,000- 
cir. mil aluminum, steel-reinforced with a 40 per cent 
steel core, approximately 114-in. over-all diameter, 
which satisfied the corona requirements. 

The conductor diameter being thus determined and 
the ground clearance controlled by safety conditions, 
the over-all economics of tower height and span length 
were considered by studying various heights of towers, 
and for each height, increasing or decreasing the span 
to meet the catenary of the wire under consideration. 
The minimum ground clearance was 29 ft. 6 in. 


TOWERS AND FOUNDATIONS 


Fig. 3 shows the assembly of the Type-A suspension 
tower. It is designed for one three-phase 220-kv. 
circuit,—the conductors in a horizontal plane with a 
separation of 25 ft. 6 in. Two ground wires are carried 
approximately 16 ft. above the plane of the conductors 
and midway between them. The lower section of the 
tower is square, so that the batter of the legs is the same 
in any face, resulting in a pyramidal section up to a 
point about 20 ft. below the conductors, where the sides 
flare outward to provide the necessary clearance for 
the middle conductor. 

Particularly on account of the size of the base, which 
is about 35 feet square, horizontal members close to the 
ground line are undesirable. To avoid this, the lower 
section is composed of four legs, each of which is inde- 
pendent, and may be made of any suitable length for 
small extensions.and for uneven ground conditions. 
The standard legs are about 18 ft. in height, resulting in 
an 80-ft. tower, but special legs, both 5 ft. shorter and 
5 or 10 ft. longer, have been used. As the connections 
are standard, any of these legs may be used on any one 
of the four corners of the tower. 

For extensions greater than 10 ft., an additional 
section is inserted in the tower above thelegs. By the 
use of the 15- or 30-ft. body extensions, the height of the 
tower may be increased by 5-ft. intervals to 125 ft. 

Several new features of economic value are embodied 
in the tower. Maintaining the square horizontal 
section to as great a height as possible,—(to the waist 
line)—equalizes the distribution of the torque stresses 
in each of the four faces of the tower below the waist. 
The unbalanced horizontal shear at the foundation is 
reduced to a minimum by fixing the legs at an angle such 
that, if extended above the waist line, they would inter- 
sect at the center of gravity of theloads. The fact that 
the stresses are mainly in the tower legs permits very 
long equal or unequal leg extensions of the same size 
angle. 

For foundations, two designs were used; for normal 


CHASE: 220-KV. TRANSMISSION LINE FOR CONOWINGO DEVELOPMENT Journal A. I. E. E. 


line construction, a structural steel tripod anchor 
extending 7 ft. below ground; for special construction, 
a concrete foundation into which is placed an extension 
of the main leg angle. 
Type-A suspension tower are also shown in Fig. 3. 


These two anchors for the 
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CONDUCTORS AND GROUND WIRE 


" ^Considerable study was given to the characteristics 
of the steel-reinforced conductor, and the operating 
experience from all the major companies was carefully 
considered with special reference to eliminating troubles 
which have arisen in some cases from vibration of the 
conductor. Considerable investigation work has been 
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done, both by The Philadelphia Electric Company and 
the Aluminum Company of America in attempting to 
solve this problem. Investigation work indicated that 
when a metal is not under an appreciable initial strain 
it can withstand vibration practically indefinitely, but 
that its ability to withstand vibration decreases as the 
initial strain increases. This principle also applies to 
the aluminum strands of a cable. 

Further investigation work on the modulus of elas- 
ticity of the finished cables has shown that the modulus 
depends upon the maximum tension which the cable has 
withstood. This is due to the fact that as the cable is 
stretched under tension the aluminum strands first 
share the strain with the steel until they are stretched 
beyond their elastic limit, at which time they take a 
permanent elongation. As the strain on the cable is 
released, the steel core, due to its greater elasticity, be- 
gins to pick up the strain and relieve the aluminum 
strands. This indicates the advisability of pre- 
stretching the cable. This pre-stretching secures two 
advantages, the first of which is indicated above in 
obtaining the reduction of the stress in the aluminum 
strands, and the second is that it establishes the 
modulus of elasticity of the cable, so that its character- 
istics, and consequently the sag, will not vary when the 
cable is subjected to a heavy ice and wind loading. 

In a cable having a content of about 40 per cent by 
weight of steel, stress-strain curves show that after pre- 
stretching there is practically no tension in the alumi- 
num strands under the ranges of temperature which 
usually exist at those times when vibration is most 
severe, namely, in fairly cold weather and with light 
winds. Experience has shown further that in practi- 
cally every case where trouble has been experienced with 
broken strands, the steel content has been in the 


Fic. 5—RELEASE CLAMP 


neighborhood of 25 to 30 per cent, and no strand failures 
with the 40 per cent content have been reported. 

In selecting the ground wire, it was concluded that it 
should be of the same general nature as the conductor, 
so that both materials would act in the same manner in 
unloading ice coatings; also that they should have 
approximately the same sag and swing characteristics. 
As an aluminum steel-reinforced cable was selected for 
the conductor, the same type of cable was selected 
for the ground wire. 

Consideration was given also to securing a ground 
wire having sufficient current-carrying capacity to meet 
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the requirements of lightning protection, and also to 
distribute any currents which might flow into the tower 
under the condition of an insulator flash-over. It 
would have been possible to meet the above require- 
ments with an all-steel galvanized cable, but a layer of 
aluminum strands outside the steel core has a preserva- 
tive effect on the galvanizing, and consequently a cable 
with a steel core of approximately the same size as the 
conductor and carrying two layers of aluminum strand, 
was finally selected. 


INSULATORS AND HARDWARE 


The line is insulated with high-strength 10-in. disk 
insulators with 534-in. spacing. The design provides 
for an ultimate of 16 units for single and double sus- 


Fic. 6—DEapD-END TOWER AND JUMPER CONSTRUCTION 


pension strings and 18 units for triple dead end strings. 
The initial installation is with 14 units in suspension and 
16 for triple-yoke strings, with a spacer link next to 
the tower having a length equal to two insulators, so 
that the conductors in every case are in the ultimate 
position. 

The single, double and triple string assemblies are 
shown in Fig. 4. 

Except at points of special construction, the con- 
ductor and ground wire are carried in a releasing type 
of clamp, shown in Fig. 5. For special suspension con- 
struction, a non-releasing clamp was used. Both 
clamps are of galvanized cast steel. In order to reduce 
the vibration-reflecting characteristics of the clamp they 
are free to swing in a vertical plane about an axis 
intersecting the axis of the conductor. 
^. The releasing clamps are so designed that an un- 
balanced pull, which will produce a longitudinal swing 
of 20 deg. of the insulator string, will completely release 
the clamping mechanism. The wire is then held only 
by the friction in the saddle of the clamp. By the use 
of these clamps the longitudinal pull from a broken wire 
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is restricted to a small fraction of the strength of the 
wire and under heavily loaded conditions should not 
exceed 5000 lb. This results in longitudinal tower 
stresses considerably less than if the release clamp 
were not used. 

On the dead-end towers, the middle conductor is 
carried above and through the center of the tower, as 
shown in Fig. 6. The great distance from outside to 


Fia 7—SusQqueHANNA RIVER CROSSING 


outside of insulator string, for the center conductor 
made it impossible to support the jumper with a sus- 
pension string in the center and avoid the stranded 
conductor sagging to such a point as to decrease the 
clearances below safe limits. In order to maintain an 
economical design of tower top, recourse was had to 


Fic. 8S—TypicaL Linge CONSTRUCTION 


carrying the stranded aluminum conductor in a 3-in. 
aluminum pipe, 24 ft. long. To each end was attached 
an aluminum reducing coupling carrying a 3-ft. exten- 
sion of 114-in. aluminum pipe from the end of which the 
conductor dropped free into the 90-deg. compression 
aluminum dead-end fitting. 
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Provision has been made for the attachment of arc 
control devices. A decision has been made to install 
some form of arc control device in the near future. 

The transmission lines leave the power house on the 
west bank and are carried to the east bank in two spans 
—1450 and 2200 ft., respectively. The intermediate 
towers are located on an island in the channel of the 
river, and act as a dead-end and single tower, greatly 
diminishing the stresses on the roof structure. These 
towers are shown in Fig. 7. They are 228 ft. high, 
(above the foundations), weigh 113 tons each, and have 
a base spread of 60 ft., supported on concrete piers 20 
ft. above ground, with a bridge-type walk-way inter- 
connecting the piers. 

Fig. 8 shows typical tangent line construction. 


MORE POWERFUL CATHODE RAYS 


Remarkable and rapid advances in synthetic chem- 
istry are promised through the use of high-speed elec- 
tronie bombardment, which is made available by the 
Coolidge cathode-ray tube. High-speed electron bom- 
bardment provides a new and powerful instrument for 
upsetting the stability of many types of molecule and 
atom, transforming them to other types of stable com- 
pound, thus providing a rapid and efficient process for 
replacing old and expensive methods, and in many cases 
offering a means for transformation hitherto unknown 
or thought to be impossible. High-velocity cathode 
rays have long been available within the confines of 
the vacuum tube, but these conditions do not lend 
themselves readily to the chemical transformations 
referred to. 

The Coolidge high-voltage tube provides a means for 
bringing the cathode rays through a window into the 
open, where different materials may be readily subjected 
to their influence. Announcement now comes from 
Germany that Prof. H. Plauson has effected such im- 
provements in the Coolidge tube as to make possible a 
very great intensification of ionic activity. The im- 
provements consist of the use of the metal beryllium 
instead of nickel for the window in the tube and of a 
rotating magnetic field for controlling the electron 
stream. "The new tube is said to convert quickly the 
waste products of petroleum stills and coke ovens into 
rubber, alcohol, acetic acid and valuable drugs and 
perfumes. It is also stated that moist air is converted 
directly into nitric acid, that synthetic rubber may be 
made with astonishing rapidity, and that with cold 
water and air as raw materials it is possible to make 
alcohol, methanol, acetic acid, ether and other such 
produets. In fact, the claims that are made for this 
new agent are so remarkable that, if they are sub- 
stantiated, it would appear that an entirely new era in 
synthetic chemistry is opening. It is to be hoped that 
these claims, which appear at present almost extrava- 
gant, will be duly substantiated by repetition and 
scientific report. Accounts of such further studies will 
be awaited with the keenest interest.—Electrical World. 


Electrochemistry and Electrometallurgy 


ANNUAL REPORT OF COMMITTEE ON ELECTROCHEMISTRY AND 
ELECTROMETALLURGY* 


To the Board of Directors: 


The Committee on Electrochemistry and Electro- 
metallurgy makes its annual report as follows: 

The revision of the Institute’s standards for storage 
batteries which was proposed by this committee several 
years ago has been completed by Working Committee 
No. 37. The revised standards were adopted by the 
Board of Directors February 16, 1928 and have been 
published. 

Standards for the international electrical units con- 
tinue to receive attention at the National Standardizing 
Laboratories. These standards are the basis for electri- 
cal measurements of both the engineer and the physicist. 
The standards for the international system of units are 
essentially electrochemical and it is appropriate, there- 
fore, to review briefly the present situation in regard 
to them. Since 1911 fundamental measurements of 
current have been based upon wire resistances and the 
value determined for the Weston normal cell by an 
international technical committee which did its experi- 
mental work in Washington during the year 1910. At 
that time values to be assigned to the wire resistance 
coils were agreed upon. No detailed specifications for 
either the standard cells or the silver voltameter which 
serves as the international standard for the measure- 
ment of current were agreed upon, but the work of 
preparing such specifications was continued by several 
of the national laboratories until interrupted by the 
War and a high degree of uniformity was attained in the 
voltameter measurements. 

The interlaboratory comparisons of standard cells 
were also interrupted by the War and it is only within 
recent months that we have obtained comparisons of 
the value of the volt in the principal countries. Direct 
exchange of standard cells has been made between 
the Bureau of Standards and several foreign laboratories. 
Several groups of cells have been taken also to the various 
national laboratories by representatives of the Central 
Chamber of Weights and Measures at Leningrad. A 
report by M. Malikoff and M. Kolossof has recently 
communicated the results of their comparisons. On the 
basis of their report as well as the direct exchange of 
cells, the accompanying figure has been prepared to 
show the relation of the volt in six countries at the 
present time. 

The maximum differences are rather larger than was 
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to be expected. This should not be interpreted as 
meaning that the saturated cell is not reliable or re- 
producible since the value for the cell isa derived value 
and may therefore include uncertainties in the value of 
the ohm or errors in the use of the voltameter, or what- 
ever other means may have been employed for deter- 
mining the cell values from time to time. 

The procedure for maintaining the volt by means of 
the Weston normal cell at the various laboratories 
differs very greatly. A redetermination of the inter- 
national ampere by means of the silver voltameter 
has been undertaken by the Bureau of Standards. 
Work of this character has not been done previously 
for 15 years. : 

Whatever the outcome of the present discussions as 
to the advisability of continuing the international 
system of electrical units or changing to the absolute, 
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c. g. s. system may be, the maintenance of the reference 
standards, particularly the standard cell and the wire 
standards for resistance will be none the less important. 
If the absolute units are eventually adopted in place of 
the present international system, the silver voltameter. 
and the mercury ohm will be discarded. 

The fifty-third meeting of the American Electrochem- 
ical Society included a symposium on the chemical pro- 
duction of electricity. Eighteen papers were presented 
on primary cells, storage batteries, rectifiers, and electro- 
lytic condensers. The feasibility of making dry cells 
without the use of manganese ore was described in 
several papers. Graphitic oxides have become a com- 
mercial possibility as a substitute for manganese di- 
oxide, but no immediate change in the construction of 
dry cells is likely. The graphitic oxides, however, 
should find other applications where a convenient source 
of loosely held oxygen is needed. The absorptive 
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properties of finely divided carbon have also made 
possible the construction of primary cells of large ca- 
pacity, subject only to the renewal of the zinc and the 
electrolyte. 

The development of satisfactory aluminum electro- 
lytic condensers has been important in the telephone 
field. These condensers have a service life yet to be 
determined. Some have been in service more than 
five years and others, operating under test conditions 
in the laboratory, have passed eight years. The 
capacity depends somewhat on the formation and the 
conditions of service. Condensers for 24-volt circuits 
have a nominal capacity of 1000 u f. and weigh about 
40 lb. 

An electrical distillation method described in a 
recent paper before the Electrochemical Society has 
beén developed for the manufacture of chemically 
pure hydrochloric and nitric acid. By this means a 
continuous process has become possible, utilizing electri- 
cal energy in place of fuel, with added advantages of 
greatly reduced cost and an improved product. 

Electric melting of steel and iron has maintained its 
already established position. Complete data are not 
available on furnace mstallations during the past year, 
but a considerable number of new installations include 
the 'Lectromelt furnaces. The United States is be- 
lieved to lead the world in the production and 
utilization of the electri¢ furnace. One noteworthy 
installation for which an order has been placed during the 
early part of 1928 is for a 60-ton steel-melting furnace 
to have an installed transformer capacity of 20,000 
kv-a. The phrase “electric steel" has now become a 
trade mark of superior quality. 

Increasing interest has been noted in the possibility 
of providing greater uniformity in composition and 
physical properties of cast iron and this affords a 
promising field for electric furnaces. 

The induction type of furnace, sometimes referred to 
as the high-frequency furnace, has appeared in the 
ferrous field for the production of alloy steels. In the 
past, the opinion has been held that the induction 
furnace would not be useful in the iron and steel in- 
dustry although it had found a place for itself in the 
nonferrous field. At the present time some are in- 
clined to think that the widest application for the in- 
duction furnace will eventually be in the iron and steel 
industry. The design of a one-ton steel melting 
furnace of the induction type is now in the development 
stage. During the past year new installations have 
been devoted largely to the manufacture of high-grade 
special steels and alloys. 

Another development in the electric furnace field has 
been the introduction from France into this country 
of the Miguet electric furnaces. Electric furnace 
engineers have recognized the desirability of using 
large electrodes in order to produce more efficient 
operation and better quality of production. The 
electrode in the Miguet furnace covers the entire 
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molten charge, that is, the diameter of the electrode 
is equal to the diameter of the bowl. 

Electric melting in the brass industry is a develop- 
ment of comparatively recent years but it has now 
become firmly established by affording a control of the 
product that was previously lacking and by improving 
working conditions. The smaller brass foundries have 
been somewhat slower in adopting electric heat for 
melting than the larger plants in the wrought brass 
industry, but relatively small furnaces of the single- 
phase type are now becoming more common. 

Increased interest has been shown in the wide ap- 
plication of electric furnaces to various other industries 
and of particular note is the recent application of 
electric furnaces to glass melting. This has been a 
difficult problem to which extended research has been 
devoted and it is only recently that practical installa- 
tions have been made. The glass charge is used as 
the resistor. 

Industrial electric heating and annealing has con- 
tinued to advance. Recent conferences on this subject 
have been held at Purdue and Yale Universities. 
A notable example of electric heating and annealing has 
recently been carried out at the Bureau of Standards in 
connection with the cooling of the largest disk of optical 
glass ever cast in America. Refractories for furnaces 
used in the glass industry have been improved during 
the year by the introduction of Corhart cast refractory 
blocks. These are made by fusing aluminous silicious 
material in an electric furnace and then casting the 
material in blocks at a temperature about 1900 deg. 
cent. This material on cooling has a dense interlocking 
crystalline structure which is nonporous. Tests which 
have been made in the glass industry show that it has 
much longer life than any other refractory previously 
used in that work. 

Among the resistors for furnaces, there has been 
further development in what is known as the Globar 
elements. These elements are made of silicon carbide. 
The idea of using this material as an electrical resistor 
in high temperature work is not new, but it has not 
been used extensively until recently. Silicon carbide 
has a large negative temperature coefficient and when 
used as a resistor was not entirely stable. That is, 
its resistance tended to increase after a short period 
of use. During the past year a much more stable 
resistor of this type has been made and these are now 
obtainable in large sizes, some as large as 215 in. in 
diameter and 5 ft. long with an electrical rating as 
high as 25 kw. per bar. Another difficulty with these 
resistors has been overcome by a method developed 
within the past year for improving the electrical con- 
tact at the terminals. 

Chromium plating continues to be the center of 
interest in the electroplating field. Clearing of the 
patent situation will doubtless further stimulate the 
use of this metal in electrodeposition. One of the most 
interesting developments during the past year has been 
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in connection with chromium plated tools. The industry 
has reached a stage where the demand for chromium 
plated-ware is far in excess of the supply. 

Cadmium plating is proving valuable as a preventa- 
tive of rust and its use is growing on this account. 

Many attempts have been made to develop satis- 
factory methods of electroplating aluminum and its 
alloys, but few of these hitherto described have been 
successful. Adherent smooth deposits of nickel and 
other metals on a roughened aluminum surface have 
now become possible by methods recently described to 
the Electrochemical Society. These methods vary in 
detail and are adapted to pure aluminum as well as 
to each of a number of its alloys. The plated aluminum 
has advantages by reason of its improved appearance 
as well as its resistance to abrasion. 

The Copper and Brass Research Association has been 
instrumental in making the uses for copper and brass 
better known to the public. Evidence of this is found 
in the fact that the use of brass pipe has increased over 
200 per cent in the last three years. The older copper 
refineries are said to be planning extensive moderniza- 
tion programs chiefly along the line of reducing the 
power cost. 

The output of electrolytic zinc continues to grow as 
a result of available cheap zinc concentrates which can 
be handled by ‘this method. This affords a valuable 
outlet for electrical energy which is likely to increase. 
The output of electrolytic zinc from aqueous sulphate 
solution is estimated at the present at 500 tons a day as 
compared with 100 tons at the close of the War. An 
increased capacity for the production of electrolytic 
zinc is forecast for the coming year as several large 
electrolytic plants have recently been built or projected 
and some chemical engineers say the time is not far 
distant when virtually all zinc will be electrolytically 
refined, as in the case of copper, because of the better 
quality of the product. The development of the 
de Laval electrothermic process in Sweden by American 
interests may, however, have an important result in 
this field. 

In the lead field, additional Betts plant capacity is 
being built and it seems possible that the demand for 
lead which is very low in bismuth may become more 
general. At Kellogg, Idaho, and in Peru, the Tainton 
process of recovering lead electrolytically from leach 
liquors along lines analogous to the zine work is in 
development. 

In the field of aluminum and its alloys a new form 
of sheet material combining the strength of the alloy 
and the resistance to corrosion of pure aluminum has 
recently appeared under the name, Alclad. This 
consists of a heat treated aluminum alloy base with 
a smooth nonporous surface of pure aluminum alloyed 
to the core. This material is expected to overcome 
serious diffieulties which have been experienced with 
aluminum alloys in the past. Magnesium is finding 
increasing use in the aluminum alloys of high strength. 
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Uses for the very pure aluminum prepared by the 
Hoopes process are increasing. 

The chief interest in the production of metals from 
fused electrolytes has recently centered around the 
large aluminum plant now being constructed at Arvida, 
Canada. The capacity of this plant is planned to 
equal the present world production of aluminum. Two 
sections of the plant have been put in operation. The 
construction of all-metal airplanes is expected to be 
an important factor in providing an outlet for the 
greatly increased production of the light metals. 

Beryllium has risen to a position of ‘importance 
among the metals produced from fused electrolytes. 
Three per cent of Beryllium added to iron produces a 
steel and an equal quantity added to copper makes a 
valuable bronze. Rare metals are being produced 
on a limited scale by the electrolysis of fused salts 
and of these the most notable is probably Zirconium. 

The use of electrolytic hydrogen in the production 
of synthetic ammonia has been increasing. Several 
large installations are planned for this year in Japan and 
Norway. One of the objections in the past to the 
electrolytic manufacturing of oxygen has been the lack 
of a market for the byproduct, hydrogen. The use of 
atomic hydrogen in welding operations promises a 
possible balance to make possible the economic produc- 
tion of electrolytic oxygen and hydrogen in place of liqui- 
fication equipment now used for making oxygen alone. 

A new type of oxy-hydrogen cell has recently been 
designed to operate at high temperatures without undue 
deterioration. The larger cells are rated for 2.3 volts 
at a maximum current of 15,000 amperes. These cells 
are said to be able to follow the normal load in some- 
what the same way as the storage battery when charg- 
ing at a variable rate and to do this without any great 
change in efficiency. Off-peak energy converted to 
direct current can be absorbed with a consequent im- 
provement in load factor and it is claimed that the cells 
may be operated on 3300-volt circuits. It is suggested 
that under some conditions the large scale production 
of these gases at a low cost might reach a point where 
they could be used in the production of gas for heating 
purposes. 

The materials for nitrogen fixation are so universally 
available that the problem of nitrogen fixation and the 
use of the products for fertilizer, munitions, or otherwise 
is largely a problem of national requirements, as to 
which each nation can reasonably hope to be indepen- 
dent. The development of nitrogen fixation, however, 
depends on the economic conditions and is in the line 
of decreasing cost of production wherever possible. 
Electric power is not available cheaply enough to 
make the are process a likely competitor of the other 
processes. The synthesis of ammonia is developing 
most rapidly at present. 

The great development in small rectifiers of the 
electrolytic type which was noted several years ago 
in the radio field has been checked by the recent 
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development of a-c. radio sets and the so-called dry or 
electronic rectifiers. Valuable information as to the 
details of improvements made in the aluminum rectifier 
as well as other types have become available. Mechan- 
ical rectifiers for high-voltage alternating current have 
been displaced by the vacuum tube. 

In the field of electrochemistry of gases, outstanding 
developments are largely the researches of Dr. Lind 
and his associates who have been able to produce 
reactions at low temperatures without use of high 
voltages by exposing the gases to the emanations from 
radium. Similar work has been done by Daniels and 
others on the synthesis of ozone and nitric oxide by the 
use of high-voltage cathode rays. The use of ozone 
for the purification of drinking water has trebled within 
the past few years. 

Outlets for electrical energy in various industries 
that have not previously made extended use of electric- 
ity are significant. In the paint, varnish, and lacquer 
industries the electrolytic production of lead carbonate 
is increasing. The synthetic preparation of acetic 
acid, acetone, and methyl alcohol in which electrolysis 
may play a part, has had an important effect in re- 
placing products formerly obtained by wood distillation. 

The heavy clay industry has made progress in the 
use of electrical machinery but is still behind in the 
development of such lines. Brick manufacturers are 
beginning to realize the advantages of electricity as a 
means of saving labor and the proper control of the 
products. 

On all sides we find a constantly increasing demand 
for new products to meet conditions which were un- 
known in the past. Everywhere there is an increasing 
interest in the work of the research laboratories and the 
demand for greater results from research people. 

The committee wishes to acknowledge valuable 
suggestions for the preparation of this report which 
have been made by Prof. C. G. Fink, secretary of the 
American Electrochemical Society. 

GEORGE W. VINAL, Chairman. 
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Calculation of the Capacitance Between 
Two Wires of a Three-Conductor Cable 


By Y. W. LEE! 


Enrolled Student 


Synopsis —This paper develops a formula for calculating the 
capacitance between two wires of a three-conductor cable. A direct 
method of calculation is employed, based on the work of Doctor H. B. 
Dwight. This method gives accurate results independent of empirical 
or resiricled premises. 


N the electrical problems of underground cables, 
a factor which is very difficult to determine is the 
“geometric factor," which, as the name implies, 
involves the dimensions of the cable. The geometric 
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factor is very closely related to the capacitance of the 
cable; and as a matter of fact, it is a constant times the 
reciprocal of the capacitance. 

In a three-conductor cable there are nine geometric 
factors, and of course as many capacitances resulting 
from the different connections of the four elements of 
the cable; namely, the three conductors and the sheath. 
The capacitance of the three wires against the sheath, 
and the capacitance between two wires are the most 
important ones, as the other seven are ERE in 
terms of them. 


In the determination of the geometric udon in 
problems such as the calculations of the dielectric loss, 
the stress under three-phase voltage, the insulation 
resistance, the charging current, and so on greater 
accuracy is demanded. 


The inverse method of determining the capacitance 
by first assuming the distribution of the charges, then 
calculating the equipotential lines, is good only in a few 
cases where these lines agree with the shapes of the 
conductors. This method is not applicable to the three- 
conductor cable. An attempt has been made to 
graphically correct the lines of flow to secure a more 
accurate result; but this has not been extended to the 
case to be considered in this paper. All published 
formulas relating to the capacitance jn a three-con- 
ductor cable, with the exception of Doctor H: B. Dwight’s, 
are either empirical or restricted. 


Doctor Dwight of the Massachusetts Institute of 
Technology presented in the TRANSACTIONS of the 
A. I. E. E. of 1924, a direct method for calculating the 
capacitance of conductors. The most important case 
he worked out was the capacitance of the three wires 
against the sheath in a three-conductor cable. The 
capacitance between two wires of the cable remained 
to be determined in order to complete the accurate 
determination of the geometric factors. 


With the valuable assistance of Doctor Dwight, the 
author has derived a formula for the capacitance 
between two wires in a three-conductor cable. A check 
has been made against the experimental curves pub- 
lished by Mr. D. M. Simons. The difference is small, 
being 3.4 per cent. This calculation was done as thesis 
work in the Electrical Engineering Department of the 
Massachusetts Institute of Technology. 

The complete paper will be published in the 
TRANSACTIONS. It will contain the outline of the 
method of calculation, the statement of the formula, 
and the result of a check against an experimental value. 


. Under the provisions of an Act of Congress, approved: 


May 26, 1928, the Secretary of War is authorized to 


transfer or loan aeronautical equipment to museums 


and educational institutions. Information relative to 
taking advantage of these loans may be secured from the 
Secretary of War. 
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Atlanta Regional Meeting 
October 29-31 


A most interesting program particularly attractive to members 
in the South has been arranged for the Regional Meeting which 
will be held October 29-31 in Atlanta, Ga., with headquarters 
at the Atlanta-Biltmore Hotel. 

Four technical sessions are scheduled under the general head- 
ings of power development, power operations, communication 
and high voltage, and textile. The titles of the papers are given 
in the accompanying program. 

There will be a general session, also, with addresses by some 
well-known speakers. 

A feature of the meeting will be the Student Session at which 
questions of student activities will be discussed, and several 
student papers presented. 

Inspection trips to points of engineering interest and other 
entertainment features have been planned including a dinner- 
dance on the evening of Tuesday, October 30. 

Those who expect to attend the meeting are requested to 
notify O. O. Rae, the chairman of the Registration Committee, 
as soon as possible, addressing him in care of the Westinghouse 
Elec. & Mfg. Company, 426 Marietta Street, Atlanta, Ga. 

Requests for hotel reservations should be forwarded directly 
to the hotel desired. Following below are listed room rates 
at the Atlanta-Biltmore, the headquarters hotel, and other 
hotels in the vicinity. 


HorTrEL Room RATES 


Daily Room Rates with Bath 


Hotel Single Double 
Biltmore............. $4.00andup . $5.00 and up 
Henry Grady......... 2.50 4.50 
Robert Fulton........ 2.50 4.00 

Oe cvy ERR IAS ca 1.50 3.00 
Piedmont............ 2.00 3.50 
AMSICY = 3 e Sue 3.00 5.00 
Winecoff............. 2.50 4.00 


The following general committee has charge of arrangements 
for the meeting: C. O. Bickelhaupt, Vice-president in Southern 
District, Chairman; T. H. Landgraf, Vice-chairman; C. E. 
Bennett, G. N. Brown, H. A. Coles, W. R. Collier, F. M. Craft, 
C. L. Emerson, T. W. Fitzgerald, E. H. Ginn, E. S. Hannaford, 
W. E. Mitehell, O. O. Rae, G. J. Yundt. 


PROGRAM FOR ATLANTA REGIONAL MEETING 
OCTOBER 29-31 
9:00 a. M. MONDAY, OCTOBER 29 


STUDENT ACTIVITIES SEssioN, Prof. E. S. Hannaford, Presiding: 

Address of Welcome, C. O. Biekelhaupt, Vice-President, A. I. E. E. 
in Southern District 

Student Activities, H. H. Henline, Assistant National Seeretary, 
A. I.E. E. 

Five Papers on Student Aetivities, by students 

General Discussion 


2:00 P. M. MONDAY, OCTOBER 29 
PowER DEVELOPMENTS SESSION 


Economies in Central Power Service, W. S. Lee, Consulting 
Engineer, and Vice-President, Duke Power Company 

Southeastern Power and Light Company's System, A. T. Hutchins, 
Southeastern Power and Light Company 

Translations between Sound and Light, J. B. 'Taylor, General 
Eleetrie Company 


8:00 P. m. Monpay, OCTOBER 29 
GENERAL SEsSION (Public invited) 


Presentation of eup for Best Student Paper, H. H. Henline, 
Assistant National Secretary, A. I. E. E. 

Introductory Remarks, P. S. Arkright, President, Southeastern 
Power and Light Company 

The Existing Radio Problem, Judge E. O. Sykes 

Science and Research in Telephone Development, S. P. Grace, 
Bell Telephone Laboratories, Inc. 


9:00 a. M. TvEspAY, OCTOBER 30 
COMMUNICATION AND H1IGH-VOLTAGE SESSION 


Carrier-Current and Supervisory Control on Alabama Power 
Company's System, E. W. Robinson and W. I. Woodcock, 
Alabama Power Co. 

Line Characteristics for Carrier Communication, C. A. Boddie and 
R. C. Curtis, Westinghouse Elec. & Mfg. Co. 

Impulse Flashover of Insulators, J. J. Torok and W. Ramberg, 
Westinghouse Elec. & Mfg. Co. 

A Study of High-voltage Flashovers, J. T. Lusignan, Jr., 
Electric Co. 


TUESDAY AFTERNOON, OCTOBER 30 


General 


Inspection Trips 
7:00 p. m. Tuesday, October 30 
Dinner-dance at Atlanta-Biltmore Hotel 
9:00 a. M. WEDNESDAY, OCTOBER 31 
TEXTILE SESSION 


Electric Drive for Variable-Speed Spinning, E. A. Untersee, 
General Electric Co. 


Motor Drives for Cards and Roving Frames, H. W. Reding, 


Westinghouse Elec. & Mfg. Co. 

Electrification of the Textile Industry in the Southeast, A. G. 
Stanford, Central Georgia Power Co. and E. M. Clapp, 
Robert & Co., Inc. 


2:00 P. M. WEDNESDAY, OCTOBER 31 
POWER OPERATIONS SESSION 


Power-Limit Tests on Southeastern Power and Light Company's 
System, S. M. Jones, Alabama Power Co. and Robert Treat, 
General Electric Co. 

Application of Auto-oscillograph Equipment for Power Systems, 
A. Dovjikov, Westinghouse Elec. & Mfg. Co. 

Photo-Electric and Glow-discharge Devices, J. V. Breisky, and E. O. 
Erickson, Westinghouse Elec. & Mfg. Co. 

Short-circuit Testing on Alabama Power Company's System, 
H. J. Scholz, Southeastern Engg. Co. and C. B.Hawkins, 
Alabama Power Co. 


The American Welding Society’s Program 


At the coming Fall Meeting of the American Welding Society, 
October 8-12 inclusive, Bellevue Stratford Hotel, Philadelphia, 
Pa., there will be presented much information of high technical 
value and also a generous program of social entertainment for 
those who attend. As admission to the Commercial Museum 
and some other social events will be by badge only, all members 
and guests are requested to register early with Mr. M. M. Kelly, 
Secretary. 

The technical sessions will start the morning of Tuesday, 
Oct. 9, and will include the subjects of Welding in Heating, Venti- 
lating and Plumbing Industries, by R. A. Jock, Domestic Engi- 
neering, the Testing of Joints for Aircraft Structures Prepared 
Under Procedure Specifications, presented by H. L. Whitte- 
more, Bureau of Standards, and H. H. Moss of the Linde 
Air Products Company; Welds at Elevated Temperatures, 
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by Professor C. Moser, of Stanford University, Formula for 
Computing Design Stresses for Pressure Vessels, by S. W. Miller 
of the. Union Carbide and Carbon Research Laboratories. They 
will continue Wednesday with papers on Running a Successful 
Job Welding Plant, by J. S. Oechsle, president of the Metalweld, 
Inc., Welding in the Automobile Industry, by J. W. Meadowcroft, 
Asst. Works Manager of the Edward G. Budd Mfg. Co.; 
Thursday, Design of Welded Structures, by F. P. McKibben, 
Consulting Engineer of the General Electric Co., Erecting a 
Building by Welding, by J. F. Lincoln, of the Lincoln Electric Co., 
Ozy-Acetylene Cutting in the Structural Field, by H. E. Rockefeller 
of the Linde Air Products Co.; Friday, Special Films on Studies of 
the Metal Arc by Doctor Karl Bung, German Engineer, and the 
Design of Machinery Parts by Use of Welding of Steel Shapes, 
by Messrs. Hague, Marthens, and Brinton of the Westinghouse 
Electric & Mfg. Co. There will also be an evening session on 
Structural Steel Welding. Entertainment for the ladies will 
include a luncheon in the Betsy Ross Room of the Benjamin 
Franklin Hotel, a bridge party, and an automobile tour of Valley 
Forge. The Grand Ball will also be held at the Benjamin Frank- 
lin Hotel. 


Convention of the American Gas 
Association 


The Tenth Annual Convention of the American Gas Associa- 
tion will be held at Atlantic City on the Young's Million Dollar 
Pier October 8 to 12. 
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AMERICAN ENGINEERING COUNCIL 
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MEETING OF THE ADMINISTRATIVE BOARD 
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The next meeting of the Administrative Board of the American 
Engineering Council will be held in Pittsburgh, October 19 and 
20, under the auspices of the Engineers’ Society of Western 
Pennsylvania. President Arthur W. Berresford of New York 
will preside. 


Meeting of the American Military Engineers 


An invitation is extended to Institute members to attend a 
meeting of the New York Chapter of the Society of American 
Military Engineers whieh is to be held in the auditorium of the 
Engineering Societies Building November 12, 1928 at 8 p. m. 
Charles E. Dawes, Vice-president of the United States, will be 
the speaker. 


National Exposition of Power & Mechanical 
Engineering 

One of the greatest annual events of industry and engineering 
practise which is awaited anxiously by manufacturers of indus- 
trial equipment and kindred products is the Seventh National 
Exposition of Power & Mechanical Engineering at the Grand 
Central Palace, New York, December 3-8, 1928. 

The Power Exhibits will include instruments of precision, 
electrical equipment, pipe and piping, valves and fittings, steam 
specialties, pumps, engines and turbines, coal companies, 
pulverized coal equipment, oil burning equipment, stokers and 
grates, boiler makers, feed water heaters, feed water softeners, 
etc., fire brick, arches, ete.; for heating and ventilating, radiators, 
cooling towers, blowers, air conditioners, air filters, gaskets and 
packing, separators, furnaces, boilers, and grates and stokers; for 
tools, tools and machine tools, lubricants, and lubrieators, and 
for transmission equipment, belting, belt dressing, belt fasteners, 
belt chains, pulleys, drives, transmissions, clutches, bearings, 
gears, couplings, and speed reducers. 

There will be a miscellaneous group, also, including 14 exhibits 
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of safety appliances, numerous exhibits of material handling 
equipment, insuranee firms which specialize in boiler and plant 
insuranee and many other interesting exhibits. 

The power show will offer a new opportunity this year, in the 
Marine Field, in a new avenue for better equipment in eonstruc- 
tion and operation. 

The American Society of Mechanical Engineers, the American 
Society of Refrigerating Engineers, and the American Institute 
of Chemical Engineers all convene during the Exposition week 
and visit the Show. 


The Pacific Coast Convention 
A SUCCESSFUL AND ENJOYABLE MEETING AT SPOKANE, 
WASH. 

The Seventeenth Annual Pacific Coast Convention held at 
the Davenport Hotel, Spokane, Washington, August 28-31, 1928, 
was considered very successful and enjoyable by the 250 members 
and guests present. The technical program was excellent in 
quality and variety of papers, and the entertainment features 
were very attractive. At five technical sessions, 19 papers were 
presented and a very interesting illustrated address on Lichten- 
berg Figures was given on Wednesday evening by Dean C. E. 
Magnusson of the University of Washington. 


STUDENT ACTIVITIES 


At two technical sessions held on Tuesday and Thursday 
mornings, nine papers by engineering Students in the Pacific 
and North West Districts were presented. In addition to these 
sessions, a Joint Conference on Student Activities of the Pacific 
and North West Districts was held, and there was a luncheon 
for the Counselors, Branch Chairmen, and Institute officers. 
Reports upon all the Student sessions are given in the Student 
Activities Department. 


ENTERTAINMENT 


The reception and informal dance held on Tuesday evening 
opened the social program of the convention, and those present 
spent a very enjoyable evening. 

At the banquet held on Thursday evening, Vice-President 
G. E. Quinan of the North West District acted as toastmaster, 
and brief talks were given by President R. F. Schuchardt, and 
Vice-President E. R. Northmore of the Pacific District. Several 
entertainment features were provided by J. S. Thompson, 
President of the Pacific Eleetrie Mfg. Co., and four other In- 
stitute members. "The First Paper Prize and the Best Paper 
Prize for the North West District for 1927 were presented by 
H. H. Sehoolfield, viee-president, North West Distriet 1926-1928, 
to Ray Rader, Offiee Engineer, Puget Sound Power and Light 
Co., who received both awards for his paper entitled A Discussion 
of Short-Circuit Problems and the Application of the Testing Board 
in their Solution. This paper was presented at a meeting of the 
Seattle Section on May 17, 1927. Each prize consisted of & 
eertifieate signed by the Distriet offieers and & cheek for $25.00. 
Prizes for the golf tournament held on Wednesday afternoon 
were presented as follows: 


Low net, John B. Fisken eup and a golf bag, George D. Luther. 
Low net, runner-up, wood elub, J. R. Murphy. Low gross, 
brief ease, Geo. D. Luther. Low gross, runner-up, set of metal 
eups, H. R. Pirrett. Five blind holes, golf elub, H. R. Pirrett. 
Five blind holes, runner-up, tie between Geo. D. Luther and 
R. J. Cobban, decided by putting contest in dining room, and 
won by Geo. D. Luther who received a seal leather pocket book. 
High gross, six golf balls, Professor R. W. Sorensen.  Birdies, 
one golf ball for each, John B. Fisken 2, Geo. D. Luther 1,J. R. 
Murphy 1, G. E. Quinan 1, Berkeley Snow 1.  Ladies' prizes 
for putting contest and bridge were presented as follows: Putting 
contest, first prize, silver ice bucket, Mrs. Bernhard Olsen; 
second prize, dish, Mrs. Carolyn Fisken Kapek; bridge, first 
prize, clock, Mrs. Lora C. Larsen; second prize, silver water 
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pitcher, Mrs. Dorothy Hunt; booby prize, perfume, Mrs. R. D. 
Sloan. 

On Friday evening, H. T. Plumb, Engineer, General Electric 
Company, Salt Lake City, gave an interesting description and 
demonstration of the action of a photoelectric cell, and the 
following motion pictures were shown: Voices Across the Sea, 
What the Job Pays, and The Girl Who Found Herself. 

Other events for the ladies were, a drive to the Manito Golf 
Club for bridge luncheon; sight-seeing trip of city followed by 
tea and music at the Spokane Country Club; and auto-bus trip 
to Hayden Lake and Tavern luncheon. 

Several very attractive inspection trips available for Saturday 
and Sunday were; Chelan hydroelectric station of the Washing- 
ton Water Power Company; outdoor hydroelectric station 
of the Pacific Power and Light Company at Lewiston, Idaho; 
Long Lake hydroelectric station of the Washington Water Power 
Co., and the Coeur d’Alene mining district, and the electrolytic 
zine plant of the Bunker Hill and Sullivan Mining and Concen- 
trating Company at Kellogg, Idaho. 

At a luncheon conference on Thursday, at which Vice Presi- 
dents Northmore and Quinan, J. Hellenthal, Secretary of North 
West District, representatives of all Sections within the Pacific 
and North West Districts, and chairman of the Vancouver 
Section were present, it was decided to recommend that next 
year’s Pacific Coast Convention be held at Los Angeles at a date 
to be determined later. 

At the final technical session on Friday afternoon, resolutions 
were adopted expressing appreciation of the activities of the 
Convention Committee, Spokane Section, Davenport Hotel, 
and other organizations which assisted in making the Convention 
very successful. 

DIGEST OF TECHNICAL DISCUSSIONS 

A summary of the discussions at the technical sessions is given 

in the following paragraphs: 


AFTERNOON SESSION, AUGUST 28 


Sphere-Gap and Points-Gap Arc-Over Voltage, J. S. Carroll and 
B. Cozzens. 

High-Voltage Gaseous-Conductor Lamps, F. O. McMillan and 
E. C. Starr. 

The Automatic Substation and its Relation to the Electric Dis- 
tribution System, S. J. Lisberger. 

The Design of Power Systems for Stability, R. H. Park and E. 
H. Bancker. 

In the discussion of the Carroll and Cozzens paper it was 
brought out by E. C. Starr, H. V. Carpenter and others that 
some of the erratic effects might have been due to the proximity 
of other objects near the electrodes. Dean Carpenter also 
suggested that possibly air currents or local concentration of 
ions in the air might have affected the results. R. W. Sorensen 
stated that he had used blunt needle points for measuring volt- 
ages up to 1,000,000 volts and obtained results with a fair degree 
of accuracy, perhaps 5 or 10 per cent. Professor Carroll in 
answering the discussors agreed that great care must be taken 
in regard to clearances in order that the results may be depend- 
able. In answer to a question he stated that one-meter spheres 
can be depended upon for accurate measurements for three or 
four hours after they have been given fifty flash-overs. The 
number of shots necessary to put the spheres in condition he 
states is uncertain and depends upon the length of time during 
which they have been idle and other factors, some of which are 
unknown. In answer to another question he stated that the 
corona-current measurements given in the paper were made 
with two points at high voltage and not from a point to the 
ground. He thought that in the latter case the form of the 
current wave would be slightly different. He referred to the 
fact that the average values in his paper are less than the theo- 
retical values of F. W. Peek and stated that this tends to show 
that there might be some variation in the sphere gaps. He 
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pointed out that all of his maximum values follow along Peek’s 
curves. 

In commenting on the paper by Messrs. McMillan and Starr, 
E. A. Loew asked if there is a proper voltage for every length 
of neon tube. He pointed out that in a power arc the maximum 
power factor which ean be obtained is about 70 per cent and asked 
if it would be possible to operate the tubes at about the same 
power factor and thus obtain maximum efficiency. C. P. Os- 
borne pointed out the low power factor of these tubes, about 30 
or 40 per cent, and stated that he thought that the sign com- 
panies should furnish condensers with the lamps to raise the 
power factor. D. I. Cone drew attention to the harmonics 
produced by these lamps and to the possible interference with 
communication which might be caused by them. J. S. Carroll 
suggested that three windings might be used on the transformer 
for connection to a condenser to increase power factor. This 
arrangement he thought would be economical. In answering 
Professor Loew’s question, Mr. McMillan stated that a power 
factor as high as 70 per cent is not possible because the starting 
voltage must be considerably higher than the operating voltage 
of the lamp. The maximum power factor obtainable in practise 
he stated is about 50 per cent. Furthermore, he explained that 
from a commercial standpoint it is not desirable to make a large 
number of sizes of lamps. 

M. T. Crawford in a written discussion on Mr. Lisberger’s 
paper pointed out that the problem in the rural districts is quite 
different from that in the cities in connection with automatic 
distribution. He stated that for rural service his company has 
installed a number of pole-type transforming stations up to 
600 kw. in size for stepping down from 13,000 to 2000 or 4000 
volts for distribution purposes. A number of these pole-type 
stations have been equipped for automatic switching on both 
primary and secondary sides. The total cost for such a sub- 
station of 600-kw. capacity with three regulated lighting feeders 
and one unregulated power feeder is about $12,000. C. E. Carey 
commented on Mr. Lisberger’s mention of the use of boiler- 
plate tanks for induction regulators. He stated that the cor- 
rugated thin-metal tank has been proved by test to withstand 
explosions much more satisfactorily. L. R. Gamble stated that 
analyses made in Spokane would indicate that the annual charges 
for an a-c. network ran from 50 to 70 per cent lower than those 
for a d-c. network. J. Hellenthal stated that in Seattle automatic 
substations have been found very economical from the stand- 
points of design and of operation. He stated that in stations 
with capacities from 6000 kv-a. to 9000 kv-a. costs on the order 
of $19.00 to $17.00 per kv-a. can be obtained. A. P. Sessions 
stated it is desirable to know when a switch in an automatic 
station has tripped and locked out and that his company em- 
ploys a telegraph-type relay connected to telephone lines running 
from the stations to the switching center. 

In discussing the paper by Park and Bancker, L. F. Hunt 
enumerated five ways of improving stability namely, (1) pre- 
venting flash-overs, (2) clearing faults rapidly, (3) adding parallel 
transmission lines, (4) preventing over-speeding of generators, 
and (5) providing quick excitation of generators. 


MonNiNGa Session, AvausT 29 


The Electrolytic Zine Plant of the Sullivan Mining Company, 
E. R. Fosdick. 

Great Northern Railway Electrification in the Cascades, E. L. 
Moreland and R. D. Booth. 

Power Supply for Railway Signals and Automatic Train Control, 
C. F. King. 

Automatic Mercury-Arc Power Rectifier Substation, 
Turley. 

In commenting on Mr. Turley’s paper, C. E. Baker warned 
that a direct comparison between the power factors of a rectifier 
and of rotating apparatus may be misleading on account of the 
distortion of the current drawn by the rectifier. D. W. Proebstel 
stated that rectifiers did not always cost more than synchronous 


L. J. 


764 


condensers and that this depends upon the voltage. For instance, 
he stated there are two rectifiers in Portland with a rating of 
750 kw. each whose costs are probably lower than that of syn- 
chronous converters of the same rating. G. E. Nott stated that 
in Los Angeles the use of resonant shunts for reducing telephone 
interference caused by rectifiers have proved quite satisfactory. 
The addition of shunts he stated reduced the interference to 
approximately 13 per cent of the value which obtained without 
shunts, and to 60 per cent of that produced by existing rotating 
equipment which however was of older design and caused more 
interference than similar equipment of recent manufacture. - 


AFTERNOON Session, AvaustT 30 


Movements of Overhead Line Conductors During Short Circuits, 
W. S. Peterson and H. J. McCracken. 

Economy in the Choice of Line Voltages and Conductor Sizes for 
Transmission Lines, E. A. Loew. 

Generalization of Transmission-Line Diagrams, H. V. Carpenter. 

Residual Voltages and Currents in Power Systems, L. J. Corbett. 


E. F. Pearson in commenting on the first paper of this session 
suggested the use of current-limiting reactors or high-reactance 
transformers for preventing the swinging of conductors. He 
suggested for long spans already installed the use of a semi-rigid 
string of small strain insulators at the center of the spans. A.C. 
Pratt stated that on heavy 2300-volt distribution circuits his 
company has successfully used spreaders which consist of ordi- 
nary cross arms and pin-type insulators, these being located at the 
center of long spans. L.F. Hunt stated that one way in which his 
company has reduced the swing of conductors is by very rapid 
relaying. L. J. Corbett stated that he did not believe trouble is 
to be feared from three-phase short circuits and that the maxi- 
mum condition of trouble will occur on a single-phase short 
circuit between two conductors. 


In discussing the paper by E. A. Loew, L. R. Gamble stated 
that his company had been investigating a line 130 mi. in length 
and he had checked his calculations with the curves in the paper 
with very close agreement. J. F. H. Douglas pointed out the 
fact that for lines less than fifty miles in length it will frequently 
be found that an operating voltage less than 80 per cent of the 
critical corona voltage will be most economical. He explained 
another method of arriving at the most economical voltage which 
takes into account the common voltages used in practise on trans- 
mission lines. He pointed out also that the cost of insulators 
should be considered and that this will sometimes determine 
& lower voltage as desirable. In a written discussion V. B. 
Wilfley pointed out another faetor which should be considered 
in designing a line, namely, the maintenance of stability, because 
after certain limitations are reached this may be the limiting 
factor. J.S. Carroll pointed out that with new cable the corona 
losses are higher than they are after the cable has been in service 
for some time. He stated that for reduction of corona the copper 
conductor with a bronze center looks promising. He advocated 
the entire elimination of corona. 


In commenting on the paper by H. V. Carpenter, D. I. Cone 
warned that in making small-model tests, particularly with 
condensers and coils, some of the quantities which may be as- 
sumed as constants are not constant, but are functions of the 
frequency. 

A. W. Copley commenting upon Mr. Corbett’s paper warned 
that the solution offered for inductive-interference troubles 
from triple harmonics is not a general solution, but ean be used 
successfully in specific eases. D. I. Cone and others brought 
out the importance of the factor of saturation of the transformer 
iron, declaring that when the iron is saturated a very small 
voltage change will cause a large change in the exciting current 
harmonies. R. A. Kistler stated that in some eases residual 
current or its prominent harmonics have been limited by installa- 
tion of reactors and resonant shunts in the generator neutral. 
He suggested in place of inserting resistance in the delta of the 
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star-delta bank, to limit residual current, a resistor might be 
placed in the neutral of the star side. He thought that this 
practise might be preferable as it would also tend to limit short 
circuit currents. Roy Wilkins brought out the fact that when- 
ever a star-delta bank with the star grounded is used on a 
grounded system, the delta winding must be sufficiently large so 
that when one phase of the line is grounded the delta will pass 
enough current to operate the relays on the high-tension side. 
One apparent method of correcting this trouble he stated is to 
open the delta, but this has been found unsatisfactory. 


Mornina Session, Auaust 31 


Power-Line Carrier Telephony, L. F. Fuller, and W. A. Tolson. 

Problems in Power-Line Carrier Telephony, W. V. Wolfe and 
J. D. Sarros. 

Carrier-Telephony System for Short Toll Circuits, H. S. Black, 
M. L. Almquist and L. M. Ilgenfritz. ' 

L. M. Ilgenfritz in comparing power-line practise with ordinary 
telephone practise pointed out that the carrier schemes used on 
the Bell System transmit in opposite directions on different 
frequency bands. J. P. Jollyman in a written discussion stated 
that the system described by the authors of this paper has been 
in regular operation for several months and has been very satis- 
factory. It is not interrupted by power-line switching or even 
power-line trouble. In a written discussion C. A. Boddie 
pointed out that it is now recognized that the power line is not a 
simple circuit for supplying communication and that the stand- 
ards of communication required by a power company are very 
rigid. It was his opinion that corona is not responsible for the 
difficulties encountered in communication over these lines. It 
was found that noise was caused by discharges which pass be- 
tween corona shields and the hardware which support them. 
This source of noise can be avoided by making a firm electrical 
connection between the shield and the support. He disagreed 
with the statement that the condenser coupling is superior in 
efficiency to the antenna coupling and claimed that the type of 
coupling should be selected according to mechanical rather than 
electrical considerations. L. F. Fuller declared that he believed 
that the reduction of the noise on the Pacific Gas & Electric 
system was effected very largely by the use of coupling capacitors 
instead of coupling wires. He pointed out that the full ad- 
vantage of the large number of channels permitted on single side- 
band transmission cannot be realized until the line itself can be 
very materially improved. In answering a question J. D. 
Sarros stated that although no definite proof of the presence of 
modulation was found, if modulation is present, a single side- 
band system offers advantages in the reduction of noise. 


AFTERNOON SESSION, Avaust 31 


Inghining Arrester Problems, A. L. Atherton. 

High-Voltage Phenomena in Thunderstorms, M. A. Lissman, 

Heat Flow from Underground Electric Power Cables, N. P. 
Bailey. 

Cable-Sheath Corrosion in Creosoted Wood Duct, B. A. Freed 
and R. M. Burns. 


R. W. Sorensen stated his agreement with Mr. Atherton that 
switching disturbances are not serious sources of trouble and 
also claimed that the quicker a circuit can be interrupted the 
less the disturbance will be. 


A written discussion from H. J. Ryan was read, in which he 
explained some of the terms and work included in the paper by 
M. A. Lissman. 

In discussing Mr. Bailey’s paper, R. H. Park pointed out that 
Mr. Bailey’s calculations were made only for the steady state 
and he showed how the heat flow would be quite different from 
cables which are undergoing a load cycle. E. R. Northmore drew 
attention to the fact that some cables on his company’s property 
which are located in loosely packed sand cannot carry loads which 
cables in other locations will carry. 
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D. W. Proebstel in connection with the paper by Freed and 
Burns stated that he had seen cases of corrosion of cable sheaths 
which oeeurred in ducts which were not ereosoted. Mr. Freed 
agreed that the untreated portion of the duct will cause corrosion 
and stated that there are three courses open to elimination of 
corrosion; (1) a change in the wood, (2) a better impregnating 
process, and (3) mixing a compound with the creosote which 
will neutralize the acid. 


CONVENTION COMMITTEE 


John B. Fisken, Chairman; M. W. Birkett; Daniel L. Brundige; 
H. P. Charlesworth; G. S. Covey; James B. Fisken; L. R. Gamble; 
E. R. Hannibal; D. F. Henderson; D. L. Huntington; W. S. 
McCrea, Jr.; Richard McKay; E. R. Northmore; Bernhard 
Olsen; George E. Quinan; J. E. E. Royer; L. C. Williams; 
Joseph Wimmer; W. L. Winter; J. E. Yates; A. C. R. Yuill. 
Mrs. L. R. Gamble was Chairman of the Ladies Entertainment 
Committee. 


International Electrotechnical Commission 
Reports of Bellagio Meeting 
September 1927 


Two volumes containing the papers and reports presented at 
the Bellagio meeting of the International Electrotechnical 
Commission have been presented to the A. I. E. E. by the 
United States National Committee of the I. E. C. These 
reports cover the subjects of 


Volume I. Rating of Electrical Machinery 
Symbols 
Prime Movers (Steam and Hydraulic) 
Lamp Holders and Bases 

Volume II. Standard Voltages 


Traction Motors 

Insulating Oils 

Rules and Regulations for Overhead Transmission Lines 
Radio Communication 

Measuring Instruments 

Rating of Rivers 

Terminal Markings 


and are available to any member of the A. I. E. E. who desires 
to refer to them. Copies have been placed also at the disposal 
of the American Society of Mechanical Engineers, American 
Society for Testing Materials, National Electric Light Associa- 
tion, National Electrical Manufacturers Association, Engineering 
Societies Library, American Engineering Standards Committee, 
Department of Commerce, and the office of the Secretary of the 
U. S. National Committee, Room 1018, 33 West 39th Street, 
New York, N. Y. 
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Louvain's Appreciation 


Expressing appreciation to all those who participated in raising 
the fund for the war memorial to American engineers the follow- 
ing letter has been received by Alfred D. Flinn, Secretary of 
Engineering Foundation from the Secretary of the University of 
Louvain: 


Middelkerke, Belgium 
September 1, 1928 
My dear Mr. Flinn, 

We are still full of the memories of that splendid 4th July day when we 
came into such delightful contact with our American friends and more 
specially with the representation of the Engineering Societies of the United 
States. lt was for all the members of the University a great joy to see those 
American friends who have given to us such a splendid memorial in honor 
of the brave men who fell in the Great War. 

The ringing of the bells has absolutely transformed Louvain. From 
a city which seemed dead and dull since 1914, when the carillon tumbled 
down under German fire, it has now become a town full of memories, and the 
carillon has become a sort of pilgrimage place, where every day since your 
departure lots of people come to see the American memorial and look at the 
stars of the clock, representing the American states who contributed to the 
erection of that splendid gift. 

There has not been a day during which no motor cars have carried people 
from all sides of Belgium who come to visit the tower and the bells, and 
many Americans have already passed by, proud of their country and filled 
with friendly feelings toward those who have to watch over the memorial 
of the fallen engineers. 

There has been a moment when every man of Louvain has had tears of 
emotion in his eyes. "That was on 4th August last, at 9:30 in the morning, 
when as every year since the end of the war, all the bells of Louvain were 
ringing in memory of the violation of Belgium soil by the German Army. 
When suddenly, the “Liberty Bell” began to strike, overpowering all the 
other bells of the city, many persons ran to the Place du Peuple and stood 
there, looking at the tower, deeply moved. as if the voice of the dead 
American engineers was spreading through the air and saying: ''This is the 
Liberty Bell, now ringing in free Belgium on this fateful 4th of August. 
Remember that we died so that you might live and be free.” 

I, personally, staying in the garden of my home, have listened, with my 
family, to the voice of the Liberty Bell, and, deeply impressed, have prayed 
for the dead engineers. 

We have already had many concerts on the carillon, which has now be- 
come in the everyday life of the people of Louvain what I would call a 
part of their soul. It would be henceforth unthinkable to have Louvain 
without that carillon, and when one is walking through the fields far out 
from the city, everywhere he sees that tower and carillon, and the aspect 
of Louvain with the Engineers’ Memorial is now something of a perpetual 
remembrance of these great things which you intended the memorial should 
keep alive in our memory. 

Monsignor Ladeuze* is specially proud of ''his'' carillon. I have sur- 
prised him more than once, towards the evening, in his garden, listening 
to the bells. 

I hope you kept all the good impression of your stay amidst your Belgian 
friends and I am sure that the ties of friendship bound during that 4th 
July day will endure for ever. 

Please, give my best and friendliest regards to all those of the Engineering 
Societies whom I had the pleasure to meet, and believe me 

Affectionately yours, 
L. Van der Essen. 
*Rector of the University of Louvain.—Editor. 
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Future Section Meetings 
Pittsburgh 


Railroad Electrification, by F. H. Shepard, Westinghouse 
Electric & Mfg. Co. October 16. 

Transient Phenomena, by K. B. McEachron, General Electric 
Co. November 13. 


PAST SECTION MEETINGS 


Denver 
Picnic Meeting. August10. Attendance 90. 
Louisville 


Modern Transportation, by C. H. Blackman, Louisville & Nash- 
ville Railroad Co. Motion picture, entitled ‘‘An Electrified 
Travelogue,” was shown. June 12. Attendance 12. 


Mexico 


Dinner Meeting. Nomination of officers. August 7. Atten- 
dance 31. 


Funcionamiento de la Red Automatica de Baja Tension, by E. 
Leonarz, Jr., Mexican Light and Power Co. The following 
officers were elected: President, P. M. McCullough; Secre- 
tary, F. Aubert; Treasurer, E. F. Lopez. September 4. 
Attendance 44. 


Nebraska 


Business Meeting. The following officers were elected: Chair- 
man, C. D. Robison; Vice-Chairman, V. L. Hollister; 
EOOFOM y SU Peaeurer, C. L. Skarolid. July 2. Attendance 


Niagara Frontier 


Electrification of the Cement Industry, by A. J. Zook, Chief Engr., 
Great Lakes Portland Cement Co., and 
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Report of Regional Meeting of A. I. E. E. at New Haven, Conn., 
May 9-11, 1928, by L. E. Imlay, Chairman. A dinner 
preceded the meeting. May 18. Attendance 90. 


Welding of Steel Structures, by F. P. McKibben, Consulting Engr., 
General Electric Co. May 25. Attendance 67. 


unmniumiimiUmummit 


BRANCH MEETINGS 


University of Detroit 


Transformers, by Prof. H. O. Warner. "Three reels of motion 
pictures on the construction and operation of transformers. 


Appointment of Committee Chairmen. July 10. Atten- 


dance 13. 
University of Louisville 
Refrigeration, by Hugh Nazor, student, and 


Application of Electricity to the Steel Industry, by Charles Casper, 
student. Methods of getting members to attend meetings 
discussed. June20. Attendance 9. 


The Protection of Transmission Lines Against Lightning, by 
J. P. Curd, student, and l 

Lightning Prevention, by George Arehart, student. Discussion 
on having joint meeting with surrounding branches. August 
17. Attendance 19. 


Ohio University Branch 


Professor A. A. Atkinson, Counselor, reported on the trip taken 
to power stations in and near Pittsburgh. April 4. Atten- 
dance 9. 


Talks on manufacture and use of measuring instruments by 
Representatives of The Weston Electrical Instrument Corp. 
Several reels of moving pictures, illustrating principles of 
operation and the construction of instruments. May 9 
Attendance 23. 


Trip to Philo Plant of the Ohio Power Company and outdoor 
substation of the Ohio Power Company at Crooksville. 
May 24. Attendance 16. 


STUDENT ACTIVITIES AT THE PACIFIC COAST 
CONVENTION 


TECHNICAL SESSIONS 


The first session of the Pacific Coast Convention held at 
Spokane, Washington, August 28-31, 1928, and reported more 
fully elsewhere in this issue, was devoted to the presentation of 
five technical papers by electrical engineering students of the 
Pacific and North West Districts. In opening the Convention, 
President Schuchardt referred to the appropriateness of holding 
an annual convention of the Institute on the Pacific Coast, as 
Western engineers have written a very important and out- 
standing chapter in the history of electrical development of the 
country and the world. He congratulated the Committee upon 
the excellence of the program and said a somewhat unique and 
very satisfying feature was the importance given to the Students. 

After brief announcements by John B. Fisken, Chairman of 
the Convention Committee, President Schuchardt requested 
Professor F. O. McMillan, Chairman of the Committee on Stu- 
dent Activities, North West District, to preside and the following 
program was presented: | 

The Phenomena of the Synchronous Breakdown of the Fynn- 
Weichsel Motor, N. C. Clark, University of California. 

The Fynn-Weichsel Motor as a Generator, O. K. Stigers, Uni- 
versity of Utah, (Presented by Ned M. Chapman). 

The Fynn-Weichsel Motor as a Self- Excited A-C. Generator, 
Herman Reise, University of Washington. 

Electrical Characteristics of Neon-Gas Tubes, G. R. Crane and 
E. W. Templin, California Institute of Technology, (Presented 
by G. R. Crane). 

Voltage- Ratio Characteristics of Audio-Frequency Transformers 
Determined by the Cathode- Ray Oscillograph, P. J. Klev, Jr., and 
D. W. Shirley, Jr., Oregon State Agrieultural College, (Pre- 
sented by P. J. Klev, Jr.). 
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The Extension of Long-Distance Telephone Communication, by 
. Bancroft Gherardi. Illustrated with motion pictures. 
dinner preceded the meeting. (Complete report on pages 
544-5 of July issue) June 11. Attendance 136. 
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The Thursday morning session was opened by President 
Schuchardt who requested Dean Philip S. Biegler, Chairman of 
the Committee on Student Activities, Pacific District, to preside. 
The following Student papers were presented: 

The Effect of Barriers in Insulating Oil, P. E. Warrington, 
Stanford University, (Presented by W. G. Snyder). 

Temperature Rise due to Eddy Currents in Iron, A. F. Betke and 
D. R. Stanfield, University of Southern California, (Presented 
by D. R. Stanfield). 

Power Factor and Power Rates, H. B. Tinling, State College of 
Washington. 

The Three-Phase Induction Regulator on. Unbalanced Loads, 
L. W. Curtis, University of Idaho, (Presented by Prof. J. H. 
Johnson). 

In general, the Student papers were very well presented. 
The attendanee throughout the two sessions was approximately 
75 to 90, and a large number of those present were practising 
engineers, the proportion being much larger than usual at 
Student technical sessions. 


LUNCHEON CONFERENCE OF COUNSELORS, BRANCH CHAIRMEN 
AND INSTITUTE OFFICERS 


Immediately after the technical session on Thursday morning, 
President Schuchardt, Vice Presidents Northmore and Quinan, 
Counselors, Branch Chairmen and others interested in Student 
activities met for a luncheon conference at which Dean C. E. 
Magnusson of the University of Washington presided. Brief 
talks on various phases of Student activities were given by all 
Counselors and Institute officers present. 


CONFERENCE ON STUDENT ACTIVITIES 


A Joint Conference on Student Activities of the Pacific and 
North West Districts was held on the evening of August 29 and 
continued on the following morning. Practically all Counselors 
and Branch Chairmen were present. On account of the coopera- 
tion of these two Districts in holding a Pacific Coast Convention 
each year, the Board of Directors last year approved the plan of 
holding an annual Joint Conference on Student Activities in 
connection with the Convention. 

Plans for the conference were made under the guidance of 
Dean P. S. Biegler, University of Southern California, and 
Professor F. O. MeMillan, Oregon State College, Chairman of 


. the Committees on Student Activities of the Pacific and North 


West Distriets, respeetively. 

The following program was presented: 

Branch Programs, Professor R. D. Sloan, Counselor, State 
College of Washington Branch. 

Student Papers, Professor R. W. Sorensen, 
California Institute of Technology Branch. 

The Student Branch as an Employment Agency, Professor H. E. 
Mendenhall, Counselor, University of Utah Branch. 

Relations between Branches and Sections, and also, Relations 
between Branches, Professor T. H. Morgan, Counselor, Stanford 
University Branch. 

The Branch Meeting Attendance Problem, Professor G. L. 
Hoard, Counselor, University of Washington Branch. 

Functions of the Branch Counselor, Dean P. S. Biegler, Counse- 
lor, University of Southern California Branch. 

What National Headquarters Expects of Branches, Henry H. 
Henline, Assistant National Secretary. 


Counselor, 
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Opportunity was given for discussion of each topic by Counse- 
lors, Branch Chairmen, and others present, and there was a con- 
siderable amount of discussion which is summarized briefly below. 

It was recommended that the Vice-Presidents of the Pacific 
and North West Districts call a conference to consider means of 
promoting employment of engineering students and to develop, 
wherever feasible, plans for providing for continuous summer 
employment throughout the college careers of the students. 
Those present thought local committees sponsored by the 
Sections and Branches would be very helpful in finding suitable 
openings for students about to graduate. 

Joint meetings and exchange of speakers between Branches 
and the cooperation with Sections were considered very effective 
means of stimulating interest among the students. 

The advantages of the publication of student papers and 
the approaching urgent need for some publication outlet for the 
work of the increasing number of graduate students in electrical 
engineering were emphasized. 

Methods mentioned for improving Branch meetings were: 
the selection of program material having strong local interest, 
careful selection of the best time for meetings as determined by 
other activities of the students, and the development among 
the students of an understanding of the possibilities of benefit 
to them which lie in a permanent connection with the Institute 
as compared with the temporary benefit received from some 
other extra-curricular activities. 

Later in the day the Counselors of the two Districts met sepa- 
rately and elected officers of their respective Committees on 
on Student Activit asies follows: 

Pacific District: 

Chairman, Professor T. C. McFarland, University of 
California. 

Secretary, Professor James C. Clark, University of Arizona. 
North West District: 

Chairman, Professor J. Hugo Johnson, University of Idaho. 


PERSONAL MENTION 


Irvine W. PniLLIPS, formerly electrical engineer with Perry 
and Whipple, is now with Knight C. Richmond, engineer and 
architect, Providence, R. I. 


EMERSON P. PECK, vice-president of the Utica Gas & Electric 
Co. and Fellow of the Institute, has joined the New York Power 
and Light Corporation, at Albany, N. Y.,as Engineer of Special 
Studies. 


BERNARD LESTER, assistant industrial sales manager of the 
Westinghouse Electric and Manufacturing Company, has been 
placed in charge of the company’s business relationships with 
architects, builders, building contractors, and manufacturers of 
machinery and motor driven appliances, with headquarters in 
New York. 


EvsTACE C. Soares, after serving for nearly five years as 
manufacturing and markets editor of the Electrical World, 
resigned on September 1 to become an officer of the R. B. Engi- 
neering Corporation, consulting engineers, New York City. 
For more than four years prior to joining the staff of the Electrical 
World, Mr. Soares was connected with Ophuls & Hill, Ine., 
eonsulting engineers of New York, as electrieal engineer in charge 
of all electrical operations. During that time he designed a 
number of plants both in the United States and abroad, including 
the largest ice plant in the World. 

Doctor RoBEnT A. MiLLIKAN has recently received the Messel 
Medal, which is awarded every alternate year for the most meri- 
torious scientific work of the two years previous. The last award 


was to Lord Balfour, in 1926. Doctor Millikan received the - 


medal from Francis H. Carr, C. B. E. British president of the 
Society of the Chemistry Industry. 
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Car. C. NELSON has resigned from the Westinghouse Electric 
& Mfg. Company at East Pittsburgh, and has joined the Electric 
Machinery Manufacturing Company of Minneapolis, Minn. 

E. A. Broros, a member of the Institute since 1907, and vice- 
president of the International Electric Corporation, has recently 
been made a Knight, First Class, of the Order of St. Olav by the 
King of Norway, in recognition of his services to Norwegian 
industry and public and private telephone communication 
interests in Norway. 


Maovrice A. OvniN, vice-president of the International 
General Electric Company, was the guest of honor at a luncheon 
given by President Minor of that company at the Bankers Club, 
New York, September 19. On this occasion, on behalf of the 
Italian Society of Electrical Engineers, the diploma and insignia 
of Commander of the Crown of Italy, recently conferred upon 
him by the King of Italy, was presented to Mr. Oudin by Mr. 
John W. Lieb. 


Obituary 


Bernard J. Crahan, an Associate of the Institute since 1917, 
died June 1928 at the home of his daughter in Detroit, Mich- 
igan, at the age of 62. Mr. Crahan was a native of Fulton, New 
York, receiving his early schooling in Oswego County. He 
later graduated from the Business University in Detroit, Mich., 
and there entered the employ of the Detroit City Gas Com- 
pany, of which he became foreman of construction. After 
sixteen years of service with this company which distributed 
natural gas pumped from Canada, Mr. Crahan resigned to- 
accept the general managership of the American Electric Light. 
& Power Company. In 1917 when he joined the Institute,. 
he was general manager of the Port Huron Gas & Electric 
Company. For 38 years he was active in the publie utility field, 
and for 25 years, managed subsidiary properties for the American 
Electric Light & Power Company at Joplin, Mo., Portsmouth. 
Ohio, and Port Huron, Michigan. 


Basil F. Howard, electrieal engineer of the Mountain States 
Telephone and Telegraph Company, Denver, Colo., died at his 
home August 22, 1928. 

Mr. Howard was born May 15, 1865, at Croydon, England, the 
son of an Episcopal vicar. He began his electrical engineering 
career with telephone interests in England, receiving his first 
inspiration toward the profession while still at school from a 
leeture on the telephone, by Prof. Bell. After hearing Professor 
Bell, Mr. Howard made for himself three pairs of Bell telephones 
and some Hughes microphones. He also used a condenser 
as & receiver in connection with these telephones. This was 
about 1879. He attended lectures and performed laboratory 
work at the college of the City and Guilds of the London Institute 
of Technology, Finnsbury, under Professors W. E. Ayrton, 
F. R. S., and John Perry, in electricity, mechanical engineering 
and chemistry. Among his early undertakings was the installa- 
tion of telephones in Buckingham Palace. He developed the 
telephone industry in England and gained for himself important 
engineering and operating positions. Coming to America, 
he became associated with the Colorado Telephone Com- 
pany, April 1905, and had been successively with that 
company and its successor, The Mountain States Telephone and 
Telegraph Company, up to the time of his death, his work lying 
in the field of transmission and protection. He was well known 
in the West and in the telephone industry in general as a scientist 
and engineer of no little ability. Mr. Howard held certificates 
from the Science and Art Department of the Committee on Her 
Majesty’s Most Honorable Privy Council on Edueation, Elec- 
tricity and Magnetism (1880) the College of Preceptors, general] 
education including classics, mathematics, electricity and experi- 
mental physics, 1881; (for the papers on electrical engineering 
Sir Oliver Lodge was the examiner, and full marks were secured) ; 
from the London Society for the Extension of University Teach- 
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ing (Oxford Local Examination) electricity, 1882. He was a 
member of the Rocky Mountain Chapter No. 8, of the Telephone 
Pioneers of America, the Royal Photographic Society of Great 
Britain, the Institution of Electrical Engineers of Great Britain, 
and the National Electric Light Association. He was active in 
the Denver Section of the Institute, and his cooperative spirit 
will be greatly missed. 


Addresses Wanted 


A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Any member knowing the 
present address of any of these members is requested to communi- 
cate with the Secretary at 33 West 39th St., New York. 

All members are urged to notify Institute Headquarters 
promptly of any changes in mailing or business address, thus 
relieving the member of needless annoyance and assuring the 
prompt delivery of Institute mail, through the accuracy of our 
mailing records and the elimination of unnecessary expense for 
postage and clerical work. 


R. P. Anderson, c/o Elks Club, Chicago, Ill. 

Harold L. Biggin, 18 Park Place, Schenectady, N. Y. 

C. W. Bohner, 1989 Bedford Ave., Brooklyn, N. Y. 

E. P. Bordeaux, 2337 Grand Concourse, New York, N. Y. 
Roy J. Campbell, 1515 Mutual St., Sheridan, Pittsburgh, Pa. 
Simpson Carno, 8732 20th Ave., Brooklyn, N. Y. 

Charles F. Clarke, 1325 Astor St., Chicago, Ill. 

Geo. V. Cresson, 128 W. Jersey St., Elizabeth, N. J. 
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R. S. Datta, P. O. Box 93, S. Milwaukee, Wis. 

Geo. A. Daus, 2000 Second Blvd., Rm. 724, Detroit, Mich. 

Jos. W. Dowdy, 800 Bush St., San Francisco, Calif. 

Monroe E. Epstein, 626 Kirtland St., Pittsburgh, Pa. 

Carl F. Faulkner, 842 N. Brand Blvd., Glendale, Calif. 

H. H. Force, 626 Chautauga Ave., Norman, Okla. 

Robert A. Fraser, 81 Arthur St., East Braintree, Mass. 

John J. Gahan, Dimon Court Apts., 1424 Broad St., Columbus, 
Ohio. 

O. M. Hovgaard, Briggs & Stratton Corp. 1047 13th St., 
Milwaukee, Wis. 

W. Homer Love, 112 N. 4th St., Columbus, Ohio. 

Daniel J. McDougall, 1239 Ionia St., Los Angeles, Calif. 

Russell F. Miller, 57 Prospect Park, S. W., Brooklyn, N. Y. 

Gilbert Mitchell, 37 E. 22nd St., New York, N. Y. 

Joseph P. Mitchell, 55 Duane St., New York, N. Y. 

R. M. Newbold, The Mayflower Apts., Louisville, Ky. 

John J. Petruska, 5015 Florence Ave., Philadelphia, Pa. 

Frank C. Regina, 1729 13th St., Oakland, Calif. 

A.J. Ruel, Western States G. & E. Co., Richmond, Calif. 

Paul Scharff, P. O. Box 58, Ridgeway, Pa. 

Norman W. Sederberg, 329 Riverdale Ave., Yonkers, N. Y. 

Oscar L. Smedberg, 916 12th St., Oregon City, Ore. 

H. L. Steinbach, P. O. Box 1002, East Akron, Ohio. 

Beverly Thomas, Jr., 8829 Ft. Hamilton Pkwy., Apt. 62B., 
Brooklyn, N. Y. 

John R. Troy, 107 Montague St., Brooklyn, N. Y. 

P. V. R. Van Wyck, Summit, N. J. 

John J. Zucco, 470 East 161st St., New York, N. Y. 
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The ree is a cooperative activity of the American Institute of Electrical Patios the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


tcal Engineers. 
library of engineering and the allied sciences. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 


most of the important periodicals in its field. Itis housed in the Engineering Societies Building, 29 West Thirty- 


ninth St, New York. 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, coptes or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 
America. A rental of five cents a day, plus transportation, is charged. 

The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what ts desired. 


The library ts open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to b p. m. 


BOOK NOTICES, AUG. 1 TO AUG. 31, 1928 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume respon- 
sibility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 

Dre ABWARMETECHNIK. 

By Hans Baleke. Vol. 2. Munich and Berlin, R. Olden- 

bourg, 1928. 198 pp., illus., diagrs., 9 x 6in., cloth. 11,950M. | 


The first volume of this work on waste heat engineering dis- 
cussed the industrial sources of waste heat and the conditions 
under which it could be utilized profitably for generating steam, 
heating or distilling. In this second part the constituent parts 
or plants for utilizing waste heat are described, with the methods 
of assembling them and connecting them to the heat-producing 
and heat-utilizing apparatus. The methods of using waste heat 


in engines, furnaces, feed-water heaters, turbines, etc., are set 


forth. 
ANALYTISCHE GEOMETRIE DER EBENE. 

By Robert Haussner. Berlin and Leipzig, Walter de Gruyter 
& Co., 1928. 164 pp., diagrams, 6x 4in.,cloth. 1,50rm. 

An introduetory textbook on plane analytic geometry, which 
is intended to give the beginner the general theory of curves of 
the first and second degrees in full, as well as that for & consider, 
&ble number of special eases. In spite of extreme condensation- 
the text covers a wide range in a clear manner. 

ATOMIC STRUCTURE AS MODIFIED BY OXIDATION AND REDUCTION. 

By William Colebrook Reynolds. N. Y., Longmans, Green 
and Co., 1928. 128 pp.,9x6in., cloth. $3.00. 

Starting with the theory that changes in the states of oxidation 
or reduction cause corresponding alterations in the atomic 
structures of chemical elements, Dr. Reynolds submits this view 
to a theoretical investigation, the results of which are recorded 
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briefly in this book. He advances arguments in support of the 
theory and discusses the bearing of these changes on the periodic 
classification, the structure of molecules, solid conductors of 
electricity and magnets, and upon the properties of chromo- 
phores. He advances arguments to prove that the ether is 
non-homogeneous. 


BABNHOFSANLAGEN, Vol. 1. 
By H. Wegele. Berlin and Leipzig, Walter de Gruyter & Co., 
1928. 141 pp., diagrs.,6x4in., cloth. 1,50 rm. 


Dr. Wegele’s book discussed briefly the general planning 
of railroad stations and terminals, both freight and passenger. 
Such topics as the situation of stations, the selection of type, 
the relation of the various parts of stations, track layouts, 
ete., are treated clearly and concisely. A second volume will 
treat of buildings. 


DIE ANWENDUNG DER INTERFEROMETRIE IN WISSENSCHAFT 
Unp TECHNIK. 

By E. Berl and L. Ranis. Berlin, Gebrūder Borntraeger, 
1928. (Fortschritte der Chemie, Physik und physikalisehen 
Chemie, Band 19, Heft 7) 52 pp., diagrs., 10 x6 in., paper. 
5,20 m. 

The interferometer is finding increasing use in analytical work, 
particularly in works laboratories where control analyses must be 
repeated constantly, and where speed and easé of operation, and 
accuracy, are important. This monograph describes the instru- 
ment and calls attention to its various fields of use. 


ELEKTRISCHE MESSUNGEN. 

By Werner Skirl. Berlin and Leipzig, Walter de Gruyter and 
Co., 1928. 459 pp., illus., diagrs., 8x 6 in., cloth. 11 m. 

This work forms one of a series of handbooks issued by the 
Siemens & Halske and the Siemens-Sehuekert companies. 
The handbooks aim to be practical texts and reference books 
in which the engineer will find a satisfactory account of modern 
practise. | 

The book discusses electrical measurements and measuring 
instruments as simply as possible. Photographs and diagrams 
are provided in large numbers, and a very complete index is 
included. The result is an unusually satisfactory book of 
reference. 


ELEKTRISCHE VOLLBAHNLOKOMOTIVEN, ein Handbuch fur die 
Praxis sowie fur Studierende. 
By Karl Sachs. Berlin, Julius Springer, 1928. 461 pp., 
plates. diagrs., 11 x 8in., cloth. 84rm. 


The first work in which the electric locomotive is treated 
comprehensively. The author, engineer of Brown, Boveri & 
Cie., has aimed to describe the development and present position 
of the locomotive in a manner that would be of help to all rail- 
road engineers. 

The text falls in four sections. The first discusses the general 
questions of traction, train resistance, ete. Section two is 
devoted to the mechanical part of the locomotive, the framework, 
trucks, and gearing. Special attention is given to gearing and 
the couplings of motors to drive wheels. 

The third section treats of the electrical equipment. Special 
stress is laid on continuous-current types. The last section 
describes fifteen actual locomotives, selected from those used on 
various European railroads. The book should be of decided 
value to any one interested. 


ELEMENTS OF AVIATION, an Explanation of Flight Principles. 

By Virginius Evans Clark. N. Y., Ronald Press Co., 1928. 
193 pp., diagrs.,9 x 6in., cloth. $3.00. 

This volume, by the chief engineer of the Dayton-Wright 
Company, is an elementary explanation of the principles of 
aviation intended for beginners in the industry. It aims to 
explain the principles of flight without resort to complex mathe- 
matics and to discuss the broader considerations of airplane 
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structure and design, and thus to serve as an introduction to 
further study. An unusually good glossary of aeronautical 
terms is included. 


Force Account on Unit-Price CousTRUCTION CONTRACTS, 
& report by the Bureau of Municipal Research oJ 
Philadelphia. 


Philip A. Beatty in charge of this study. Phila., Thomas 
Skelton Harrison Foundation, 1928. 35 pp., 9x6 in., paper. 
(Copies of the Report may be obtained without charge from the 
Bureau). 


The Bureau of Municipal Research is engaged in a study of the ` 
methods followed in Philadelphia in preparing, letting, and per- 
forming contracts for municipal work. The present pamphlet 
presents its finding and recommendations about force-account 
practises in various departments of the city government. 

The pamphlet analyzes practises in some twenty American 
eities and diseusses the advantages and disadvantages of the 
different methods. Recommendations for controlling force 
accounts are given. As little has previously been published on 
this subject, the pamphlet should interest many. 


FUNDAMENTAL PRINCIPLES OF ELECTRIC AND MAGNETIC 
CiRCUITS. 

By Fred Alan Fish. 2nd edition. 

Book Company, 1928. 212 pp., diagrs., 9 x 6 in., cloth. 


N. Y., McGraw-Hill 
$3.00. 


Professor Fish here sets forth those fundamental principles of 
circuits which he considers necessary for undergraduate students 
of electrical engineering. His text is clear and direct and pre- 
sents the information required as an introduction to the study 
of electrical machinery and transmission in a brief, teachable 
form. In this new edition various expansions and rewritings 
have been adopted. 


GEWOLBETABELLEN VEREINFACHUNGEN FUR ENTWURF UND 
BERECHNUNG STATISCH BESTIMMTER UND UNBESTIMMTER 
GEWOLBE. 

By F. Kogler. 2nd edition. Berlin, Julius Springer, 1928. 
104 pp., diagrs., tables, paper. 7,50 rm. 

An aid to the designer in calculating statically determinate 
and indeterminate arches. The book contains tables covering 
all sizes that are ordinarily used, fo? all practicable rises and 
loads. The accompanying text explains the general principles 
and the application of the tables in the drafting room. 


A HANDBOOK OF PETROLEUM, ASPHALT AND NATURAL GAS. 

By Roy Cross. (Bulletin No. 25, revised) Kansas City, Mo., 
Kansas City Testing Laboratory, 1928. 832 pp., tables, diagrs., 
7x 5in., leather. $7.50. 


A very convenient pocket-book for oil men and others 
interested in petroleum. The author has brought together in 
condensed form a great mass of technical and scientific informa- 
tion on the production, properties, handling, refining, and 
evaluating petroleum, asphalt, natural gas, and oil shale. Partic- 
ular attention is paid to refining and cracking. A valuable 
list of patents on cracking is included, and there is a good bibli- 
ography. The present publication is a revision of earlier issues, 
with additions. 


JAHRBUCH DER ELEKTROTECHNIK, 1926. 
Edited by Karl Strecker. Munich and Berlin, R. Oldenbourg. 
1928, 268 pp.,9 x 6in., cloth. 16m. 


This year book, which is subsidized by the German electrical 
engineering industry, aims to give a concise account of all 
important data and occurrences which have been published in 
the periodicals of the year. The volume at hand covers the 
year 1926. i 

The material is classified into numerous divisions, and the 
account of each subject is prepared by a specialist. About 
250 sources have been examined. References to originals are 
given and good author and subject indexes are provided. 
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LEHRBUCH DER PHYSIKALISCHEN CHEMIE. 

By Karl Jellinek. 2nd edition. Stuttgart, Ferdinand 
Enke, 1928. Diagrams, 10x6 in. paper. Vol. 1, 82 m.; 
Vol. 2, Lieferung 1, 21 m., Lieferung 2, 24 m. 

In 1914 Dr. Jellinek published the first volume of his ‘‘Lehr- 
buch," which was planned to cover the entire subject uniformly 
and comprehensively. A second volume appeared in 1915, 
but publication was then stopped by the World War, and the 
parts issued have long been out of print. 

Research students of physics and chemistry will therefore 
welcome the resumption of the work. Volume one and part of 
volume two are now ready, in an entirely rewritten second 
edition, and completion of the work, in five volumes, is planned 
by 1931. As the only comparable work, Ostwald’s “Lehrbuch,” 
is twenty-five years old, the new treatise is bound to become an 
indispensable work of reference for all workers in this field. 


Die PHYSIKALISCHEN GRUNDLAGEN DER ELEKTRISCHEN FEs- 
TIGKEITSLEHRE. 

By N. Semenoff and Alexander Walther. Berlin, Julius 
Springer, 1928. 168 pp., diagrs., tables, 9x 6 in., cloth. 16,50 
rm. 
The Physico-Technical Laboratory at Leningrad has been 
engaged for several years in investigating certain questions about 
the eleetrieal properties of dieleetries. In the present volume 
the assistant direetor and the engineer of the Laboratory report 
on the results obtained. 

The book contains three sections. In the first are described 
in detail the experimental methods adopted by the Institute for 
measuring electrical fields with exactness. The second section 
treats of the vacuum as an insulant and gives a systematic 
review of our knowledge on this point. Section three discusses 
the breaking down of solid insulants, treating of the electrical 
properties of dielectrics, the various theories of breakdown, the 
experiments made, and the conclusions derived. 


PROTECTION ConTRE Les EFFETS NUISIBLES DE L’ELECTRICITE. 

By F.-G. de Nerville and A. Hardy. Paris, J.-B. Balliére et 
Fils, 1928. 860 pp., illus., diagrs., 9 x 6 in., paper. 125 fr. 

The aceidents and disturbances due to electricity are diseussed 
quite fully in this volume, which aims to describe all the injurious 
effects that electricity may cause, and the methods of preventing 
them. 

The first portion of the book diseusses dangers to the indi- 
vidual. The physiological effects of electricity are described, 
after which methods of protection from lightning and from 
accidents due to electrical currents are treated. The injurious 
effects of stray earth currents are then considered, with the 
remedies. The final section is concerned with disturbances in 
telephone and telegraph lines caused by other conductors. 


SOLUBILITIES OF INORGANIC AND ORGANIC CoMPOUNDS, 
A Compilation of Quantitative Solubility Data from the 
Periodical Literature. 

By Atherton Seidell. Supplement to the second edition. 
N. Y., Van Nostrand Co., 1928. 569 pp., tables, 9 x 6 in., cloth. 
$8.00. 

Dr. Seidell has brought his useful compendium of solubilities 
up to date by publishing a supplement to the second edition 
which contains the data published during the decade 1917-1926. 

The volume adheres to the previous plan. The compiler has 
endeavored to select the most reliable data and to meet the more 
important needs of all classes of chemists. It gives references to 
the sources of the information and contains an index covering 
both the present volume and its predecessor. The two volumes 
make readily available a vast amount of important matter with- 
out laborious searching. 

Die SYMBOLISCHE BEHANDLUNG DER W ECHSELSTROME. 

By Gerhard Hauffe. Berlin and Leipzig, Walter de Gruyter 
& Co., 1928. 102 pp.,6x4in., cloth. 1,50rm. 

A very concise textbook which aims to facilitate the use of the 
symbolic method, as introduced by Steinmetz, in electrical 
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engineering. Starting with an exposition of the mathematical 
principles involved, the application of the method to resistance 
operations is developed, especially in electrical measurements. 


TECHNISCHES HILFSBUCH. 

Edited by Schuchardt & Schutte. 7th ed. Berlin, Julius 
Springer, 1928. 526 pp., illus., tables, diagrs., 7 x 5 in., cloth. 
8 rm. 

A pocket book for machinists and mechanical engineers, 
which gives in convenient form much information on standards 
for serew threads and machine parts, on the properties of metals 
and the capacities of machine tools, and on shop practise in 
general. The work is an unusually well selected collection of 
data. 


TECHNISCHES HILFSBUCH DER OSTERREICHISCH-ALPINEN MON- 
TANGESELLSCHAFT. 
Vienna, Julius Springer, 1928. 66 pp., tables, plates, diagrs., 
7x5in. paper. 3,60 rm. 


A small pocket-book containing tables and formulas frequently 
wanted by mining and metallurgical engineers. The data include 
the: chief mathematical, chemical, and physical constants, 
selected with the needs of Austrian engineers in mind. 


TRAITE-PRATIQUE DE NAVIGATION AERIENNE. 

By A-B. Duval and L. Hébrard. Paris, Gauthier-Villars & 
Cie., 1928. 196 pp., diagrs., plates, 10x 7 in., paper. 30 fr. 

Duval and Hébrard’s Practical Treatise on Aerial Navigation 
was, we believe, the first to appear on that subject. Originally 
printed serially in 'L'Aéronautique" several years ago, it later 
appeared in book form. The second edition is now published, 
with revisions bringing it up to date. 

The book presents the technical methods of navigation, as 
adapted from those which maritime navigators have found 
satisfactory. The treatment is elementary. The use of the 
compass and other instruments is explained, the general rules of 
navigation are given, and methods are outlined. 


VISUAL LINES FOR SPECTRUM ANALYSES. | 

By D. M. Smith. Lond., Adam Hilger, Ltd., 1928. 34 pp., 
8x5in.,cloth. 5s. 

The publisher of this booklet manufactures a wave length 
spectrometer which enables metals present in various substances, 
as constituents or impurities, to be identified rapidly and easily. 
The present publication gives the necessary tables of wave- 
lengths, describes the technique of the process, and shows various 
applications of the method in chemical and metallurgical 
analysis. 


Dir 


' WANDERWELLENVORGANGE EXPERIMENTELLER 
GRUNDLAGE. 

By Ludwig Binder. Berlin, Julius Springer, 1928. 
illus., diagrs., 9x 6 in., paper. 22rm. 

This volume, by the Director of the Institut far Elektro- 
maschinenbau at the Dresden Technical High School, presents a 
connected account of the investigations of transient phenomena 
in electric lines and machines. The questions which have been 
investigated experimentally and which are reported inelude such 
major ones as the steepness of the wave-fronts of surges, the mode 
of transmission of surges along lines, the tensions in coils that 
they may produce, the effectiveness of protective apparatus, and 
the behavior of insulating materials subjected to short strains. 


WATER PuniFICATION. 

By Joseph Ellms. 2nd edition. N. Y., McGraw-Hill Book 
Co., 1 28. 594 pp., illus., tables, plates, diagrs., 9 x 6 in., cloth. 
$3.00. 


A comprehensive treatise on the purification of water by an 
engineer of wide experience. The entire subject is covered, and 
practical information is given on the design, construction, and 
operation of filtration plants, and costs are included freely. 
Bibliographie references are provided amply. 

The new edition, which is about one-fourth larger than the 
first, has been carefully revised and brought up to date. A new 
chapter on the effect of the hydrogen-ion concentration of 
natural waters has been added. 


AUF 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 


ing with the Western Society of Engineers. 


T he service is available only to their membership, and ts maintained as a coop- 


erative bureau by contributions from the societies and their individual members who are directly benefited. 


Offices:—81 


est 39th St., New York, N. Y.,—W. V. Brown, Manager. 


1216 Engineering Bldg., 205 W. Wacker Drive, Chicago, Ill., A. K. Krauser, Manager. 
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t., San Francisco, Calif., N. D. Cook, Manager. 


MEN AVAILABLE.— Brief announcements will be published without charge but will not be repeated except upon 
requests received after an interval of one month. Names and records will remain in the active files of the bureau for a 


riod of three months and are renewable upon request. 


Notices for this Department should be addressed to 


MPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 16th day 


of the month. 


. 


OPPORTUNITIES.—4A Bulletin of engineering posilions available is published weekly and is available to 


members of the Societies concerned at a subscription of $8 per quarter, or $10 per annum, payable in advance. 
romptly as a result of publication in the Bulletin may be announced herein, as formerly. 
ONTRIBUTIONS.— Members obtaining positions through the medium of this service are 


tions not filled 


VOLUNTAR 


Posi- 


invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 


placement, on the basis of one and one-half per cent of the 


rst year’s salary; temporary positions (of one month or less) 


three per cent of total salary received. The income contributed by the members, together with the finances appropriated 
by the four societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS .—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


to the Employment Service as above. 


filled will not be forwarded. 


POSITIONS OPEN 


DESIGNING ENGINEER, thoroughly com- 
petent, for manufacturer of high-grade radios. 
Must have record of successful accomplishments. 
Apply by letter, giving complete details of 
experience and personality. Location, New 
England. X-5978. 

ELECTRICAL DEVELOPMENT OR RE- 
SEARCH ENGINEER, preferably with experi- 
ence in the commercial development of control 
apparatus. Must be a technical graduate also 
practical experience in the application of electric 
motors or motor control apparatus very desirable. 
Most important that be be equipped with good 
judgment and imagination. Would eventually 
take charge of experimental and research de- 
partment. Opportunity. Apply by letter, stat- 
ing details of previous experience and compensa- 
tion expected. Location, Middlewest X-5792-C. 

SERVICE ENGINEER, young, with knowl- 
edge of rotary converters and generators. 
Electrical engineering graduate with test bed 
experience preferred. Apply by letter, giving full 
particulars, experience, age, qualifications, and 
salary required. Location, New York. Will be 
required to travel. X-5833. 

DESIGNING AND RESEARCH ENGI- 
NEER. young, capable of taking charge of 
development and research laboratory. Must 
have good educational training and possess 
laboratory skill. Opportunity. Apply by letter. 
Location, Chicago. X-5834-C. 

TRANSFORMER DESIGNER AND EN- 
GINEER, to take full technical control of the 
manufacture and design of any kind of power 
transformer. Apply by letter, giving age, educa- 
tion, experience in detail, salary desired, and avail- 
ability. Location, England. X-5916. 

GRADUATE ELECTRICAL ENGINEERS, 
two, young, with 2-3 years’ power company ex- 
perience; one in transmission construction and 
operation; the other in station construction and 
operation. Good personality and commercial 
or sales inclination is necessary, as these men will 
be thoroughly and carefully trained for sales work 
by a well-known, substantial manufacturer. 
Opportunity. Apply by letter, giving complete 
personal details, as well as experience, salary 
required, etc. Location, Middle West. X-5883-C. 


MEN AVAILABLE 


TECHNICAL GRADUATE, married, G. E. 
test, broad experience United States and Mexico, 
mechanical and electrical construction, operation, 
maintenance, coal and metal mine pumping, 
hoisting, haulage. treatment plant equipment; 
also generation, transmission, utilization of steam, 


air and electric power. Desires mining or indus- 
trial position; location immaterial, but Spanish 
America preferred. B-8872. 

SUBSTATION ENGINEER, graduate in 
E. E. 1 )4 years G. E. test. Five years’ utility 
experience includes system operation and main- 
tenance; substation inspection, test, construction, 
design; budget and estimating work. Has special- 
ized on relay and control problems. References 
as to ability and character from former employers 
are available. Two  weeks' notice required. 
B-9514. 

GRADUATE ELECTRICAL ENGINEER, 
24, single. One year's experience in mining 
electrical engineering. Various electrical main- 
tenance positions held in last four years with large 
companies. Capable of mining executive posi- 


tion. Experience in designing and planning 
electrical construction. Location preferred, 
Middle West. C-4996. 


ELECTRICAL ENGINEER-ESTIMATOR, 
31, graduate, 9 years’ experience, 2 years with 
architect layouts and specifications, light, power 
signals for theaters, hotels, apartments, etc. 
One year with contractor, directing and engineering 
work from office on new buildings. Desires 
connection with contractor, architect, or con- 
sulting engineer anywhere in United States. 
B-4217. 

EXECUTIVE, graduate engineer, fifteen years’ 
experience, construction, operation, management; 
mostly electric light and power public utilities. 
Schooled by a financial leader of the industry, 
especially in reduction of operating expenses. 
Knowledge of state regulatory requirements. 
Would be interested in holding company appoint- 
ment. Preferably salary plus percentage of 
effected savings per annum.  B-1003. 

ELECTRICAL ENGINEER, M.I.T. '20, 
desires position with construction or industrial 
firm. Has had two years generating and substa- 
tion estimating, cost analysis and construction 
work in the field. Speaks German and French. 
Employed at present. Location, anywhere, but 
preferably Philadelphia. C-4983. 

EXECUTIVE, with technical training, desires 
position with manufacturing organization. Ex- 
perienced in sales engineering and manufacturing 
of electrical equipment. Also experienced as 
field engineer on installation of electrical equip- 
ment for central steam stations including sub- 
stations. Prefer South or Middle West locations. 
B-9039. 

ELECTRICAL ENGINEER AND EXECU- 
TIVE, 47, graduate E. E., with 16 years’ manu- 
facturing experience and 8 years' experlence in 
industrial and office building layout and con- 


struction. Now located in Los Angeles, and wishes 
position with headquarters in South West. B-3256. 

ELECTRICAL ENGINEER. 25, single. 
University graduate, B. S. in E. E. Desires 
position with an electrical manufacturer or a 
public utility. "Two years General Electric test. 
Location preferred, Central East. Now em- 
ployed. C-4965. 

EXECUTIVE OR ELECTRICAL ENGI- 
NEER, 40, married. 14 years’ experience cover- 
ing design, construction and maintenance distri- 
bution and transmission systems, substations 
and generating stations, equipment sales, pur- 
chases, statistics and special reports. Desires 
connection with public utility or manufacturing 
concern. Southern or Central States preferred. 
B-9480. 

ELECTRICAL ENGINEER, having 8 years’ 
practical experience on transmission, distribu- 
tion, testing and sales work, is desirous of a con- 
nection with progressive concern. Willing to 
accept position in Europe. B-7412. 


ASSISTANT TO ENGINEER OR SUPER- 
INTENDENT, electrical and mechanical engi- 
neer with nine years’ experience in responsible 
position in the installation, testing, operation 
and maintenance of generating and substation 
equipment of large public utility. Also experi- 
enced in industrial plants and general engineering. 
Has initiative, ability and can secure results. 
C-2456. 


ELECTRICAL ENGINEERING GRADU- 
ATE, seven years’ experience as follows: Six 
months maintaining power station electrical 
equipment. Six months testing and installing 
meters. Three years of substation maintenance, 
operation, protection and checking. One year 
distribution, operation, and maintenance. Two 
years transmission engineering and designing. 
Engineering, construction, or maintenance posl- 
tion desired. C-5013. 


ELECTRICAL ENGINEER, 31, graduate, 
Norwegian. Two years’ experience in substation, 
power plant equipment, such as shop work on 
power transformers, relay testing, structure, 
switchboard diagrams. 114 years’ experience 
electrical engineer, Westinghouse, clectric locomo- 
tive equipment. Desires position engineering 
department public utility company or electric 
railway concern. Speaks French, German. Excel- 
lent references. C-4942. 


RECENT GRADUATE, 8S. B.inE. E.,M.I.T., 
(1927) 22, single, desires position in commercial 
field. One year's experience as instructor in 
large western university. Can furnish excellent 
references. Location preferred, East. C-3550. 
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GRADUATE, 26, aingle, with B. S. in E. E. and 
8 years' experience testing electric meters, wants 
work in engineering, with chance for advancement. 
Available immediately. Location, immaterial. 
C-5028. 

GRADUATE ELECTRICAL ENGINEER, 
22, B. S. in E. E. 1928, single, desires position 
with public utility or industrial concern. Good 
character and personality, reliable and industrious. 
Available at once. C-4973. 

ELEOTRICAL ENGINEER, 29; 4 years iron 
and steel works electrical installation and main- 
tenance; 3 years electrical erection for electrical 
manufacturing company; 2 years oil fields electri- 
fication and 3 years electrical drafting; design of 
central and substation electrical plant; switch 
boards and switchgear, etc. OC-625. 

STEAM ELECTRICAL ENGINEER, open 
for a position as superintendent of office building 
or power plant or master mechanic. American, 
married. Has had 25 years’ experience, covering 
maintenance and operation. Good organizer, 
able to handle men. Can furnish excellent 
reference as to character and ability. Available 
on short notice. Salary open to negotiation. 
C-5032. 

ELECTRICAL ENGINEER, 25, University 
graduate, 1926, with degree of B. 3. in E. E., 2 
years’ experience in manufacturing and d-c. 
design, desires position in development, experi- 
mental or design work. Position must be per- 
manent and have possibilities for advancement. 
Now employed. Available on reasonable notice. 
Location preferred, Middle West. C-5030.: 

ELECTRICAL ENGINEER, 29, married. 
Technical university graduate, 6 years' experience 
in testing, designing, manufacturing, estimating, 
etc., of electrical apparatus. Desires position 
with public utility or manufacturing concern. 
Location preferred, Middle West. C-5039. 

INDUSTRIAL ELECTRICAL ENGINEER, 
graduate '21, 31, married, seeks connection with 
future. Experience covers design and layout of 
entire electric system in largest Canadian Paper 
Mills, including hydroelectric power plants, also 
steel mill electrification, utility networks and 
smaller industrial installations. Available on 
reasonable notice. C-5038. 

ENGINEER-STATISTICIAN, Electrical En- 
gineer, 29, E. E. Zurich, Switzerland; Master 
of Business Administration, New York Univer- 
sity. Six years’ experience in distribution systems, 
electrical equipment for industria! uses, projecting, 
electrical calculation, costanalysis; thorough 
knowledge of statistical methods, economics, 
accounting, costaccounting, financial organiza- 
tion and management. Reference. Minimum 
salary $5000. Married. Location, immaterial. 
C-4989. 


RESEARCH ENGINEER, 32, M.I. T. gradu- 
ate, M. S. in E. E; six years’ experience with 
power companies on important test and investiga- 
tion work; five years in the research department of 
prominent manufacturer on research and develop- 
ment work. Available on short notice. B-1041. 
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ELECTRICAL ENGINEER, graduate, desires 
position with public utility or industrial firm. 
Two years Westinghouse test. Five years 
electrical design and construction of power plants, 
substations and industrial layouts. Three years 
as assistant to electrical engineer of industrial 
company. Would like a connection with an 
opportunity. B-8379. 

ASSISTANT EXECUTIVE OR DEPART- 
MENT HEAD, married, 33. Engineering and 
Arts graduate, with budgeting, scheduling, statisti- 
cal, valuation rate study, operating, construction 
and some design experience; available for position 
with operating, holding or manufacturing com- 
pany. Eleven years’ experience: seven years 
utility, four years industrial. B-9676. 

ELECTRICAL ENGINEER, 25, single. B. S. 
in E. E., 1924 with four years’ industrial experi- 
ence, desires permanent position with consulting 
firm or industrial organization. Location pre- 
ferred, New York or vicinity. B-8400. 


ELECTRICAL AND MECHANICAL ENGI- 
NEER, 45, married. 27 years’ experience in the 
construction and maintenance of high- and low- 
tension central power and substation equipment, 
industrial and marine diesel-electric plants. 
A supervisor of mechanics in all trades. Excel- 
lent references. Now employed, available at 
reasonable notice. B-721. 


METER ENGINEER, 28, single. Under- 
stand the testing, repair and installation of all 
types of watthour, demand and combination 
meters; testing and calibrating of standards; 
instrument transformer installation and testing; 
meter records. Foreman of meter department 
since 1919. C-2831. 


ENGINEER, married, experienced in layout, 
supervision of construction and operation of 
electrical and mechanical equipment in mills and 
factories. Practical experience in steel mills, 
powder plants, some railroad work and a good 
experience on hoisting and conveying machinery. 
Desires position preferably within a commuting 
distance of Ridgewood, N. J. B-5068. 


ELECTRICAL ENGINEER, graduate, 22, 
single, and in A-1 health, good draftsman, sales 
personality and a year's experience on Westing- 
house Test, desires à permanent position with a 
public utility, mining or manufacturing company. 
Willing to start on a moderate salary. Location, 
immaterial. Excellent references. Available on 
two weeks’ notice. C-3678. 


ELECTRICAL MECHANICAL ENGINEER, 
graduate, 25, single. One year Business Administra- 
tion Course. two years' experience in Electrical 
Railroad, Power Stations, construction, testing, 
design. At present connected with consulting 
engineers doing railroad evaluation. Speaks 
French, German, Spanish. Location, South Amer- 
ica or Europe. C-4892. 

ELECTRICAL ENGINEER, 1922 graduate, 
with B. 8. degree in Commerce, also. 30, widower 
with two children. Experience in motor manu- 
facturer's test department. Broad experience 
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in large electrical pulbic utility, including modern 
power plant, substations, power sales department, 
supervision of engineering of electric meter and 
testing laboratory. Seeking better position. 
C-4995. 

ELECTRICAL MECHANICAL ENGINEER 
with chemical experience; Technical University 
graduate, 18 years manager of experiment station: 
telegraphy, telephony, radio. Desires position 
in research department, rapid and picture teleg- 
raphy, telephony on telegraph wires, ocean cable 
telephony, noise abatement, wants to perfect 
his Television in Colors system. . B-7707. 

ELECTRICAL ENGINEER, American, mar- 
rled. Broad experience designing, constructing 
power and industrial plants, substations, distribu- 
tion and transmission lines. Supervised engi- 
neering of large electrical projects and pulverized 
fuel systems. Made special studies in cable 
research, high frequency radiation. Prepared 
reports, estimates and specifications for light, 
power. Thoroughly qualified executive with 
international reputation. B-3954. 

JUNIOR ELECTRICAL ENGINEER, 24, 
single, graduate, 1926, desires position with 
growing public utility or hydroelectric develop- 
ment which has opportunity for advancement. 
Experience includes two years civil engineering, 
power plant designing; last two years on all types of 
general test work with large public utility. For 
the past year in a supervisory capacity. C-2667. 

CHIEF ELECTRICIAN, 31, single. Graduate 
Bliss Electrical School; 14 years’ experience in 
electrical maintenance, repair and test. Three years 
in charge of all electrical construction and main- 
tenance work in 180,000-kw. steam generating 
plant. Location preferred, West. C-5068. 


ENGINEERING EXECUTIVE. Twenty 
years' experience in design and manufacture of 
electrical apparatus. At present and for past 
Six years chief engineer of nationally known 
company. Familiar with problems of develop- 
ment, production, purchasing, cost and sales. 
Desires change to larger company with broader 
outlook. St. Louis or middle west locality 
preferred. C-5062. 


GRADUATE ELECTRICAL ENGINEER, 
24, single, desires position in application or design 
of small motors. One year on Westinghouse 
Student Course; six months in Westinghouse 
Design School; one and one-half years on design 
and construction of small motors. Available on 
short notice. Location, United States, east 
preferred. C-5051. 


ELECTRICAL MECHANICAL ENGINEER, 
graduate M. I. T. Two years’ experience in 
manufacture, production, development and design 
of small motors; a-c. rectifiers for radio and com- 
mercial use. Two years development work and 
manufacturing, planning with large corporation 
in telephone industry, with background of field 
work in automatic telephony. Desires responsible 
position requiring initiative. O-1305. 


(See also pp. 33 and 40 of Advertising Section). 
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APPLICATIONS FOR TRANSFER 


The Board of Examiners, at its meeting held 
September 26, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the Nationa. Secretary. 


To Grade of Fellow 


CHARLESWORTH, HARRY P., Plant Engineer, 
American Tel. & Tel. Co., New York, N. Y. 


CRELLIN, EARLE A., Assistant Engineer, 
Pacific Gas & Electric Co., San Francisco, 
Calif. 


DENTON, FRANCIS MEDFORTH, Associate 
Professor of Electrical Engineering and 
Physics, State University of New Mexico, 
Albuquerque, New Mexico. 

HORTON, J. WARREN, Member of Technical 
Staff, Bell Telephone Laboratories, New 
York, N. Y. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 


applied for direct admission to & higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before October 31. 1928. 


Attwood, F. L., American Tel. & Tel. Co., New 
York, N. Y. 

Bacon, D. C., Southwestern Bell Telephone Co., 
Dallas, Texas 

Bakeman, C. T., Puget Sound Power & Light Co.. 
Seattle, Wash. 

Baker, R. M., Baker's Shop, Bellevue, Ohio 

Banks, H. P., Public Service Production Co., 
Newark, N. J. 


Oct. 1928 


Barnes, M. T., Texas-Louisiana Power Co., 
Williamstown, Ky. 

Barr, A. A., Caliente Public Utilities, Caliente, 
Nev. 

Bausch, E. New York Rapid Transit Corp., 
Brooklyn, N. Y. 

Berger, D., Kiemle Motor Co., Toledo, Ohio 

Bon, C. H., 8tromberg-Carlson Tel. Mfg. Co., 
Rochester, N. Y. 

Brasheer, H. E, Southwestern Bell Telephone 
Co., Dallas, Texas 

Brown, P. C. Whitehall Cement Mfg. Co, 
Cementon, Pa. 

Chilton, W. J., Southwestern Bell Telephone Co., 
Dallas, Texas 

Curtis, L E., Jr., Pennsylvania Power & Light 
Co., Allentown, Pa. 

Duff, D., Pacific Electric Mfg. Corp., San Fran- 
cisco, Calif. 

Dunlap, J. P., Electrical Engineers Equipment 
Co., Melrose Park, Ill. 

Farster, M. E., Electrical Research Products, Inc., 
New York, N. Y. 

Ferguson, L. A., Jr., (Member), Commonwealth 
Edison Co., Chicago, Ill. 

Flagg, P. M., Pacific Tel. & Tel. Co., Seattle, 


Wash. 

Gabler, R. T., Copperweld Steel Co., Glassport, 
Pa. 

Griesmann, W. J., Brooklyn Edison Co., Brooklyn, 
N. Y. 

Heafer, H. P., Southwestern Bell Telephone Co., 
Dallas, Texas 

Humphrey, D. G., The Toledo Edison Co., 
Toledo, Ohio 


Kiemle, F. W., F. W. Kiemle Co., Toledo, Ohio 


OFFICERS A. I. E. E. 1928-1929 


President 
R. F. SCHUCHARDT 


Junior Past Presidents 
C. C. CHESNEY 


BANCROFT GHERARDI 
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Lien, G. O., Westinghouse Elec. & Mfg. Co., 
New York, N. Y. 

Lim, V. F., Interborough Rapid Transit Co., 
New York, N. Y. 

Littman, L., Polymet Mfg. Corp. New York, 


N. Y. 

Matthews, C. G., Graybar Electric Co., Dallas, 
Texas 

Michas, C. D., New York Edison Co., New York, 
N. Y. 


Mile, W. E. Naval Radio Communications, 
Boston, Mass. : 
Mittanck, E. H., Southwestern Bell Telephone 

Co., Dallas, Texas 
Myers, T. G., (Member), U. S. Electrical Mfg. 
Co., Los Angeles, Calif. 
Naiman, S., Naiman & Co., Asheville, N. C. 
Newman, A., Jr., Electric Specialty Co., Stamford, 


Conn. 
Payette, 8. A., Puget Sound Power & Light Co., 
Seattle, Wash. 


Pennefeather, J. E., Scranton, Montrose & Bing- 
hamton R. R., Scranton, Pa. 

Perrot, S. A., British Columbia Electric Co., 
Vancouver, B. C., Can. 

Porter, W. E., (Member), General Electric Co., 
West Lynn, Mass. 

Poulsen, I. C., Southwestern Bell Telephone Co., 
Dallas, Texas 

Ranklin, R. H., Fordson Coal Co., Stone, Ky. 

Reeve, J. D., Koppers Construction Co., Pitts- 
burgh, Pa. 

Reeves, D. W., Gulf States Utilitles Co., Lake 
Charles, La. 

Sabbah, H. C. A., (Member), General Electric 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 


Outdoor Cable Terminals.—Bulletin 701, 136 pp. De- 
scribes ''Standard" outdoor cable terminals and accessories. 
Profusely illustrated and diagramed. Standard Underground 
Cable Company, 100 Seventeenth Street, Pittsburgh. 

Oil Circuit Breakers.— Bulletin 478, 4 pp. Describes types 
D-117 and D-127 Condit oil switches and circuit breakers; 
manual and electrical remote control, automatic or non-auto- 
matic; 1200 amperes or less, 15,000 volts; 1600 amperes, 7500 
volts. Condit Electrical Manufacturing Corporation, Boston. 

Switches.—Bulletin 21, 8 pp. Describes Wadsworth acces- 
sible fuse meter service and main entrance switches. Wads- 
worth Electric Manufacturing Company, Inc., Covington, Ky. 

Resistance Thermometers.—Catalog 80, 28 pp. Describes 
L & N resistance thermometers for temperature measure- 
ments. Leeds & Northrup Company, 4901 Stenton Avenue, 
Philadelphia. 

Megohmer.—Bulletin 170, 8 pp. Describes model “DM” 
megohmer, a combined megohmmeter and voltmeter with a 
self-contained direct-current generator. Herman H. Sticht & 
Company, 15 Park Row, New York. 

Superheaters.— Catalog 304, 48 pp. Describes Foster super- 
heaters and consists largely of illustrations of installations. 
Foster Wheeler Corporation, 165 Broadway, New York. 

Synchronous Motors.—Bulletin, 56 pp., entitled ‘‘The 
Most Efficient Drive in Industry." The advantages of the syn- 
chronous motor in comparison with other types, the theory of 
its operation and its development are covered, and the last half 
of the book is devoted to applications. Electric Machinery 
Manufacturing Company, Minneapolis. 

Steam Turbines.—Bulletin, 132 pp. (in German). This 
bulletin, entitled ‘‘25 Years of A. E. G. Turbines” commemorates 
the twenty-fifth anniversary of building of steam turbines by 
the Allgemeinen Elektricitats-Gesellschaft, Dorotheenstrasse 40, 
Berlin,Germany. The brochure is copiously illustrated detailing 
the process of manufacture. . 

Flywheel Effect Recommendations for Air Compres- 
sors.— Bulletin 501, 16 pp. entitled '"Flywheel Effect Recom- 
mendations for Air Compressors Based on Ideal Synchronous 
Motor Drive." Information is given on how to obtain flywheel 
effect for any type, horsepower, or speed, being based on a stand- 
ard motor of 100 horsepower at 200 rev. per min., 60 cycles. 
The Ideal Electric & Manufacturing Co., Mansfield, Ohio. 

Electrical Precipitation.—Bulletin 200, 8 pp., is & brief 
history of the Cottrell process of electrical precipitation for the 
recovery of solids or liquids from air or gases. Applications are 
described. Bulletin 201, 4 pp., on removal of ash and flue dust 
in powdered fuel plants. Bulletin 202, 4 pp. on detarring manu- 
factured gas. Reseacch Corporation, 25 West 43rd Street, New 
York. 

Laboratory Apparatus.—Catalog, 140 pp. Describes the 
complete line of General Radio instruments, largely specialized 
apparatus for measurements at audio and radio frequencies. 
Many of these instruments are also particularly adapted for use 
at commercial frequencies and in direct current work. Chapters 
are devoted to condensers, resistance devices, inductances, 
bridges, frequency standards, oscillators, meters and trans- 
formers. General Radio Company, 30 State Street, Cambridge 
(39) Mass. 


NOTES OF THE INDUSTRY 


The Habirshaw Cable & Wire Corporation has removed its 
offices from 10 East 43rd Street to the Woolworth Building, 
233 Broadway, New York. 

The Lincoln Electric Company, Cleveland, Ohio, 
announces the opening of a San Francisco office at 533 Market 
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Street, in charge of W. S. Stewart. A complete line of ‘‘Linc- 
Weld” motors, ''Stable-Are" welders and aro welding supplies 
is being carried. L. P. Henderson, formerly of the Chicago 
office, has been transferred and put in charge of the Minneapolis 
distriet. Robert Notvest has been transferred from Kansas 
City to Indianapolis where he will have charge of the Indianapolis 
district. R. E. Mason has been sent to Kansas City to replace 
Mr. Notvest. N. L. Nye has been stationed at Akron, Ohio, 
under the direction of R. P. Tarbell, manager of the Cleveland 
distriet. 

Westinghouse Purchases Subsidiary Manufacturers.— 
Announcement has been made that Kaestner & Hecht Company 
will now be known as Westinghouse Electric Elevator Company 
and that the headquarters and plant of the new company will be 
located in Chicago. In 1926, the Westinghouse Company 
secured a controlling interest in Kaestner & Hecht Company, 
and considerably extended the scope of the business. District 
sales offices and service shops are already established in principal 
cities and more will be opened in the near future The com- 
pany will operate as & separate unit of the Westinghouse 
Electric and Manufacturing Company. 

High Voltage Transmission in Canada.—The highest 
transmission voltage in Canada has been started with the 
opening of the new Quebec section between Paugan Falls and 
Toronto, with operation at 220,000 volts. Twelve transformers 
for operation at 220,000 volts were supplied to the Gatineau 
Power Company by the Canadian General Electric Co., Ltd. 
Nine of these transformers are rated at 19,000 kv-a., 25 cycles, 
and step the generator voltage up from 6600 to 220,000 volts. 
The remaining three are rated at 20,000 kv-a., 25 cycles, and will 
be used to supply power to a 110,000-volt transmission system 
from the 220,000-voltline. The generating stations of the Gati- 
neau Power Company are approximately 250 miles from Toronto. 

F. R. Fishback, New Vice-President of NEMA.—F. R. 
Fishback, president of the Electric Controller & Manufacturing 
Company, Cleveland, has just been elected vice president in 
charge of the Apparatus Division of the National Electrical 
Manufacturers Association, according to an announcement 
from Alfred E. Waller, managing director of the Association. 
Mr. Fishback was elected to the office of vice president of 
NEMA at a meeting of the executive committee of the Board of 
Governors. He replaces N. A. Wolcott, resigned. Mr. Fish- 
back’s business experience with the Electric Controller & 
Manufacturing Company has been on the commercial side. He 
has held the position of sales manager and in 1924 was appointed 
vice president and secretary. The following year he was elected 
president, which position he now holds. As vice president of 
the Apparatus Division of NEMA, Mr. Fishback will represent 
a group which Includes about 85 per cent of all the manufac- 
turers of electrical apparatus and machinery in the country. 

Novel Type Generators for S. C. Power Company.— 
A contract for the powerhouse generators to be installed in 
the Saluda River hydro-electric development of the Lexington 
Water Power Company of South Carolina was recently awarded 
to the Westinghouse Electric and Manufacturing Company. 

The power plant will have an initial installation of 200,000 
horsepower and an ultimate capacity of at least 300,000 horse- 
power. Four turbines will first be installed, each of 50,000 horse- 
power capacity. They will be connected directly to Westing- 
house generators, each of which will have a rating of 40,625 kv-a. 
at 13,800 volts, and a speed of 138 revolutions per minute. The 
generators will be built at East Pittsburgh in the near future. 

Radically new design features will be found in these generators, 
such as the elimination of upper guide bearings and the construc- 
tion of the rotor in the form of an umbrella. The thrust bearing 
is to be mounted in the lower bracket, under the umbrella forma- 
tion of the rotor, instead of at the top, as is eustomary. 
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A MESSAGE FROM THE PRESIDENT 


A Few Thoughts Relating to Papers and Discussions 


HE recently issued revision of "Suggestions to Authors" prepared by 

our Meetings and Papers Committee and the Publication Committee 

contains two new suggestions that deserve the earnest attention not 
only of prospective authors but also of program committees. 

The first states that the introduction to papers should show briefly the rela- 
tion of the information in the paper to the advance of the art. By thus realizing and 
pointing out the justification for the baper. an author will usually approach his sub- 
Ject with a broader view and give to the paper a wider interest. 

It is mainly through technical papers. that the principal object of the 
Institute is attained; namely. the advancement of the theory and practise of 
electrical engineering and of the allied arts and sciences. The second an- 
nounced object, the maintenance of a high professional standing among its members, 
is certainly furthered by the advancement of engineers as useful and important 
members of society. 

Recognition of the engineer's usefulness and importance can come only if 
he and his work are understood, and this is determined in large measure by the 
manner in which he describes his work and its results. In the final analysis the 
value of his message, be it the story of an experience or the exploiting of an idea 
or an ideal, depends on its ultimate relation to human welfare and human prog- 
ress, both cultural and material. 

If then the author will keep in mind the human purpose of the information 
he is presenting, he will be much more likely to wina largeandattentiveaudience. 
The result should be a better understanding of the author and of his subject, 
and, incidentally, a more widespread and enhanced reputation for that engineer. 

Thesecond suggestionis found under Presentation of Papers. Authors with 
limited speaking experience will doubtless profit by practising the presentation of their 
papers before delivery at a meeting. Possibly the criticism of friends will be helpful. 

It is a fact that engineers as a class do not enjoy a very high reputation as 
interesting public speakers. Would not improvement in this regard be a 
material help toward a better appreciation of engineers? 

Discussion at meetings is also excellent practise, and program committees 
could well make special efforts to insure these contributions from the floor. 
Would it not stimulate efforts toward improvement if the sections adopted 
some scheme of giving recognition at each meeting to those two, three, or four 
who, in discussion, express themselves most clearly and forcefully? 

While engineers generally have little ambition 

"the applause of list'ning senates to command" 
it seems strange that they do not more often reflect in their public speaking that 
abhorence of waste and desire for high efficiency for whichthe profession is noted. 
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Some Leaders 
of the A. I. E. E. 


William S. Murray, a manager of the Institute 1908- 
1912 and its vice president 1912-1914, is a native of 
Annapolis, Md. In 1895 he graduated from Lehigh 
University, with the degree of Electrical Engineer, and 
that year entered the employ of the Westinghouse 
Electric & Manufacturing Company at East Pittsburgh 
as an apprentice, receiving 12 cents an hour and the 
privilege of carrying his dinner pail. 

With an ultimate objective of entering the consulting 
engineering field, during the following seven years 
Mr. Murray contacted with the manufacturing, testing, 
and engineering departments of that company, and in 
1898, he was sent to Boston as its district engineer 
in charge of the New England territory, with head- 
quarters at Boston. In 1902 he resigned from the 
Westinghouse Company, opening offices in Boston as 
a consulting engineer and practised there until 1905, 
when the New Haven Railroad called him as electrical 
engineer with headquarters at New Haven, to electrify 
their main lines out of New York City. This was the 
heaviest undertaking of its kind in the world, involving 
passenger, freight, and switching movements, costing 
approximately 25 millions of dollars, and occupying 
twelve years, during eight of which he was associated 
with his immediate superior officer, E. H. McHenry, 
then vice-president of engineering of the New Haven 
Railroad. For the last four years of that period, 
Mr. McHenry and Mr. Murray, each having resigned 
from the Railroad Company, operated under the firm 
name of McHenry & Murray, Mr. Murray accepting a 
new retainer with the New Haven Railroad as consult- 
ing engineer, reporting to the president, but with 
privileges to practise general electrification with Mr. 
McHenry. 

During all of this period Mr. Murray was very active 
in Institute affairs, in addition to his managership 
and vice-presidency serving as chairman of a number 
of its committees, principally those in the field of 
electric traction. The TRANSACTIONS between 1905 
and 1912 contain many of Mr. Murray’s papers 
and discussions, of which perhaps the three most 
important are: (1) The log of the New Haven electri- 
fication; (2) Electrification Analyzed and its Application 
to Freight and Passenger Operation; and (8) The Con- 
ditions Affecting the Success of Main Line Electrification. 
This last paper was originally presented before the 
Franklin Institute and for it Mr. Murray received its 
Howard N. Potts Gold Medal award. 

In 1917 Mr. Murray began to lay the foundation for 
his later investigations pertaining to the economic 
possibilities of regional interconnection of electric 
utility companies on the north Atlantic seaboard. 
This, in 1920, culminatied in his appointment by the 
Secretary of the Interior as Chairman of the Superpower 
Survey, the report on which was submitted to the 
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government that same year. It delineated the proper 
coordination, by interconnection of existing and new 
electric power and load centers of the territory between 
Boston and Washington and involved a study of the 
electrification of some 96,000 diversified industries, and 
36,000 mi. of heavy traction railroad within a zone 
in which there were then operating over 550 electric 
power stations. This report has been referred to 
as a classic in thee ngineering field— Mr. Hoover 
has mentionit as one in which ‘‘no hole has ever been 
kicked." 

Having had opportunity to judge of Mr. Henry 
Flood, Jr.’s abilities during the period he had served 
as Engineer-Secretary of the Superpower Survey, 
(to which office Mr. Murray appointed him). Upon 
the completion of the Superpower Report, Mr. Murray 
invited him into partnership. The firm of Murray & 
Flood has enjoyed an unusually fine clientele from many 
of the electric utility companies in this country from 
coast to coast. 

Mr. Murray believes in American initiative and 
advocates private, as against government, ownership 
of the American utilities. In his book "Superpower— 
Its Genesis and Future"—are statements that leave no 
room for doubt as to his position in this matter. 

The Saluda River hydroelectric project, which is now 
being constructed by the Lexington Water Power 
Company of Columbia, South Carolina, owes its exis- 
tence to Mr. Murray. Ona U.S. G. S. topographical 
map, he discovered the possibility of this development 
and confirmed it by a personal visit and survey of the 
territory. To control the situation, it became neces- 
sary for Mr. Murray to invest a very large part of his 
own savings in a charter, and to secure some of the lands 
necessary to the development. It was a challenge to 
his engineering and economic knowledge which he lost 
no time in accepting. Several avenues were open to 
finance the $20,000,000 development. With the Gen- 
eral Gas & Electric Corporation elected for this purpose, 
the project is now one-third completed. Perhaps one 
of the largest individual contracts for power, (if not 
the largest), was consummated by Mr. Murray for the 
annual delivery of 150,000,000 kw-hr. to the Carolina 
Power & Light Company from the Saluda development; 
delivery of power will begin September 1, 1930, and 
Murray & Flood are the engineers for the construction 
of the largest dam in the world across the Saluda River; 
a dam over 8000 ft. long, 208 ft. high and to contain 
11 million cu. yds. By it will be created a lake 35 
mi. in length with a width at one place of 14 mi. 


In honor of the discovery of this great power develop- 
ment, which will include an aggregate capacity of 
300,000 hp., the Legislature of South Carolina by 
a unanimous vote of its House and Senate, has 
named the lake “Lake Murray," forwarding its 
Concurrent Resolution to Mr. Murray under the seal of 
the state. | 
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Residual Voltages and Currents in Power 
Systems 


BY L. J. CORBETT! 


Member, A. I. E. E. 


Synopsis.—1n the problem of inductive coordination of power 
and communication systems, residual voltages and currents in the 
power lines are an important element; yet it 18 apparent that they 
are nol, in general, well understood. Studies have been made, and 
others are under way by well-equipped organizations, which will 


BALANCED AND RESIDUAL VOLTAGES AND CURRENTS 


N the ideal three-phase circuit, the vector sum of the 
voltages to ground of the phase wires is zero, and 
the vector sum of the currents in the three wires is 

also zero. In the practical three-phase circuit such is 
not the case. The vector sum of the voltages to ground 
of the phase wires is never quite zero, and the vector 
sum of the currents in the three wires is not zero. In 
inductive coordination studies, it is customary to divide 
the voltages to ground and the currents into “balanced” 
and "residual" components. 

The balanced voltages are those components of volt- 
age to ground which are equal in value and so related 
in phase that their vector sum is zero. 

The residual voltage is the vector sum of the voltages 
to ground of the phase wires. It is equivalent to a 
single-phase voltage impressed between the three wires 
in multiple and ground. 


The balanced currents are those components of the 
currents in the wires whose vector sum is zero. They 
are confined to the wires of the circuit and their alge- 
braic sum, from instant to instant, is also zero. 


The residual current is the vector sum of the currents 
in the three phase wires. It is equivalent to a single- 
phase current in a circuit consisting of the three wires 
in multiple as one conductor and ground as the other. 


In recent terminology the balanced components are 
those of positive and of reverse phase sequence, the 
residual being a zero-phase sequence component. 


The effects of balanced voltages and currents can be 
neutralized to a large extent by the use of suitably 
coordinated transpositions in the power and telephone 
cireuits. "The effects of residual voltages and currents 
are cumulative along an exposure, bringing the poten- 
tial of the telephone line and equipment to a relatively 
high value above ground. Induction from these com- 
ponents obviously is not affected by transpositions in 
the power circuit. | 


l. Assistant Engineer, Pacific Gas and Electric Company, 
San Francisco, Calif. 

Presented at the Pacific Coast Convention of the A. I. E. EB., 
Spokane, Wash., Aug. 28-30, 1928. Complete copies upon request. 


add much to the data concerning them. In this paper the general 
principles which apply are reviewed briefly and applied to typical 
power circuits and networks, and oscillograms are shown which 
verify the theory presented. 

* 


* * * * 


GENERATOR WAVE FORM 


The type of wave of voltage striven for in the design 
of a-c. generators is the pure sine wave. This in im- 
possible of exact attainment, but a very close approxi- 
mation is reached in modern designs. In the Standardi- 
zation Rules of the Institute a limit is set for the devia- 
tion factor, a measure of the deviation of the actual 
open-circuit terminal voltage wave of a synchronous 
machine from a pure sine wave. 

Actually certain harmonics are present in the genera- 
tor wave in varying amounts, If the positive lobe of 
the wave is identical with the negative lobe, only odd 
harmonics are present. The tendency is for the higher 
harmonics to be damped out in the impedance or magni- 
fied slightly in the capacitance of the circuit to which 
the generator is connected. At times certain harmonics 
are carried through one or two transformations and can 
be detected from their inductive effects.on paralleling 
communication circuits. 


TRANSFORMER EXCITING CURRENT 


The chief cause of higher harmonics in a power system 
is the exciting current of the transformers. Even if 
the generator wave is a pure sine wave of voltage, the 
exciting current demanded by the transformers will 
contain higher harmonics superposed on the funda- 


mental wave if the circuit will permit their flow. If 


it will not, the deficiency shows up as higher harmonics 
in the voltage wave. 

The exciting current of the single-phase transformer 
contains a pronounced third harmonic, an appreciable 
fifth, and higher harmonics in varying amounts. 
Working the iron at high saturation increases the magni- 
tude of the harmonics, also bringing out some of the 
higher ones which are not noticeable at low densities. 


TRAMSFORMER CONNECTIONS 


When transformers are connected in banks on a three- 
phase system, certain connections permit the flow of 
harmonic currents, and others do not. It is not in- 
tended here to repeat analyses of a large number of 
possible combinations, but to emphasize the relations 
existing on a few of the types commonly used. An 
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elemental system supplied from one generator is shown 
in Fig. 4. 
GENERATOR 


Present practise favors the Y connection for three- 
phase generators, with neutral grounded either solidly 
or through a resistance. This limits the insulation 
strain on the windings definitely to the Y voltage. It 
is somewhat easier to obtain a good wave form with 
this than with the delta connection. 


STEP-Up TRANSFORMERS 


Practise also favors the delta connection for the pri- 
mary of the step-up transformer bank. In this con- 
nection, a sine wave of voltage between conductors 
will result in a peaked wave of magnetizing current, 
the necessary third-harmonic currents being in phase 
in each transformer, and thus circling around in the 
closed delta with very low impedance. The secondary 
voltage will then be free of third-harmonic components. 

If harmonics other than the fundamental are present 
in the wave of applied voltage, the same considerations 
as noted regarding the third-harmonic current apply 
to the third multiples of the other harmonics; such as 
the 9th, 15th, 21st, 27th, 33rd, ete., which will be 
represented in the delta current, as these will be re- 
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voltage or current, will be three times 120, or 360, deg. 
apart; in other words, in phase with each other. With 
the ground connection on the neutrals of both step- 
down and step-up banks, a path is provided for these in- 
phase components of the magnetizing current. The 
third-harmonic currents demanded in each leg of the 
step-down bank cannot pass out to the line through the 
other two legs of the Y, but they can pass through the 
neutral connection and ground to the neutral of the 
step-up bank, and through the Y-connected secondary 


- windings of that bank to the line, thus finding a closed 


path. The delta-connected primary windings of the 
step-up bank allow rather free circulation of any third- 
harmonic currents necessary to offset those demanded 
by the step-down bank. The “triples” thus find in 
that bank a low-impedance portion of their path, the 
rest of it consisting of the loop formed by the three 
conductors in parallel and the ground, and the bank 
demanding them. 

The third-harmonic currents thus form the chief 
portion of the residual current. Other important 
components are the 9th, 15th, 21st, etc., harmonics, 
if the 3rd, 5th, and 7th harmonics were present in the 
voltage wave. The term ''triples" applies to all such 
components 
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Generator 


quired in' the magnetizing current in order that the 
3rd, 5th, 7th, 9th, 11th, etc., components of the primary 
voltage may faithfully be passed on to the secondary 
side. 

The secondary or line side of the step-up transformer 
bank is usually connected Y, with grounded neutral. 
As in the case of the generator, this adds to safety and 
reliability of operation by limiting the voltage from 
line to ground definitely to the Y voltage. Thus far, 
on our typical system, if we started with a good one 
at the generator, we have a good wave form of voltage 
on the line. 


STEP-DOWN TRANSFORMERS : 


Again practise favors the Y-grounded connection 
for the line side of the step-down bank,—in this case the 
primary side. With practically a sine wave of voltage 
applied, these transformers demand the harmonics 
required in the magnetizing current in order to produce 
the same type of voltage wave. Each transformer 
therefore will draw from the line, if the connections 
permit, current of 3rd, 5th, "th, 9th, 11th, ete., har- 
monics of the fundamental frequency. 

Taking the 3rd harmonie as of major importance in 
this analysis, it will be recalled that in a three-phase 
system, the third-harmonic components, either of 
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Load Bank, IY/IY 


Those harmonics of exciting current whose designat- 
ing number is not divisible by 3, such as the 5th, 7th, 
11th, 13th, etc., are supplied over the line, and, like the 
fundamental, the resultant for each is zero. They, 
with the fundamental, form the balanced components 
of the current. 

Practically, the voltage wave is not of perfect sine 
form; transformers are not always exactly alike; load 
is not always balanced; unequal leakage from the con- 
ductors to ground takes place; the capacitances from 
conductors to ground are not always equal. All of these 
factors contribute to add small amounts of fundamental 
and other odd harmonics to the residual current, but 
those mentioned, the 3rd, 9th, 15th, etc., predominate. 


LOAD BANK 


The load bank in Fig. 4 is represented as connected 
Y-Y, with isolated neutral. In this type of connection, 
the triple-harmonic currents demanded by the exciting 
current of the transformers cannot flow, as no path is 
provided for them. The deficiency of third harmonic 
in the magnetizing current appears as a third harmonic 
in the secondary voltage and distortion of the applied 
voltage wave. The same is true of the other harmonics 
which seek the neutral path,—the 9th, 15th, 21st, etc. 
As in the case of the currents, these harmonics combine 
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into a residual voltage by which the isolated neutral 
differs from ground potential. This difference is 
superposed upon the various phase-wire voltages from 
ground, and there results a residual electrostatic field 
in the medium surrounding the conductor which varies 
with the frequency and resultant magnitude of these 
harmonics. 

As in the case of the currents, those harmonics of 
voltage whose designating numbers are not divisible by 
three,—such as the 5th, 7th, 11th, 13th, etc., appear on 
the different conductors, but their resultants are each 
zero. 

If the load bank is connected Y-Y with the primary 
neutral grounded, the third-harmonic currents required 
for magnetization can come only from the step-down 
bank, through the conductors and ground return. In 
order to supply them, the step-down bank must draw 
upon the step-up bank with its delta-connected primary. 
Thus the load bank increases the residual current in 
the line back to the source which can furnish them. 

If the secondary of the load bank is connected delta, 
and the ground on the primary neutral is removed, 
no third-harmonic currents can flow in the primary, 
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and the secondary voltage wave and the primary wave 
of back e. m. f. tend to become distorted. However, 
at the slightest appearance of a third-harmonic in 
the delta voltage, a third-harmonic current flows in 
the closed delta and supplies the deficiency in magneti- 
zation, so that the voltage waves remain smooth except 
for the small amount of triple-harmonic necessary 
to overcome the triple-harmonic impedance. 

If the primary neutral is grounded, the secondary 
being delta-connected, nearly all the third-harmonic 
magnetizing current will be supplied by the secondary 
delta. Some, however, will be supplied to the primary 
over the line from the source through the step-down 
bank. The relative amount of third-harmonic current 
supplied by the secondary delta and the line will 
depend upon their relative impedances. The delta 
secondary path will have, in general, a very low im- 
pedance compared to the line path, so that there will be 
very little residual current in, or voltage on, the line 
between the load bank and the step-down bank. 


TERTIARY WINDINGS 
If separate windings are added to the transformers 


of the step-down bank, and connected delta, most of the 
triple-harmonic currents required for the excitation of 
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that bank and of the load bank will be supplied in the 
delta circulating current, so that the line back to the step- 
up bank will be comparatively free of residual current. 
The division will depend upon the relative impedance. 
If the delta is of large kv-a. capacity with low impedance 
it will be more effective in this regard than if of small 
kv-a. capacity with high impedance. 


POWER NETWORKS 


The usual power system is not so simple as the ele- 
mental one used for analysis. Most systems have 
more than one power station with more than one 
generator and transformer bank at each feeding 
the system at different points and into multiple lines. 
When some of the transformers are connected Y- 
grounded on both sides, some with tertiary-delta 
windings, some Y-delta, some delta-delta or delta-Y, 
it is rather difficult to trace out fully the course of the 
residual currents, which is further complicated by 
variations due to system changes. 

However, by analyzing the conditions from the 
fundamental principles just treated, at least the general 
features of any problem can be determined, and reasons 
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9—'TyPiCAL SYSTEM NETWORK 


deduced for any partieular conditions encountered. 

In Fig. 9 a more complex condition is presented. 
A and B are power plants not far apart feeding into 
twin transmission lines. At C is a station with step- 
down auto-transformer banks with delta-tertiary wind- 
ings which are connected to synchronous condensers. 
Another power plant feeds in at D, and at E, F, G, and 
H are step-down stations serving communities and 
industries. 

The delta-Y-connected plants deliver a good wave 
form of voltage to the line. The Y-connected auto- 
transformers at C, if the tertiary delta is of sufficiently 
low impedance, will furnish practically all the triple har- 
monies needed by those banks whether the condensers 
are on or not. The Y-Y grounded banks at E will 
require triples for their magnetizing current. They will 
draw them from the banks with deltas in them, at 
D and C, the relative amounts depending upon the im- 
pedance of the paths to these sources. The banks at F 
with delta tertiaries will supply practically all their own 
triples unless the tertiary impedance is high, in which 
case, part of them will be furnished from D and C also. 

The bank at G, being delta-connected on the primary, 
will not affect the situation regarding triples at all. 
The bank at H, connected Y-Y with grounded neutrals, 
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will require triple harmonics of current. The bank at 
G cannot supply them; so they must come from F, and 
possibly some must come from D and C. 

If a power network is well supplied with banks having 
delta windings, the residual currents are reduced to 
low values. The most effective means for their sup- 
pression is to have the delta in the bank itself, either 


NE. 
Bank No. 1 Bank No. 2 Bank No. 3 
Fic. 15—CoNNEcTIONS FOR REGULATION OF RESIDUAL 
CURRENTS 


as a delta connection on primary or secondary, or as a 
tertiary winding, if it is a Y-Y bank. At a station 
where there is a number of banks, the use of such wind- 
ings in one or two of the banks will serve for all practical 
purposes,— while the banks so equipped are in service. 


SUPPLEMENTARY Y-DELTA BANKS FOR SUPPRESSING 
RESIDUALS 

Some engineers have preferred to install supplemen- 

tary banks of relatively small transformers connected 

Y grounded on the primary, and delta, on the secondary 
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16—NEUTRAL CURRENTS WITH DELTA OPEN 


‘Fop curve is neutral current, bank No. 2 to bank No. 3. Middle, neutral 
current, bank No. 1 to bank No. 2. Bottom, line voltage, 220 volts 


side, where suppression of residual currents and voltages 
was required. Such a bank will do its share of the task 
of furnishing triple-harmonic components of magnetiz- 
ing current, its effectiveness being in inverse ratio to its 
impedance compared to other available paths. In the 
individual case, the effectiveness desired and the com- 
parative cost of the separate bank and the addition 
of tertiary windings on the main bank, including in- 
stallation, will govern. 

Such a bank is most effective if connected to the same 
line as the main bank, or banks, rather than on the 
secondary lines. In the latter case, the additional 
impedance of the main bank, or banks, is added in the 
path of the necessary compensating harmonic currents. 

LABORATORY 'TESTS 


In order to check some of the features outlined re- 
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garding banks of single-phase transformers, an interest- 
ing series of experiments was conducted in the labora- 
tory of the Pacific Gas and Electric Company at 
Emeryville, Calif., with three banks of 1-kw. trans- 
formers, using the 110-volt windings as primary and 
secondary and taping up the 2300-volt terminals, except 
that in some of the experiments the 2300-volt windings 
of one bank were used as a closed delta. By confining 
attention to the exciting currents the relative values of 
the harmonic currents were appreciably large. A 
number of conclusions was determined by the tests, 
which substantiated the theory presented. 

A Y-Y grounded bank will not send out triple-har- 


Fic. 18—NeEvuTRAL CURRENTS WITH DELTA CLOSED SOLID. 
PuHase or Harmonic Current, Banx No. 2 ro Banx No. 3 
REVERSED 


Top curve is neutral current, bank No. 2 to bank No. 3. Middle. 
Neutral current, bank No. 1 to bank No. 2. Bottom: Line voltage, 220 
volts 
monic currents on the secondary side to pure-resistance 
loads if there is free circulation of the triple harmonics 
required on the primary side for excitation. If the 


. latter are suppressed, causing triple harmonics of volt- 


age on the secondary side, there will be triple-frequency 
components in the load current. 
Another matter determined was the action of a delta 
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19—ReEsIDUAL CURRENTS SUPPRESSED BY 
SUPPLEMENTARY BANK 
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secondary (or tertiary) winding, in supplying a part 
only, all required, or an excess of triple-harmonic 
current over that required in the same bank. The con- 
nections for this test were as shown in Fig. 15, the 
transformers in the first two banks in this case being 
connected as auto-transformers, the delta in the first 
bank consisting of the 2300-volt windings. 

With the delta of bank No. 3 completely open, the 
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oscillograph was set so that one wave of each of the 
neutral currents and the 60-cycle line voltage were in 
phase as shown in Fig. 16. 


By adjusting the resistance in the delta it was possible 
to reduce the neutral current to practically a funda- 
mental-frequency wave. 


When the delta was closed completely, it not only 
supplied all the triple-harmonic current required by its 
own bank, but aided in filling the demands of bank No. 2. 
This may be noted from Fig. 18, where it will be seen 
that the residual current has completely reversed in 
phase between the second and third banks. 


FIELD TESTS 


A very similar arrangement was set up in the field at a 
substation connected to a line which had given trouble 
from residual currents. The conditions were as indi- 
eated in Fig. 19. An auto-transformer bank at A 
contained a delta, but at B, the voltage was stepped 
down from 60,000 to 11,000 volts through a Y-Y bank 
with neutrals grounded. The 11,000-volt line supplies 
two stations also equipped with Y-Y banks transforming 
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from 11,000 to 4000 volts. A parallel existed between 
B and C on the 11,000-volt line. 

A supplementary bank of about 25 per cent of the 
capacity of those at C or D was installed at C. connected 
Y-grounded on the primary, and delta on the secondary 
side, with an adjustable resistance across one corner of 
the delta. With the delta open the triple-harmonic 
currents were supplied from A through bank B for the 
banks at C and D. It was possible to vary the resis- 
tance till the residual current in the line was approxi- 
mately all fundamental, but due to system variations 
and lack of facilities to observe and make the exposure 
at the same time, no oscillogram of this condition was 
obtained. A complete reversal was noted, indicating 
that when the delta was closed, the supplementary 
bank, supplied the triple-harmonic currents required 
by its own primary windings, by the large bank at C, 
by the bank at D, and a portion of those required 
by the bank at B. This corresponds to the results 
obtained in the laboratory on the somewhat similar 
set-up shown in Fig. 15, in which the conditions were 
more easily controlled. 


Iron and Steel 
ANNUAL REPORT OF COMMITTEE ON APPLICATIONS TO IRON AND STEEL* 


To the Board of Directors: 


Your committee is pleased to present the following 
statement covering the progress of development in 
applications in the iron and steel industry during the 
year ending July 31, 1928. 

Constantly during this period, the iron and steel 
industry has added to its general electrical equipment. 
These general additions have been towards the moderniz- 
ing of existing installations quite as much as anything, 
and all effort is directed steadily towards reduction in 
production costs by addition of improved machinery. 

'The tendency to increase blast furnace equipment is 
not present, and this may be said to be true generally 
of the fundamental processes of smelting iron ore, 
in coverting iron into steel or in rolling the steel into 
the primary shapes. Such electrical additions as have 
been made in the foregoing are in the nature of changes 
of older equipment to modern. 

The principal interest during the current term has 
been in the finished product mills, which we shall term 
the secondary mills. 

Predominant in this regard are installations in strip 
mills and in cold rolling, these electrical installations 
being modern and recording definite advance in the 
production of hot strip steel and in cold-rolled strip. 


APPLICATIONS TO IRON AND STEEL PRODUCTION: 
A. G. Pierce, Chairman, 
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Close regulation of the mill drive is required and to 
give this, motors and control have been developed and 
installed. Micrometric adjustment of the rolls has 
been obtained through motors and control specially 
designed for the purpose. The reeling of the strip 
steel has been accomplished automatically by mechan- 
ical tools, electrically driven and controlled. This 
accomplishment marks a definite advance in the pro- 
duction of perfect strip steel. 

Steady improvement in detail of motors and control 
for such service is shown in the apparatus installed, 
and this is marked rather than any positively new 
product of our industry. 

Throughout the term, your committee has kept in 
touch with the proceedings and personnel of the Asso- 
ciation of Iron and Steel Electrical Engineers. It has 
been the committee’s purpose to help the Association 
as it might, and its Proceedings are referred again to 
the Institute as the most complete record available of 
electrical developments in the iron and steel industry. 

In conclusion, your committee commends the plan 
of keeping continually in touch with the Association 
of Iron and Steel Electrical Engineers, giving it service 
wherever possible and bringing to the Institute its 
reports and findings, with suitable recognition. Your 
committee just concluding its services takes this means 
of acknowledging and expressing appreciation of the 
assistance rendered by these reports for the current 
term, as well as by the constant contact with repre- 
sentatives of the Association. 


A. G. PIERCE, Chairman. 
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Arrangements of Feeders and Equipment 


for Electrified Railways 
BY R. B. MORTON: 


Fellow, A. I. E. E. 


Synopsis.— This paper outlines the general requirements govern- 
ing arrangements of distribution system and substation equipment 
for electrified railways. By way of illustration, it presents a 
general description of the conversion and distribution facilities as 


INTRODUCTION 


UBSTATION equipment necessarily includes con- 
version apparatus required to translate the power 
received over transmission lines into suitable 

form for delivery to the contact system. Such appara- 
tus is usually provided in units so proportioned as to 
load capacity that the outage of any one unit will not 
place limitations to the movement of traffic. 

Switching equipment must be provided which, in the 
event of short circuits, will quickly and automatically 
interrupt the supply of power, and so confine the effect 
of .such interruption as to cause the least practicable 
disturbance to movement of traffic. 
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Pennsylvania Railroad —Paoli-Chestnut Hill Electrfication 


1—ScHEMATIC DIAGRAM OF TYPICAL SUBSTATION 


The several examples of railway electrification, to 
which reference is made in this paper, are of a type 
utilizing the single-phase a-c. system of traction. 


There may be said to be at least four rather distinct 
methods of arranging the switching equipment in sub- 
stations, namely: 

1. An arrangement which provides for switching, 
under load, the transmission circuits, high and low sides 
of transformers, and trolley feeders, as in the case of 


1. Project Engineer, Gibbs & Hill, New York, N. Y. 
Presented at the Summer Convention of the A. I. E. E., Denver, 
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recently installed in the electrification of the New York Connecting 
Railroad-Long Island Railroad to Bay Ridge, and in the electrifica- 
tion, now nearing completion, of the Philadelphia-Wilmington and 
West Chester lines of the Pennsylvania Railroad. 


the original Paoli-Chestnut Hill electrification of the 
Pennsylvania Railroad (Fig. 1). 

2. An arrangement which provides for switching on 
the high tension side only for controlling both trans- 
mission and trolley circuits, as in the case of the Vir- 
ginian Railway (Fig. 2). 

3. An arrangement which provides for switching, 
under load, the transmission, and trolley feeder circuits, 
but not the transformers, as in the cases of the original 
electrification of the Elkhorn Grade on the Norfolk 
& Western Railway (Fig. 3) and the New York Con- 
necting-Long Island Railroads (Fig. 5). 

4. An arrangement which provides for switching 
under load, on the low-tension side only, for controlling 
both high-tension and low-tension circuits, the trans- 
formers being switched and regarded as a part of the 
transmission system, as in the case of the recent 
Pennsylvania Railroad Suburban and Through Elec- 
trification (Fig. 7). 
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Fic. 2—DiAGRAM oF TypicaL Step-Down AND BALANCER 


SUBSTATIONS 


Virginian Railway Electrification 


An example of simplified substation switching equip- 
ment will be noted in the electrification of the Virginian 
Railway. This system has been described in detail in 
a paper? recently presented before the American 
Society of Civil Engineers. In a typical substation 
serving the single-track portion of this railroad, there 
are provided three oil circuit breakers. Two of these 
are high-tension breakers, interposed between the trans- 
mission lines and the step-down transformers, while 


2. Proceedings, A. S. C. E., Jan. 1928, p. 3. by George Gibbs, 
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the third is a low-tension breaker, serving to equalize 
the load on the transformer secondaries, or, in the event 
of one of the transformers or one of the‘transmission 
lines being out of service, serving to feed both trolley 
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Fic. 3—ScnuEgMATIC DIAGRAM—MAYBEURY SUBSTATION 
Norfolk & Western Railway—Elkhorn Grade Electrification 


sections from one transformer. Fig. 2 shows diagram- 
matically the arrangement of power connections. 

The electrification of the New York Connecting 
Railroad-Long Island Railroad to Bay Ridge, com- 


Fic. 


4—Map or ELECTRIFIED SYSTEM 


New York Connecting Railroad—Long Island Railroad—Bay Ridge 
Improvement 


pleted and placed in operation during the summer of 
1927, may be taken as illustrative in the arrangement 
of its feeders and substation equipment. A general 
description of these features may be of interest. 


NEW YORK CONNECTING RAILROAD-LONG ISLAND 
RAILROAD TO BAY RIDGE 


This electrification covers a route 20 mi. in length, 
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extending from a freight terminal yard at Bay Ridge, 
Brooklyn, to a point of connection with the Harlem 
River Division of the New York, New Haven & Hart- 
ford Railroad at Port Morris, Borough of the Bronx 
(Fig. 4). 

With the exception of a few passenger trains daily 
over the Hell Gate Bridge route, which service was 
inaugurated in 1917, traffic consists of through freight 
trains operated by the New Haven Railroad between 


pru ae. 


Ovi Cire? 
breokers 
Feeder Bus 


Motor Operated Horn Gap Switches 
Chote Cos 
Reil Return 


3000 KVA. Auto -Trens for oer ——— 
POL A A 


Fia. 


New York Connecting Railroad—Long Island Railroad—Bay Ridge 
Improvement 


5—ScHematTic DiAGRAM—"'NO" SUBSTATION 


Bay Ridge and Port Morris, way freight and through 
freights operated by the Long Island Railroad between 
Bay Ridge and Fresh Pond Junction, and yard switching 
at Bay Ridge and New Lots. 

Power Supply. The system of electrification is 


Mest Chester 


Fia. 


6—MaP or PHILADELPHIA SUBURBAN ELECTRIFICATION, 
PENNSYLVANIA RAILROAD 


fundamentally an extension of the New Haven elec- 
trification, with 11,000-volt trolleys and 11,000-volt 
feeders of opposite polarity, forming a 22,000-volt, 
three-wire system. At present, power for operation is 
received from the New Haven system, which in turn is 
supplied principally from its own generating station 
at Cos Cob, approximately 42 mi. from Bay Ridge, 
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and also in part from purchased power delivered to the 
New Haven at West Farms, Devon, and New Haven. 
Substations. A total of six auto-transformer stations 


Clec Remote Controlled Sanitech 
Trohey Sectron Breaks 


4500 LUA. "dion 


Dens former “Lu 
R E perh] 
: |^ mm mm am m SD mmm mm s ge il a 
Poren hif edid weet 
Fens : Jo Pole Oi! Cn 
=% Mhd- point of Peck A4 
Pnpedance Bonds Thigh Speed Wolley Carcort Bresters 
= ABE ee T3 From 
In mete D 42 FV Terminen Lines | 5 
> OAO —— — ——————m ier 32€ easter 
` >q m 
132 KV Air Seetioneliting Switches 


Fra. 7—ScnHEMATIC DiAaram—BELLEVUE SUBSTATION 
Pennsylvania Railroad—Philadelphia Suburban Electrification 


have been provided, separated by an average interval 
of 3.8 mi. The locations of these substations, number 
and size of transformers, and number of trolley and 
feeder circuit breakers in each are as follows: 


Auto- Trolley Feeder 

Location transformers breakers breakers 
Bungay Street............. 1—-3000 kv-a 5 6 
Bowery Bay............... 1—3000 kv-a 9 6 
Fresh Pond................ 1—3000 kv-a 9 6 
New Lots ("NO").......... 1— 3000 kv-a 9 6 
Manhattan Beach Jct....... 1—8000 kv-a 7 8 
Fourth Ave., Bay Ridge. ...| 2—3000 kv-a. 6 4 


The transformers are of the outdoor type, self-cooling, 
and have a turn ratio of 22,000:11,000 volts. The 
rating as an auto-transformer corresponds to a coil 
rating of 1500 kv-a. for each half of its winding. The 
transformers are capable of carrying 150 per cent of 
rated load for one hour, following continuous rated 
load, and this followed by 300 per cent of rated load for 
five minutes. 

The transformers are connected to trolley and feeder 
buses through two-pole, 22,000-volt motor operated 
horn-gap switches. 

A schematic diagram of. one of the substations, indi- 
cating the arrangement of connections of trolleys and 
feeders, is shown in Fig. 5. It will be noted that at this 
substation, two of the four feeders are tapped and the 
other two are looped. At the next adjacent substations, 
the order is reversed. 

All auto-transformer substations are unattended. 
The circuit breakers and motor-operated horn-gap 
switches in each substation are controlled from a panel 
mounted in a signal interlocking tower nearest to that 
station. In the case of Bowery Bay Substation, it was 
necessary to utilize a system of superv sory control 
from Bungay Street tower, a distance of three and a 
half miles. 

Distribution System. The feeder side of the three- 
wire distribution system comprises four 4/0 copper 
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conductors extending the entire length of the line, as 
far as Bay Ridge substation. "These feeders are carried 
on pin type insulators of 45,000-volt service rating. 
Between Fresh Pond and East New York is a four-arch 
tunnel, 3500 ft. long, in the outside walls of which are 
banks of cable ducts. Through these ducts four paper- 
insulated, lead-sheathed eables of 350,000 cir. mil, are 
used. 

The trolley system for all main running tracks com- 
prises a 4/0 bronze contact wire, 65 per cent conduc- 
tivity, reinforced by a 4/0 copper auxiliary, supported 
by a 19-strand messenger of 54-in. diameter, of high- 
strength bronze. In yard construction the copper 
auxiliary is omitted. 

Track Return. All rail joints on main tracks are 
single bonded with a No. 1 bond, gas welded to the head 
of therail. In yard tracks one rail only is bonded. 

The three-wire system of distribution was selected for 
the New York Connecting Railroad-Long Island Rail- 
road, Bay Ridge line, mainly for the reason that this 
electrification is fundamentally an extension of the 
existing electrification of the New York, New Haven & 
Hartford Railroad. "The distances from the sources of 
power are considerable, but are within the range of 
economical transmission for the voltage employed. 


PHILADELPHIA SUBURBAN ELECTRIFICATION OF THE 
PENNSYLVANIA RAILROAD 


The electrification of Maryland Division main line 
from Philadelphia to Wilmington, Del., a distance of 
about 27 mi., and of the Wawa Branch to West Chester, 
a distance of about 26 mi., is now nearing completion 
(Fig.6). Approximately 105 mi. of electrified track are 
involved in the main line work, and approximately 50 
mi. in the Branch. 


Substations have initially been equipped for supply- 
ing power for the operation of multiple unit trains only, 
but the Wilmington line has been designed to later form 
a part of through electrification between New York and 
Washington, with locomotive operation of main line 
freight and passenger services. 


Power Supply. Power for the electrification is 
supplied by the Philadelphia Electric Company at 
13,200 volts, 25 cycles, single-phase, delivered on the 
bus bars of the Railroad Company's step-up station at 
Lamokin Street, Chester. "Three self-cooled single- 
phase transformers of 15,000-kv-a. continuous rating 
are provided for stepping up this power to a trans- 
mission potential of 132,000 volts. This transmission 
potential was selected by reason of the large amounts of 
power which will be required for the ultimate through 
electrification, and the considerable distances to be 
covered. 


Initially, two transmission circuits of 4/0 copper are 
provided, which are supported on the catenary struc- 
tures. Ultimately it is planned that the number of 
transmission circuits along the main line may be in- 
creased to four. 
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Substations. A total of nine substations is provided 
in which the power is stepped down to a trolley potential 
of about 11,000 volts. The locations of these stations, 
number and size of step-down transformers, and the 
number of trolley circuit breakers in each, are as follows: 


Trolley 
Location Transformers breakers 
Wilmington............ 2—4500 kv-a. 4 
Bellevue............... 2—4500 kv-a. 10 
Lamokin............... 2—4500 kv-a. 10 
Glenolden.............. 2—4500 kv-a. 8 
Arsenal Bridge......... 2—4500 k v-a. 9 
Morton................ 2—4500 kv-a. 4 
Leünl..... o or s 2—4500 kv-a. 3 
Cheyney............... 1—4500 kv-a. 1 
West Chester........... 2—4500 kv-a. 1 


The average interval between substations is 6.4 mi. 


It is planned that the number of step-down trans- 
formers in each of the substations serving the main 
line may ultimately be increased to four. 

The transformers are self-cooling and are capable of 
carrying continuous rated load, followed by 150 per 
cent of rated load for two hours, followed by 300 per 
cent of rated load for five minutes. 

A schematic diagram of one of the substations, indi- 
‘eating the arrangement of connections, is shown on 
Fig. 7. 

A feature of these substations, as well as of the 
step-up substation, is the absence of oil circuit breakers 
in the high-tension side. 

In the step-up substation oil circuit breakers are 
provided in the low-tension side of the transformers, 
giving automatic protection in the event of transmission 
line fault. The transformers are connected on the high- 
tension side to outgoing transmission lines through 
two-pole 132-kv. air sectionalizing switches, remote 
electrically controlled, which are not to be opened under 
load but are capable of interrupting transformer excit- 
ing current. 

In a similar manner, the transformers in each of the 
step-down substations are connected to the high-tension 
lines through air sectionalizing switches, and the low- 
tension side of each is connected to trolley and rail 
buses through a two-pole oil circuit breaker, arranged 
for automatic tripping on reverse power, on unbalanced 
voltage on the high-tension side, or by differential 
protection against failure on the trolley bus or within 
the transformer. A fault on any part of a 1382-kv. 
transmission circuit will trip out of service one trans- 
former in the step-up station and one transformer in 
each step-down station which is served by the trans- 
mission line on which the fault occurs. Such an outage 
should not affect train operation, as sufficient trans- 
former capacity remains in each substation to handle 
maximum expected loads. If the transmission line 
fault is to ground only and does not involve the oppo- 
site conductor, the flow of current through the earth, 
back to the step-up station is limited to about 200 
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amperes by a neutral resistance connected to the mid- 
point of each step-up transformer. 


Trolleys are sectionalized at each substation and each 
trolley section is normally fed from each end. Trolley 
circuit breakers are designed to open under short cir- 
cuit within an interval of time not exceeding 1/25 sec. 
The rupturing capacity of these circuit breakers is 
50,000 amperes. This high value of rupturing capacity 
was required with a view to ultimate conditions as to 
transformer capacity at step-up and step-down sub- 
stations. "This installation represents the first use on 
any extensive scale of quick opening circuit breakers 
in a-c. railway electrification, and it is expected that 
inductive disturbances and damage to overhead wires 
and insulators resulting from trolley short circuits will 
be minimized by the quick acting feature. 

At each substation there is provided a small building 
to house a control storage battery and charging equip- 
ment, protective relays and oil conditioning apparatus. 
All other equipment is of outdoor type. 


Substations are unattended, and are controlled from 
a panel containing control switches and indicating 
lamps placed in signal interlocking towers or other 
points continuously attended. Certain substations on 
the West Chester branch are so remote from a continu- 
ously attended tower that it was necessary to provide 
supervisory control for these substations, utilizing wire 
circuits in an aerial cable along the right-of-way. 


Contact System. The contact system for all main 
running tracks comprises a 4/0 bronze contact wire, 40 
per cent conductivity referred to copper, reinforced by 
a 4/0 copper auxiliary, supported by a 19-strand bronze 
messenger of 5-in. diameter, of high strength and 
relatively low conductivity. In yard construction the 
copper auxiliary is omitted. 

Track Return. All rail joints on main track are 
double bonded, not for conductivity but to minimize 
signal failure due to broken bonds. A major portion 
of the trackage is bonded with No. 1 bonds, gas welded 
to the head of the rail, and on the remainder of the 
work No. 1/0 bonds with expanded pin terminals are 
used, installed where possible under the joint plates. 

The type of system of transmission, conversion and 
distribution adopted for the Philadelphia-Wilmington 
electrification gives a high degree of selectivity in the 
automatic tripping of circuit breakers in the event of 
short circuits, and is adaptable to future extensions over 
considerable distances and to such increase in installed 
capacity as will be required for the future operation of 
through freight and passenger traffie. The West 
Chester line was equipped in a manner similar to the 
Philadelphia-Wilmington line, partly for the sake of 
uniformity of apparatus, and partly because in connec- 
tion with future extensions of the electrification on the 
main line to the west and elsewhere, the 132-kv. trans- 
mission lines will ultimately be used as a part of a trans- 
mission network. 
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Electric Conduction in Hard Rubber, 


Pyrex, Fused and Crystalline Quartz 
BY HUBERT H. RACE: 


Associate, A. I. E. E. ° 


Synopsis.— The study of physical and electrical characteristics of 
insulating materials is of growing importance to the electrical indus- 
try because of the ever-increasing potentials employed in electric 
 enerating and distributing equipment. The particular problem 
presented in this paper is related to engineering practise because 
polarization and conduction both result in the conversion of electric 
energy into heat. This produces increased local and general heating, 
which may be contributing causes to the progressive deterioration and 
final breakdown of the insulation. The constant potential method 
explained in this paper provides a means for studying the inherent 
voltage-current-time relations which are masked in experiments 
using alternating applied potential. 


APPARATUS AND PROCEDURE 


A. New Method of Measurement. 

Previously the most precise measurements of the 
extremely small currents obtained in d-c. tests on good 
solid dielectrics have involved the use of a quadrant 
electrometer as a quantitative measuring instrument. 

The erratic shifting of the zero point and changing of 
the sensitivity of an electrometer led the writer to 
devise a method of measurement which uses the elec- 
trometer as a null indicating device, so that changes in 
sensitivity do not affect the results. The method used 
is convenient and accurate for a range from 10-” to 
10-8 ampere, when the current is changing by only a 
very small percentage over a period of ten seconds or 
longer. | 

'The object of the tests reported in this paper was to 
determine curves of electric current flow as funct'ons 
of time, through certain solid dielectrics, after constant 
potential had been either applied to or removed from 
opposite faces of a flat plate of the sample. 

The charge and current curves to be expected when 
constant potential is applied to such a sample are shown 
in Fig. 1. The great proportion of the charge is stored 
almost instantaneously, but because the dielectric is 
not perfect the charge collected continues to increase. 
The curve of charge will approach a straight line whose 
slope will be zero if the final conductivity is zero and 
will be finite if the final conductivity is not zero. The 
current curve is the first derivative of the charge curve 
and will have the general character shown. Its shape 
during the first instants will depend upon the character- 
istics of the external circuit. 


The initial pulse of the current passes in a very small 


1. Assistant Professor of Electrical Engineering, Cornell 
University, Ithaca, N. Y. 

Presented at the New Haven Regional Meeting of the A. I. E. E., 
New Haven, Conn., May 9-11, 1928. Complete copies upon request. 


Part of the material contained 1n this paper was presented by the 
writer to the faculty of the Graduate School of Cornell University for 
the degree of Doctor of Philosophy. The investigation was later 
continued with the joint support of the Heckscher Rescarch Council 
and the General Electric Company. 

Several methods were tried for obtaining conducting surfaces 
on the specimens for constant potential tests. An improved method 
was devised for making tests and experimental results on four 
materials were obtained. Peculiar reversals were observed in the 
charge and discharge curves for fused quartz. 

The summary of experimental results 1s followed by suggestions 
for further research along similar lines. 


fraction of a second after applying the potential and 
was not measured in any of the reported tests. For 
some materials the stored charge continues to increase 
for weeks after the potential is applied and kept con- 
stant. It is this long-time current that has been 
measured in these tests. When the potential is 
removed after a long-time charge the currents are 
similar but reversed in direction. 

The currents obtained are smaller than can be mea- 


Qualitative Time -Curves of Charge and 
Current with Constant Applied Potential 
(Not Plotted to Scale) 


TIME. 


Fic. 1—QUALITATIVE CHARGES AND CURRENT CURVES 


sured with a galvanometer, so that a circuit using a 
sensitive electrometer was used. The diagram shown 
in Fig. 2 will help to explain the method of measure- 
ment. C,isthe sample to be tested. C, isan auxiliary 
air condenser of known capacitance. P is a potentiom- 
eter used to vary the potential applied to the lower plate 
of C,. The quadrant electrometer (Q. E.) is used asa 
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very sensitive electrostatic voltmeter to indicate any 
potential difference between the ground and the isolated 
system comprising the upper surface of the active area 
of C, and the upper plate of C4. 

Before applying potential to the lower plate of C, the 
upper system is grounded by closing the ground switch 
shown in Fig.2. Then when potential is applied the initial 
rush of current is conducted through this ground con- 
nection. 

Now, suppose that after the ground connection 
has been removed, the slider on P is continually ad- 
justed so as to keep the upper system (though insu- 
lated from ground) at ground potential. This is 
accomplished by so adjusting P that the electrom- 
eter spot of light is kept at its zero position. Such an 
adjustment is possible because any electricity passing 
from C, can be drawn onto Ca by properly varying the 
potential applied to the latter. If at the beginning and 
end of a certain length of time, the potential of the 
isolated system is at zero (or any other) potential, all of 
the current which has passed from C, in the interval 


Fic. 2—SIMPLIFIED DIAGRAM OF CONNECTIONS 
will be collected on Ca. The average value of this 
current will be given by the equation: 
Aq 
At 


€5 — €| 
to — t 


Ae 

lare = =Ca—, =Ca ( ) amperes (1) 
where C, is the capacitance in farads of the auxiliary air 
condenser and (e.— ei) is the change in potential 
applied to the lower plate of C4 from P during the inter- 
val of time (t; — tı), potential being measured in volts 
and time in seconds. 

For all of the tests the current was considered positive 
in the direction in which it was normally flowing while a 
positive potential was applied to the lower plate of C,. 
To measure a positive current it was necessary to apply 
a negative potential to the lower plate of C4. When 
the current was reversed, for example during discharge 
after positive charge, the polarity of P had to be re- 
versed in order to keep the potential of the isolated 
system zero. During a reading continuous observation 
of the electrometer scale was necessary; therefore the 
set-up was so arranged that all switching was remotely 
controlled from the observer's position behind the 
scale. 

The complete diagram of connections is shown in 
Fig. 3. (See complete paper.) 


EXPERIMENTAL RESULTS 
A. With Air-Gap. 
As already indicated, the first tests were made with 
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an air-gap between the upper surface of the specimen 
and the upper plate of the condenser. A plate of hard 
rubber and one of pyrex were tested in this way. 

The charge and discharge curves for. hard rubber, 
are plotted in Fig. 6, using logarithmie scales for both 
current and time (C H-2 and D H-2). It is seen 
that the experimental data give practically a straight 
line relationship between log. 2 and log. t. 


C H-1 and D H-1 are similar charge and discharge 
curves taken for a sample of pyrex, nearly 1.5 em. 


Fic. 6—Harp RuBBER No. 7 AND PYREX wiTH Arn-GaAP 


thick. The principal fact to be gained from these is 
that the straight line relationship makes the polariza- 
tion an inverse power function of the time: 
1, = (const) t~ 
B. With Intimate Contact. 
(1) Pyrex—After the curves C H-1 and D H-1 
shown in Fig. 6 had been obtained, the same specimen 


(2) 


Fig. 7—PYREX WITH INTIMATE CONTACT 


was prepared with intimate contact between the sur- 
faces of the specimen and the plates of the condenser. 
The results of this latter test, plotted in a similar 
manner, are shown in Fig. 7. 

The upper series of circles, through which no line is 
drawn, are points on the charge curve which is approach- 
ing a horizontal asymptote, the final conduction current 
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(I,). In the case of pyrex, I, is a very appreciable 
proportion of the charge current. 

The series of completely filled dots gives the observed 
discharge curve, which follows the straight line law for 
over 100 minutes, after which it drops off more rapidly. 

The series of half-filled circles is obtained by sub- 
tracting the value I, from each of the charge readings, 
obtaining thereby the effect of polarization alone. 
These lie superimposed upon the points of the discharge 


curve showing that the phenomenon is reversible. This 
relationship may be expressed by the equation 
1, = t (charge) — I, = — 1 (discharge) (3) 


This relation was stated long ago by Curie? as a re- 
sult of the law of superposition. 
The deviation of observed points in Fig. 7 from the 


CONTACT 


te. 8—Harp RusBBer No. 5 AND No. 7 WITH INTIMATE 
CoNTACT 


straight line law may be due to one or both of two 
causes. | 

(a) A slightly erratic, unidirectional instrument leak, 
comparable to the lower values of the curve, was 
observed. This error decreased the discharge readings 
but added to the charge readings, the charge current 
being in the opposite direction to the discharge. The 
error might well account for the observed departures, 
for the points of (icu — 1,) lie above the line and the 
discharge points lie below it. 

(b) The other possible explanation is that the 
reaction of the material actually does not obey the law. 
This ean be determined only by further experiment 
using more refined methods so as to eliminate possible 
apparatus errors. | 

(2) Hard rubber— Fig. 8 shows the results of a series 
of experiments on two samples of hard rubber. Speci- 
inen 7 was tested at four different potential gradients, 
giving curves 1, 2, 3, and 4. Specimen 5, obtained from 
a different manufacturer, was tested at only one 
potential gradient as shown by curve 5. Curves 1, 3, 
and 4 were taken with a positive potential applied to the 
lower plate of the condenser. A poor switch contate 
destroyed the value of the discharge readings for curve 
1, so that they were not plotted. Curve 2 was taken 


2. For all references see Bibliography in complete paper. 
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with a negative potential applied to the lower plate of 
the condenser. This shows that the results were inde- 
pendent of the direction of the applied potential. 

Because the experimental data indicated that the 
curves were directly proportional to the applied poten- 
tial, the lines 1, 2, 3, and 4 were so drawn. They are 
plotted parallel and apart by distances, so that the 
ordinates of current at any instant are directly propor- 
tional to the applied potential gradient. By observing 
the agreement of the lines with the observed points, 
the reader may draw his own conclusions regarding 
this proportionality. 

Curve 5 shows that specimen 5, while having approxi- 
mately the same time rate of change of polarization as 
specimen 7, gives less than one-third as much polariza- 
tion under the same conditions. The composition of 
these two samples is not known to the writer, so that no 
deduction may be made as to the reason for this 
difference. | 

The values of I, taken at the end of each charge 
curve, included the apparatus errors in the same direc- 
tion as the actual conduction current. Therefore, the 
best we may say is that the actual conduction current 
was equal to, or less than, the observed value; and that 
the actual apparent resistivity of the material was 
equal to or greater than that computed using the ob- 
served values of I, (see Table IV). 

(3) Fused quartzi— 

Figs. 11, 12, and 13 show typical sets of data taken 
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with graphite contacts. The reversals are shown very 
clearly. The relative magnitudes of the first and sub- 
sequent readings for each run are indicated best by 
Fig. 11, which is plotted using uniform scales. The 
same set of data is plotted for a much longer time in 
Fig. 12, using logarithmic scales. The effect of apply- 
ing a negative instead of positive potential to C, is 
shown in Fig. 13. 

In Figs. 12 and 13 the curves are broken where they 
cross the axis, because the scales are logarithmic and no 
zero can be shown. So far as we could see, changing 
the contact surfaces did not affect the results, so that 
they must indicate the reactions of the material itself. 
It is quite possible that in each case the observed 


3. Data leading to these results are shown in the complete 
paper. 
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results were preceded by unmeasured oscillations of 
much shorter period. As an aid in the possible inter- 


pretation of these results, the complete history of this 
sample of fused quartz, for two months preceding the 
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final experiments, is tabulated in Table III. 
complete paper. ) 

Reversals of Current in Fused Quariz. 

Reversals in direction if discharge-current curves, 
occurring after corresponding reversals of the charging 
potential, have been observed by numerous investiga- 
tors. Richardson shows curves demonstrating this 
effect for a sample of crystalline quartz cut parallel to 


(See 
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the axis. The law governing the effect was stated in 
1889, by Jacques Curie, as the principle of superposition. 

However, the results shown in Figs. 10 to 13 cannot 
be explained by this principle, because the specimen is 
kept grounded (short-circuited) after each test until it 
has relaxed as completely as it will; 1. e., until the upper 
plate shows no tendency to acquire a charge in either 
direction if the ground connection is removed. This 
is assumed to indicate a neutral or unstressed condition 
in the dielectric. Then, according to the principle of 
superposition, if a positive, potential of constant mag- 
nitude were applied, the current flow would always be 
in the positive direction. 

Perhaps, upon depolarization, the polarizing elements 
do not regain truly neutral positions, although they do 
assume an arrangement which is in stable equilibrium. 
Thus the reversals observed might be caused by over- 
straining and slow-time oscillation about a new equilib- 
rium arrangement whenever the applied potential is 
changed. | 

The writer is not prepared to offer any other explana- 
tion of the results observed, although he believes them 
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to represent truly the reactions of the sample tested. 
He would be very much pleased to learn whether other 
investigators have observed similar reactions on fused 
quartz or other materials. 

(4) Crystalline quartz cut parallel to the axis—A 
plate of clear crystalline quartz cut parallel to the axis 
was also borrowed from the Bureau of Standards. The 
contacts on this sample were made by sputtering a gold 
film in vacuum on the carefully cleaned surfaces. Here 
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: again, a guard ring was provided. The chief objection 


to this type of contact is the length of time necessary 
to get a good conducting film. 

Fig. 14 shows the only set of data obtained to date 
on this sample. The upper curve shows that the final 
steady current is very high compared with fused quartz. 
The lower curve shows a return polarization current 
larger than the charging current for the first minute 
and a half, and continuing for an extremely long time. 
In fact, one month after the potential was removed, a 
discharge current could still be detected, although the 
plates had been short-circuited for the entire time. 
This indicates the difficulty of obtaining complete re- 
laxation in such a material. The writer believes that 
if the charging current had been continued for 100,000 
minutes, the lower part of the discharge curve would 
have continued a straight line instead of falling off as 
it did. 


TABLE IV 
SUMMARY OF EXPERIMENTAL RESULTS 
All data was taken at temperature of 20 deg.—22 deg. cent. 


(1) (2) (3) (4) (5) (6) 


Hard Rubber No. 7... | 200, 400| 6.5 x 10/5/3.6 x 10!5| 550/1]| 0.924 
600, 800 

Hard Rubber No. 5... 400 |1.7 x 10/51 3.2 x 10!5| 190/1| 0.953 

Pyrex No.12....... 200 | 4.9 X 10'5| 8.6 x 10!5| 17.5/1| 0.6262 
Fused Quartz No. 14. 3200 1 x10!5| 8 x 10!? 80/1 | 0.678 

approx. 
Crystalline 
Quartz No. 11..... 1000 1 x10!0| 1 x 10!5 1/110.525 


Column (1) 
Column (2) 


material under test 
G = applied potential gradient in volts/cm. 


Column (3) pa -—L = apparent resistivity where i; is the current per 
ty unit area in amperes/sq. cm. measured 1 
minute after the application of potential 

(see eq. 4). 


Column (4) 7 


pf = where ig was the final constant value of i. 
lg 
ratio of pa/ps 
coefficient 6, when the polarization current is expressed by 


equation (1). 


Column (5) 
Column (6) 
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| Protective Devices 
ANNUAL REPORT OF COMMITTEE ON PROTECTIVE DEVICES* 


To the Board of Directors: | 

The principal work of the Committee this year has 
been first,—arranging for and the actual prepara- 
tion of papers for presentation at meetings of the Insti- 
tute, of which there have been one or more presented at 
practically every meeting of the Institute, and second,— 
the work of standardization, the result of which is 
reported below. 

The work of the Committee has been carried on by 
subcommittees, each under the direction of its own 
chairman, and after the first organization meeting at 
New York in September, further meetings have been 
held by the subcommittees individually. The subjects 
covered and the chairmen in charge of the subcom- 
mittees are as follows: 

Current Limiting Reactors, A. H. Sweetnam, Edison 
Elec. Illum. Co., Boston, Mass. 

Communication Circuit Protection, H. W. Drake, 
Western Union Tel. Co., New York, N. Y. 

Industrial Control Equipment and Service Protec- 
tion, R. C. Muir, General Electric Co., Schenectady, 
N. Y. 


Lightning Arresters, J. A. Johnson, Niagara Falls 
Power Co., Niagara Falls, N. Y. 

Circuit Breakers, Switches, and Fuses, J. M. Oliver, 
Georgia Power Co., Atlanta, Ga. 

Relays, W. H. Millan, Union Elec. Light & Power 
Co., St. Louis, Mo. 


SUBCOMMITTEE ON INDUSTRIAL CONTROL EQUIPMENT 
AND SERVICE PROTECTION 


The subcommittee has prepared a revision of the 
A. I. E. E. Industrial Control Standards. This re- 
vision is in process and not sufficiently finished to be 
presented at this time. 


SUBCOMMITTEE ON COMMUNICATION CIRCUIT 
PROTECTION 


The subcommittee has arranged for several papers 
and is giving active study to the question of standard- 
ization. | 


*COMMITTEE ON PROTECTIVE DEVICES: 
F. L. Hunt, Chairman, 

H. R. Summerhayes, Vice-Chairman, 

E. A. Hester. Secretary, 


R. E. Argersinger, Herman Halperin, W. H. Millan, 
Raymond Bailey, F. C. Hanker, R. C. Muir, 

A. C. Cummins, J. Allen Johnson. J. M. Oliver, 

H. W. Drake, R. L. Kingsland, A. H. Schirmer, 
W. S. Edsall, M. G. Lloyd., H. P. Sleeper, 

L. E. Frost, K. B. McEachron, A. H. Sweetnam, 
James S. Hagan. F. D. Wyatt. 


Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25-29, 1928. Complete copies upon request. 


SUBCOMMITTEE ON LIGHTNING ARRESTERS 


During the last two years much work has been done 
by the Subcommittee on Lightning Arresters in re- 
vising the Report on Standards for Lightning Arresters 
presented by Working Committee No. 13 in 1926, so 
that objections raised to the earlier report might be met 
and still have left something that would give the user 
of lightning arresters a set of standards which, when 
applied to arresters, would allow the user to make com- 
parisons on a common basis. This has been impossible 
in the past. 

Such standards must, of course, be based on tests 
which are feasible to perform in the laboratory at the 
present time, and while this limitation prevents 
the establishment of a perfectly ideal set of standards, 
it does not prevent the setting up of simple methods of 
comparison which can be carried on in the laboratory, 


. and which will be of value to the user of lightning 


arresters. 

This subcommittee has completed a revision of the 
proposed standards for lightning arresters, and a full 
draft of this revision is now being published by the 
Standards Committee as a report on standards. A 
complete draft appears also in the complete report of 
the Protective Devices Committee. After setting up 
several definitions, the proposed standard undertakes 
to accomplish its result by the establishment of a 
standard surge for use in the laboratory, and arresters 
are to be compared by their action under this surge. 
This standard surge is given in paragraphs 28-201 and 
28-202, and is as follows: 

28-201 Standard Surge Protective Characteristic.— 
Tests to determine the standard surge protective 
characteristic of a lightning arrester shall be made by 
the use of a test surge, the voltage of which shall be 
unidirectional and shall rise at the rate stated in 28-202 
until the arrester begins to discharge, after which the 
discharge current through the arrester shall rise at the 
rate of 100 amperes per microsecond to a crest value 
of 1000 amperes and thereafter decrease to 500 amperes 
in not less than 10 microseconds. 

28-202 Rate of Voltage Rise of Standard Test Surge.— 
The rate of voltage rise of the standard test surge prior 
to beginning of arrester discharge shall be as follows: 

a. For arresters or arrester sections of low- 
voltage rating up to 11 kv., 100 kv. per microsecond. 

b. For arresters or arrester sections of ratings 
higher than 11 kv. the rate of rise of voltage of the 
standard test surge shall be increased proportion- 
ately, t. e., 200 kv. per microsecond for a 22-kv. 
arrester, etc. 
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There has been some criticism of this standard surge 
on the basis that it does not give a sufficiently steep 
wave front, but there is grave doubt whether a steeper 
wave front can be produced in the laboratory without 
oscillations when accompanied by the large currents 
which are involved in the testing of lightning arresters. 


CURRENT LIMITING REACTORS 
Report of Subcommittee 


Two interesting developments in current limiting 
reactor practise involve the use of reactors which are 
oil-immersed in steel tanks. One development involves 
the use of a three-phase reactor, oil-insulated, self- 
cooled, while the other involves a single-phase unit, 
oil-insulated ande water-cooled. The advantages 
claimed for these designs are that foreign material 
cannot be drawn into the windings and that the equip- 
ment can be used with the highest factor of safety 
either for indoor or outdoor service. 


The single-phase equipments are designed for instal- 
lation as 22-kv. bus section reactors, introducing a 
reactive drop of 9.2 per cent when passing 90,000 kv-a. 
No live parts are exposed, as the coil is mounted in a 
steel tank, and lead covered cable is to be “wiped” to 
glands bolted to a junction box, which in turn is bolted 
to the tank. This method of attachment makes possi- 
ble the removal of the reactor from the circuit without 
disturbing the "wiped" joints. Each cable terminal is 
so insulated that cable sheath currents cannot flow 
through the tank to ground. 


The tank is provided with a conservator, pressure 
relief pipe, oil gage, thermometer, and standard gage 
trucks. 

The magnetic flux of the reactor which would nor- 
mally link the steel tank, causing large losses, is neu- 
tralized by utilizing the copper cooling coils as a short 
circuited winding, (the intake and discharge ends of 
the cooling coils being joined) thus acting as a flux 
shield. The potential developed in this shield causes a 
eurrent to flow, which in turn develops an equal but 
opposite flux. "Therefore, no flux enters the tank, and 
no losses are developed. The material of the cooling 
coils is a high-conductivity copper tubing of adequate 
cross-sectional area to permit such currents to flow as 
will develop the required flux. To neutralize the flux 
of the reactor coil the current in the shield is limited to a 
definite value by the inherent reactance of the cooling 
coils. The losses in the shield are limited by properly 
proportioning the cross-section of the shield. 


RELAYS 
Report of Subcommittee 


Three papers have been presented to the Institute 
during the current year under the auspices of this 
subcommittee as follows: 

Developments in the Impedance Relay and its 
Application, by H. A. McLaughlin and E. O. 
Erickson. 
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Application of Relays for the Protection of Power 
System Interconnections, by L. N. Crichton and 
H. C. Graves. 

A Carrier-Current Pilot System of Transmission 
Line Protection, by A. S. Fitzgerald. 

The second paper listed was presented both at the 
Chicago and New Haven Regional Meetings. 

The work of this year’s subcommittee has consisted 
chiefly of reviewing the work of previous years and 
attempting to crystalize work which has been started. 
In this connection attention is called to the matter of 
standardizing relay acceptance test specifications. 
A group of last year’s subcommittee submitted tentative 
test specifications in the annual report and expressed the 
hope that interested engineers would forward their 
comments to this subcommittee so that a tentative 
“Standard” could be submitted at this time. 

Very few comments have been received and it is 
hoped that interested engineers will offer further com- 
ments and proposed tests for reference, a complete 
tabulation of which is given in the full report of the 
committee. 


Another item discussed by this subcommittee during 
the last two years was the matter of name-plate data. 
In general, it is agreed that the following information 
should be available: 

a. Descriptive name of relay. 

b. Nominal operating current, voltage, or both. 
c. Frequency. 

d. Manufacturer’s type or style designation. 
e. Manufacturer's name or trade mark. 


In addition to the above, the polarity of directional 
relays should have studs marked in the same manner 
as are terminals of instrument transformers. It is 
further recommended that the following information 
be available on the card which is usually attached to 
the relay when furnished. 

f. Calibration curve or time setting chart. 

g. Volt-ampere consumption and power factor 
(or resistance and reactance of the various coils). 

h. Interrupting capacity of tripping contacts. 

i. Resistance values of all resistances furnished 
with the relay. These values should also be 
stamped on the name-plate of the resistor. 


As questionnaires are unsatisfactory and undesirable, 
a request is made here for comments on the foregoing. 

During the past year many new relay developments 
have appeared. 


The carrier-current pilot protective system has been 
called to the attention of the engineering fraternity by 
Mr. Fitzgerald, who assures us that this system offers 
practically all of the advantages of the well tried 
pilot-wire system without its most undesirable features. 


Induction type relays have been developed for use as 
power-factorrelays, temperaturerelays, for the control of 
reactive kv-a. meters, and for the control of street lamp 
circuits by carrier current. Also a new induction type 
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relay has been developed to perform on the impedance 
principle for transmission line protection. This relay 
has its restraining coil designed on the induction disk 
rather than the plunger principle. 

A speed control relay is now used to facilitate the 
synchronizing of turbine driven generators. It has 
double-throw contacts operated by Warren synchronous 
motors through a differential gear in such a way that if 
one motor is faster than the other, one contact is 
closed, and if slower, the other contact is closed. 
One motor is connected to the bus and the other to the 
machine being brought up to speed. The contacts 
control the governor and increase or decrease the 
machine speed until it corresponds practically to the 
bus frequency, at which point the machine may be 
synchronized by another relay or by the operator. 

A new polyphase network relay has been developed 
and along with other things provides a most ingenious 
method of quickly replacing or testing the relay unit. 

Attention has been called to the need of development 
of relays along certain lines, and we set forth below the 
specific needs which have been mentioned: 

1. A multi-contact relay of the plunger type of 
a size between the present overcurrent plunger 
relay and the relay used as an oil breaker closing 
relay. This device should be either “latching” 
or “electric release." The contact head should be 
designed for a complete interchangeability of 
front and back contacts. 

2. A d-c. voltage relay whose pick-up and 
drop-out values can be accurately adjusted, which 
will not be affected by a reasonable amount of 
vibration and whose calibration will not vary by 
"soaking" or by reversal of potential. 

3. Further development of timing relays is 
suggested as they seem to be the most doubtful. 
The fan type is somewhat weak mechanically 
and is limited in length of time. "The bellows 
type is difficult to adjust and will not stay in 
adjustment as it is easily affected by dirt, tem- 
perature, etc. There is considerable distance 
between the type enumerated above and the 
expensive motor operated devices. A need is felt 
for something in between. 

4. For automatie transformer stations relays 
which will measure the total station load are 
needed. This often results in a requirement for a 
relay having adjustable back contacts for 50 per 
cent to 90 per cent of the operating value and 
having current coils capable of carrying continu- 
ously three or four times the operating value. 
Also these relays should have independent make 
and break contacts. 

5. A reverse current relay having greater 
sensitivity is needed. For example, it is quite 
diffieult to find a relay which will carry continu- 
ously the load current of a generator and yet 
will operate on the small reversal due to the ma- 
chine motoring. 
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6. An impedance relay should be developed 
for ground protection where the ground current 
is less than the line load current. Three years ago 
Mr. W. W. Edson suggested using a CZ relay 
with the voltage restraining element reversed 
so that it could be operated by the residual voltage 
of a star-delta potential transformer bank. 

Late in the year, this subcommittee was charged with 
the duty developing Standards for Relays, and the 
preliminary draft of September 1923 was resurrected to 
be worked over. This work has been started, but the 
best that can be hoped for is to have a suitable founda- 
tion laid down for the successors of this subcommittee 
next year. 

Along with this is recommended to the successors of 
this subcommittee: 

1. A study of the operating experience due to 

. the use of low-tension potential transformers for 
relaying high-tension lines where the voltage vec- 
tors are not an exact reproduction of what is taking 
place in the lines protected. The various com- 
pensator arrangements are too complex to be 100 
per cent reliable. 

2. Further study in the matter of relaying a 
transmission system having two parallel lines which 
may work in parallel or independently. Various 
cross-connected schemes will meet the parallel 
condition, but they fail on the second. Pilot wires 
would be suitable, but they are expensive. Impe- 
dance relays are not suitable for short sections of 
lines, and they require special consideration when 
the expected ground currents are less than the load 
currents. 

3. Astudy of the operating experience in the use 
of polyphase versus single-phase directional relays. 

It is recommended that technical papers be obtained 
for presentation to the Institute of the three subjects 
named above. 

F. L. HUNT, Chairman. 


CONTRACT SIGNED FOR NAVY 


DIRIGIBLES 
The Secretary of the Navy, Curtis D. Wilbur, has 
announced that the Goodyear Zeppelin Corporation’s 
bid of $7,825,000 to build two dirigibles has been 


accepted. The new airships will be known as ZRS 4 


and ZRS 5. Comparison between the only rigid 
airship now in the Navy Service, U. S. S. Los Angeles, 
is as follows: 


Los Angeles ZRS-4 

Nominal gas vol., eu. ft............ 2,470,000 6,500,000 
Length over all................... 658.3 ft. 485 ft. 
Maximum diameter............... 90.7 ft. 132.9 ft. 
Height over all.................... 104.4 ft. 146.5 ft. 
Gross lift, ]1b..............Lluueus. 153,000 403,000 
Useful lift, Ibucz cce REA 60,000 182,000 
No. of engines...............ee ss. 5 8 
Total Bp... sii a Rn 2000 4480 
Max. speed, knots................. 63.5 72.8 
Range without refueling at 50 knots 

cruising speed, naut. miles........ 3500 9180 
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Surge Voltage Investigation 


on Transmission Lines 
BY W. W. LEWIS* 


Member, A. I. E. E. 


Synopsis.— This paper and companion papers discuss the surge 
vollage investigation on six power systems in the lightning season 
of 1927. 

Valuable data have been secured as to the nature and polarily, 
magnitude, wave-front and attenuation of surges; also the effect of 
overhead ground wires, choke coils, and lightning arresters. 


N 1926 the General Electric Company conducted a 
. surge voltage investigation on a limited scale in 
cooperation with the Pennsylvania Power & Light 
Company, New England Power Company and Con- 
sumers Power Company. Thirty surge-voltage re- 
corders in all were used. In 1927 the investigation was 
continued with a larger number of instruments on the 
systems mentioned, and some additional systems were 
included; namely, the Ohio Power Company, Alabama 
Power Company and New York Power & Light Cor- 
poration. In all, 180 instruments were in service. 
This investigation yielded a vast amount of data, which 
has been sifted and analyzed, and it is the purpose of this 
and thecompanion papers! to present the more important 
data and the conclusions to be derived therefrom. 
The companion papers present in considerable detail 
a description of the system and the results of the in- 
vestigation so far as the Pennsylvania Power & Light 
Company, New England Power Company, Ohio Power 
Company, and Consumers Power Company systems 
are concerned. The investigation on the Alabama 
Power Company and New York Power & Light Cor- 
poration’s systems was not so extensive as on the other 
systems mentioned. Some data were obtained how- 
ever, and these will be included in the present paper. 


PURPOSE OF INVESTIGATION 


The surge voltage investigation was conducted for 
the purpose of securing information on the following 
subjects: 

1. Nature and polarity of surges 

2. Magnitude of surge voltages on transmission 
lines due.to lightning, switching, and arcing grounds, 

3. Wave-front and wave-shape 

4. Attenuation ofsurges along the transmission line, 

5. Effect of overhead ground wires in reducing 
surge voltages! 

6. Effect of choke coils and lightning arresters. 

Each of these items will be discussed in more or less 
detail. 
~ *General Electric Company, Schenectady, N. Y. 

1. For references see end of paper. 


Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 26-29, 1928. Complete copies upon request. 


Of special interest is the attenuation formula A = ke, the 
form of which indicates a close connection between atlenuation and 
corona loss. 

Further investigations are being carried on in the present year to 
secure more complete and exact data on wave shape and attenuation, 
effect of ground wires, lightning arresters, and choke coils. 


1. Nature and Polarity of Surges. 

Surges may be classified as unidirectional and 
oscillatory. The unidirectional surges may be positive 
or negative. 

The oscillatory surges may further be classified as 
highly damped, H D, medium damped, M D, and slightly 
damped, S D. A highly damped figure may be pre- 
dominately positive or negative. 

The H D figures are interpreted as being produced by 
a surge voltage which lasts for only a few polarity 
reversals, say less than five. 

The MD figures are attributed to oscillations ' 
following flashovers between line conductor and 
ground. They appeared in this investigation only on 
the Consumers Power system, which was the only 
isolated neutral system in the investigation. 

The S D figures are of uncertain origin. They ap- 
pear to be formed from a continuous application of 
a-c. potential for a duration of several seconds. They 
are thought to be connected with a particular potenti- 
ometer arrangement, as they did not appear when 
simultaneous records were taken with other potenti- 
ometer arrangements. 


2. Magnitude of Surge Voltages on Transmission Lines 
due to Lightning, Switching and Arcing Grounds. 


a. laghtning. In Table IV are listed the maximum 
voltages due to lightning; first, all figures, and second, 
H D figures only. In this table is also listed the 
number of disks, type and impulse flashover of the line 
insulators as determined in laboratory tests.* 

It will be noted that the maximum voltage recorded 
in no case exceeds the impulse flashover values given, 
but is in most eases comparable in value or somewhat 
less. This would indieate that the impulse values 
given are fair values to use in estimating the lightning 
flashover of transmission lines, and would further 
indicate that the maximum voltage induced on a line 
is limited by the insulator flashover. 

Fig. 7 shows curves of surge voltages for the various 
systems due to lightning. In these curves the abscissas 
represents times normal crest to neutral volts, and the 
ordinates per cent of the total number exceeding the 
value indicated by the abscissas. All surges, H D, 
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TABLE IV 
MAXIMUM VOLTAGE DUE TO LIGHTNING 
Max. voltage Line insulation Ht. of line 
Impulse Average 
All HD flashover At ht. top 
figures figures Disks Type kv. tower cond 
Ohio Power Co...................... esee 1200 475 10-11-12 OB-25022 1180-1400 60-73-86 70 
Pa. Pr. & Lt.CO. uz eR AR 2100 1800 14-16 Locke 7500 1900-2140 66 50 
New England Power Co......................... 900 900 8-9 OB-25620 1020-1120 49 40 
Consumers Power Co.......................sus. 1140 + 850 9 K-11 OB-25022 1080-1180 45-58-70 60 
10 H-8 40—46-52 
Alabama Power Co.......................... 610 610 8-9 OB-25022 970-1080 50 40 
New York Pr. & Lt. Corp.................... "m: 660 620 8-9 Locke 5800 1150-1270 46-56-66 50 
Kv. per ft. Ratio Maximum voltage 
required to kv. meas. to Normal voltage no. times 
Kv. per flash over flash over kv. crest kv. to normal 
ft. of height insulators per cent neutral all figures 
Ohio Power Co.......... 0... ce eee 17 20 85 108 10.2 
Pa. Pr. & Lt. CO... ooo swa yun RE OSD Se 42 43 98 180 11.7 
New England Power Co......................... 23 28 82 90 10. 
Consumers Power Co...................... sess. 19 20 95 114 10. 
Alabama Pr. Co................. eee nn 15 27 55 90 6.8 
New York Pr. & Lt. Corp....................... 13 25 52 90 7.3 
TABLE V 


M D, and S D, have been grouped in these curves. 
It will be noted that the curves have the same general 
shape, and that the majority of surges are of low value, 
1. e., less than five times normal. 
b. Switching. Table V gives the maximum voltages 
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Fig. 7—MAGNITUDE OF SURGE VOLTAGES DUE TO LIGHTNING 
ON THE VARIOUS POWER SYSTEMS 


due to switching classified as to energizing and de- 
energizing lines. 

In Fig. 8 are shown curves of switching surges for 
three systems, the abscissas representing the numher of 
times normal and the ordinates representing perceiitage 
of all surges exceeding the given number of times normal 
shown on the abscissas. 

It will be noted from these curves that the majority 
of all switching surges were less than three times normal. 

In these surges H D figures predominated. They 
were very general throughout a system; that is, they 


MAXIMUM VOLTAGE DUE TO SWITCHING 


Normal 


voltage 
crest kv. 


Ener- 


sizing 


times 


108 4.2 
180 4.0* 
N. E. Pr. Co............ 90 a 
114 3.0 
Alabama Pr. Co......... 90 1.5 
New York Pr. & Lt. Corp. 90 
Average.............. 


*On this system all switching was done on the low-tension side. . 
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Fig. 8—MAGNITUDE OF SWITCHING SURGES ON VARIOUS SYSTEMS 


appeared at all the recorder stations and at practically 

the same value. 

4. Attenuation ofthe Surgesalong the Transmission Line. 
C. M. Foust and F. B. Menger have plotted a 

number of surges (Fig. 10) which appeared at more than 

one station, with distance from an assumed origin as 
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abscissas and voltage as ordinates. They then drew 
an average curve and determined equations for the 
variation of voltage with distance, and therateof change 
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Fic. 10—Curvge SHOWING VARIATION OF VOLTAGE WITH 
DISTANCE FOR VARIOUS SURGES 


Surges 38 and 40 are on Pennsylvania Power & Light Company's system, 
All others on New England Power system. 


of voltage with distance or attenuation. "These equa- 
tions are as follows: 
€o 1 
ua k l Co + 1 ( ) 
A-2-—ke (2) 
in which 
e; — the initial voltage at the point where the 


surge originated 


k = a proportionality factor which is found 
empirically 

l = the distance in miles from the origin of the 
surge 

^ = voltage at any distance l 

A = theattenuation in kilovolts per mile. 


The factor k for all the surges investigated has been 
found to be about 0.00016. 


These equations are used as in the following examples: 


1. Assume the initial potential to be 2000 kv. Then at 
a distance 10 mi. from the origin: 
2000 
e = 477 kv. 


~ (0.00016 x 10 x 2000) + 1 


The attenuation at the point of origin of the surge 


is A = — 0.00016 x 2000? 
= — 640 kv. per mi. 
5. Effect of Overhead Ground Wires in Reducing Surge 
Voltages. 


The ground wire data are rather inconclusive, mainly 
because of a lack of exact comparison between lines with 
and without ground wires, and also because of the effect 
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of reflections. The surge voltage recorder measures 
the maximum voltage regardless of whether the maxi- 
mum is the initial voltage or the reflected voltage. 
Nevertheless the data have given a few indications 
of the effect of the ground wire. 


CONCLUSIONS 


. Some surge voltages due to lightning are uni- 


directional and some are oscillatory. Of the uni- 
directional surge voltages, some are positive and some 
are negative. Of the oscillatory surge voltages, some 
have positive characteristics predominating and some 
have negative. 

While there may be a trend in some systems toward 
certain polarity characteristics, the surge voltages 
recorded on these systems are not exclusively of these 
characteristics. It is certain that all unidirectional 
surge voltages of highest crest value are not of negative 
polarity, for several of positive polarity have been 
recorded. High-voltage surges of negative character- 
istics are, however, in the majority. 

The oscillatory surges have been classified as highly 
damped, H D, medium damped, M D and slightly 
damped, S D. The H D figures are accepted without 
question. The S D figures are of doubtful origin. 

The M D figures appeared only on one system, which 
operates with an isolated neutral. These figures 
reached a magnitude of 7.7 times normal and are 
thought to be associated with arcing grounds. 

Surge voltages of the following upper magnitudes 
have been measured on the various systems: 


Due to lightning, 7 to 12 times normal. 
Due to switching, 2 to 5 times normal. 


These values check those of previous investigations.? 

It has been fairly well established that the voltage 
is limited by the flashover strength of the line insulators 
which on the average system is from 10 to 14 times 
normal* (normal equals crest value of line to neutral 
voltage). 

Very little is known yet about the shapes of the waves 
encountered in lightning and other line disturbances. 
The wave-front varies through wide limits. Of 154 
surges examined, about one-fifth had fronts between 
one and ten microseconds, about one-fifth between 10 
and 100 microseconds and about three-fifths over 
100 microseconds. 

An empirical formula has been derived for attenua- 
tion. This is of the form A = ke. Thatis, the at- 
tenuation is faster the higher the voltage. The form 
of this equation is similar to that for corona loss, 
p = ce’, and indicates that the attenuation is due 
mainly to corona loss. 

The study has shown the benefit due to overhead 
ground wire in some cases to be very small and in other 
cases to be almost up to the theoretical value. A 
conclusive study is very difficult to make, as it is almost 
impossible to obtain two lines of identical arrangement, 
in identical territory, subject to the same lightning 
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conditions, and one with and one without ground wire. 

The data as to the effect of choke coils and lightning 
arresters are meager and more information must be 
obtained along this line. 


The data showed from 6 to 15 per cent difference of 
potential across the standard line choke coils. 


Lightning arresters showed discharge currents vary- 
ing from 150 to 2600 amperes. 
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Gas-Filled Thermionic Tubes 


BY ALBERT W. HULL! 


1. Introduction and Summary. This paper de- 
scribes a fundamental principle of thermionic gas 
tube operation, by which cathode disintegration may be 
entirely avoided; and a new type of cathode which 
requires much less heat energy than any hitherto used. 
With these improvements hot cathode gas tubes appear 
to be practical, and their fundamental characteristics as 
lamps, rectifiers, and “thyratrons” are briefly described. 

The idea of utilizing gas in thermionic tubes is not 
new. It has been proposed for lamps, rectifiers, and 
amplifiers; but up to the present time the only success- 
ful application is the “tungar” rectifier, which operates 
within a very restricted range of current, voltage, and 
gas pressure. Outside of this narrow range, attempts to 
use gas in thermionic tubes appear to have resulted in 
unsatisfactory operation and short life. The principal 
cause of failure has been disintegration of the cathode 
by positive bombardment, a result so universal that 
it has come to be looked upon as inevitable. 


The starting point of the developments described in 
this paper was the discovery that tons produce no dis- 
integration when their kinetic energy is less than a critical 
value.2 The critical value lies between 20 and 25 volts 
for the common inert gases. Any precaution which 
avoids the presence of ions faster than this will prevent 
disintegration. The simplest precaution is to adjust 


1. Research Laboratory of the General Electric Co., 
Schenectady. . 
2. A. W. Hull and W. F. Winter, Phys. Rev. 21, 211, 1923. 


(Abstract). 
Presented at the joint New York Meeting of the New York 


Sections of the A. I. E. E. and the I. E. S., May 18, 1928. Com- 
plete copies upon request. 
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the circuit resistance so that the “cathode drop" does 
not exceed this critical value, which may be called the 
disintegration voltage. Fortunately, the disintegration 
voltage in all cases is considerably above the ionizing 
potential, so that it is possible to obtain the ionization 
necessary for carrying large currents without exceeding 
the disintegration voltage. In practise, it is found that 
the necessary and sufficient condition for keeping the 
cathode drop within safe limits is that the cathode 
electron emission shall be equal to the maximum current 
demand. 


The maximum current that a tube can carry appears 
to be unlimited except by the size of the cathode. 
Cathodes have been made which furnish 1500 amperes 
emission under conditions which promise long life; 
and cathodes with a normal emission of 10,000 amperes 
appear practical. 

The maximum voltage which can be rectified, or 
controlled, is limited only by the glow potential of the 
gas. ‘The rectifiers and thyratrons described below 
operate satisfactorily at 10,000 volts, d-c. output. 


Efficiency and life are increased more than ten fold 
over their values in vacuum tubes by the use of heat- 
insulated cathodes. A total tube efficiency of 98 per 
cent, including both anode and cathode losses, at 500 
volts operating potential, is easily attained under con- 
ditions which promise a life of many years. 

Hot cathode controlled rectifiers, or thyratrons, in 
which a grid is interposed between cathode and anode, 
have been developed. In these an output of several 
kilowatts may be controlled by the application of one 
microwatt. to the grid. 
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2. Disintegration Voltage. If argon at 1/10 mm. 
pressure is introduced into a two-electrode tube with 
thorium-coated cathode, one obtains a volt-ampere 
characteristic similar to that shown in Curve 2, Fig. 1. 
The current rises rapidly with voltage to a maximum 
value at about 25 volts, and then falls rapidly with 
further increase of voltage to essentially zero at 125 
volts. If the voltage is gradually reduced, the current 
retraces its path. 


The explanation of this characteristic follows at once 
from Langmuir’s theory of thoriated emission3 The 
electron emission is due almost entirely to a single 
layer of thorium atoms on the surface. The positive 
ions, whose presence is necessary to neutralize the 
electron space charge, can be present in the space only 
by virtue of the fact that they are drifting continually 
toward the cathode. They strike the cathode with the 
energy that they have acquired in the electric field, 
which, at low pressures, is essentially the full-voltage 


difference between cathode and anode. As long as 
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Fic. 1—VoLT-AMPERE CHARACTERISTICS OF TUNGSTEN 


FILAMENTS IN ARGON AT 0.030 Mm. PRESSURE 


Curve 1. Pure tungsten at 2450 deg. K. 
Curve 2. Thoriated tungsten at 1900 deg. K. 


this voltage difference is less than 25 volts, the ions 
have not sufficient energy to injure the cathode, as is 
evident from the fact that the electron emission is 
stable and equal to its value in vacuum. At 25 volts, 
an occasional ion is able to remove a thorium atom, 
and the probability of removal increases rapidly with 
increasing energy of the ions, t.e., with increasing 
voltage. The loss of thorium is evidenced by decreased 
electron emission, which falls to essentially zero when 
half of the thorium layer has been removed. 

The significance of this experiment for thermionic 
gas tubes lies in the fact that diszntegration does not 
occur when the voltage 1s below a critical value. This 
fact has been confirmed by Kingdon and Langmuir‘ 
with cold thoriated filaments. They obtained the 
number of thorium atoms removed per positive ion 
at different voltages and found that this number fell 
to zero at a definite voltage for each gas; namely, 45, 
47, and 55 volts for neon, argon, and mercury re- 

3. I. Langmuir, Phys. Rev. 22, 357-398, 1923. 


4. K.H. Kingdon and I. Langmuir, Phys. Rev. 22, 148-160, 
1923. 
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spectively. From experiments similar to those illus- 
trated in Figs. 1-4, with hot filaments and large positive 
ion currents, I have obtained considerably lower values; 
viz., 24 volts for neon, 25 for argon, and 22 for mercury. 
These values are all above the ionization potentials, 
so that it is possible to produce ionization without 
disintegration. The problem of making and operating 
a gas-filled tube without disintegration is thus reduced 
to that of keeping the voltage drop below these values. 

8. Heat Insulated Cathodes. It is well known that 
the electron emitting efficiency of cathodes increases 
with temperature, while the life, which is limited by 
evaporation, decreases. 

In the case of high-vacuum tubes there appears to 
be no other way of greatly increasing the efficiency. 
No gain can be accomplished by changing the geo- 
metrical form, as from a wire to a ribbon, since the 
heat-radiating area is always the same as the electron- 
emitting area. Any cavity which conserves radiation, 
such as the inside of a closely wound helix, also con- 
tributes little to electron emission, because the electrons 
are prevented by the space charge from emerging. 

In gas tubes, on the other hand, in which the electron 


. space charge is neutralized by positive ions, it is found 


that electrons freely emerge from cavities 4% to 14 in. 
wide and 4 in. deep. "This makes it possible to employ 
cathodes which are heat-insulated on the outside, from 
which the only appreciable loss of heat is that from 
the open end through which the electrons emerge. 

The economy which can be effected by such heat- 
insulation of the cathode is illustrated in Figs. 2 to 5. 

Fig. 2 shows an "ordinary" type of eathode, consisting 
of a nickel cylinder coated on the outside with barium 
oxide, and heated by radiation from a tungsten fila- 
ment at the center. The efficiency of this cathode 
is in no way different from that of a filament. Its life 
is somewhat longer because of the absence of burn-out 
possibilities, especially that due to “spotting.” 

Fig. 3 shows an exactly similar cathode, coated on the 
inside instead of the outside. The electron-emitting 
area is the same, but only one-third as much heat 
energy is required to maintain it at the same tempera- 
ture, hence the efficiency is three times as high. The 
saving is due to the reduced heat emissivity of its out- 
side surface, the emissivity at 1000 deg. K. of the coated 
nickel being between 0.65 and 0.85, according to treat- 
ment, while that of clean nickel is less than 0.15. The 
life of the internally-coated cathode may also be ex- 
pected to be longer by a factor of about 10, since an 
evaporating barium atom has an average chance of 
only 1/10 to escape from the cylinder. 

Fig. 4 shows the same cathode surrounded by two 
heat-reflecting nickel cylinders, which further reduce the 
radiation by a factor b. This makes the radiation from 
the surface, exclusive of the open end, only 3 per cent 
as much as from a black body or 4 per cent of that of a 
barium-oxide surface; and the total loss, including the 
open end, !/, as much as the cathode of Fig. 2. 

The eathode shown in Fig. 5 is the same as Fig. 4 
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except that 16 radial vanes have been added, which are 
coated on both sides with active material, and form 
part of the electron-emitting surface. Their presence 
requires no additional heat, but increases the electron- 
emitting area fourfold. Hence the total efficiency of 
this cathode is 24 times that of the cathode shown in 
Fig. 2. It is therefore practical to operate it at a 


Fia. 2- 


Fic. 3 


Fic. 2—TYvPicAL ExTERNALLY-COATED CATHODE, HEATED BY 
RADIATION FROM A TUNGSTEN FILAMENT AT THE CENTER 


3—INTERNALLY-COATED CATHODE OF SAME DIMENSIONS 
AS Fic. 2 


The heat loss is only one-third as much 


Fic. 


temperature of 1000 deg. K., which would give only 
24 milliamperes per heating watt for a filament, but 
for the shielded cathode gives 600 milliamperes per 
watt. This corresponds to a circuit loss of only 1.5 
volts, which is nearly negligible compared with the 
are drop loss of about 10 volts. "The life at this tem- 
perature would be 55,000 hr., or about 7 years for a 
filament, and should be greater for a cylinder, which 
cannot burn out and cannot easily lose its active 
material. i 

The same structure is obviously applicable to other 
types of cathodes, such as thoriated tungsten or 
molybdenum. 

Cathodes of the type shown in Fig. 5 have been in 
continuous operation for over half a year without 
noticeable change. 

4. Hot Cathode Lamps. The use of the hot cathode 
glow discharge for illumination was proposed by 
D. McFarlane Moore in 1905. Lederer, in 1914, 
suggested the use of a Wehnelt cathode in place of 
Moore’s carbon filament for such a glow lamp, and 
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Skaupy in 1915 suggested a tungsten filament. The 
fact that none of these lamps have come into general 
use may be attributed to cathode inefficiency and 
disintegration. 

Both of these limitations may be removed by the 
measures described in Sections 2 and 3 above, and it 
would appear that there remains no fundamental 
impediment to the utilization of such hot cathode glow 
discharges for illumination at any pressure and in 
any gas that does not dissociate or attack the cathode 
chemically. Two subsidiary problems, disappearance 
of the gas and blackening of the bulb, appear to be 
intimately connected with cathode disintegration? and 
may be expected to disappear with it. The test data 
available confirm this view. Tubes containing cathodes 
like those shown in Fig. 5 have been operated for 4000 
hr. in Hg. vapor at 0.015 mm. w th no visible blacken- 
ing; and the neon lamps tested by C. G. Found show no 
measurable change of neon pressure after 3000 hr. "The 


Fic. 5 


Fic. 4 


Fic. 4—SAME CarHobpE as Fic. 3 PLus Heat SHIELDING 
WuicH FunTHER REDUCES THE HEAT Loss By a Facror ONE- 
HALF 


Fig. 5—SameE As Fic. 4 PLus 16 ELEcTRoN-EMiTTING VANES 
WHICH INCREASE THE ELECTRON EMISSION BY A FACTOR 4 


The heat loss remains unchanged 


characteristics of hot cathode neon lamps are discussed 
by Mr. Found in an accompanying article. 
5. Hot Cathode Gas Rectifiers. 

A. Low-Voltage Tungar Type. Ordinary Wehnelt 
type cathodes may be operated in mercury vapor at 
from 1- to 3-mm. pressure for surprisingly long life at 
high temperature and correspondingly high efficiency. 


5. Contributions from Res. Lab. of G. E. Ltd., Phil. Mag. 
41, 685, 1921; J. Fischer, Fortschritte d. Chem. 19, 1, 1927. 
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For example, a half-wave rectifier whose cathode is a 
barium-coated nickel cylinder 14 in. in diameter by 
54 in. long, requiring only 25 watts to maintain it at 
operating temperature, may be operated at five amperes 
average rectified output for 4000 hr. If operated 
under the same conditions in Hg. vapor at 1/100-mm. 
pressure, the life is less than 20 hr. The difference is 
due to the protective action of the gas, which tends to 
prevent evaporation of both barium and nickel in the 
same manner as in gas-filled lamps, and also appears 
to cause the return to the cathode of nearly all evaporat- 
ing barium atoms, presumably as a result of ionization 
by ‘collisions of the second kind" with excited mer- 
cury atoms. This is evidenced by the slow rate of 
evaporation of barium as compared with nickel. After 
4000 hr. this cathode may be reduced by evaporation 
to a mere lacework, yet retain its full electron-emitting 
activity. If operated at the same temperature in 
vacuum, or low-pressure gas, the rate of loss of barium 
is high compared with that of nickel, so that the electron 
emission is permanently lost in 20 hr. 

This protective action appears to be identical with 
that which gives to the “tungar” rectifier its distinctive 
features, and these high mercury pressure tubes are to 
be classed as tungars. They are capable of rectifying 
slightly higher voltages than argon-filled tungars, a 
rectified d-c. output of 500 volts being possible with 
pressures between 1 and 3 mm. (cf. Fig. 6). 

B. High Voltage. For high-voltage rectification, 
above 1000 volts, it is necessary to use a gas pressure so 
low that its protective action is negligible. The maxi- 
mum voltage between anode and cathode which a 
rectifier can reliably withstand appears to be identical 
with the sparking potential of the gas at the given 
pressure, electrode material, and effective electrode 
distance. The effective distance is that between the 
pair of points which has the lowest sparking voltage. 
It is not limited to actual electrode distances, since the 
presence of positive ions can distort the electric field so 
that the full voltage may exist, on the one hand, in a 
thin "sheath," a small fraction of a millimeter thick, 
next to the cathode® (the anode of the rectifier); or, 
on the other hand, the maximum distance between 
electrodes along lines of force may be considerably 
longer than in the absence of ions. The first case 
corresponds to gas pressures above the minimum spark- 
ing potential pressure, the second to pressures below 
this. In both cases the space charge tends to adjust 
itself so as to make the sparking potential as low as 
possible. At high gas pressures the spark length that 
would give minimum sparking potential is less than the 
distance between electrodes, and the space charge 
therefore seeks to shorten the distance to the optimum 
value. This it can always do, since there is no lower 
limit to the thinness of the "sheath." Hence the arc- 
back voltage should be constant and equal to the 


6. I. Langmuir, Science, 58, 290, 1923; Jl. Franklin Inst.‘ 
196, 751, 1923; G. E. Rev. 26, 731, 1923. 
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minimum sparking potential of the gas for all gas 

pressures higher than that which corresponds to the 

minimum sparking potential between the electrodes. 
For pressures lower than this limiting value, the 


sparking potential would be increased by shortening 
the distance, but may be decreased by lengthening the 
distance. This the ionization tends to do. But there 
is a definite limit to the possible length, set by the di- 
mensions of the tube. Hence the arc-back voltage at 
low pressures should increase with decreasing pressure, 
and at any given pressure should be equal to the spark- 
ing potential of the gas at that pressure and at a spark 
length equal to the maximum possible path between 
electrodes. 

The experimental data available confirm these ex- 
pectations, for both high and low gas pressures. Fig. 6 
shows the results of arc-back measurements in a low 
pressure rectifier containing a hot cathode and a carbon 
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anode 1 in. apart in a 5-in. glass bulb. The abscissas 
are mercury vapor pressure in thousandths of a mm., 
the ordinates the maximum voltage which the tube 
could rectify without arcing back. The voltage values 
are maximum or peak voltages between anode and 
cathode, 7. e., the maximum reverse voltage strain which 
the tube can withstand. These values are quite 
reproducible. 

In the current-carrying direction the potential 
differeace between anode and cathode is and must be 
very low. This is the fundamental condition for 
cathode life, as defined in Section 2. Its importance 
justifies repetition: The maximum instantaneous voltage 
between cathode and anode in the current-carrying direction 
must not exceed the disintegration voltage. The actual 
values for mercury tubes under proper circuit conditions 
vary between 6 and 12 volts, depending on geometry 
and gas pressure. 
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From the test data available, which is reviewed in the 
complete paper, the operating behavior of these 
rectifiers appears to agree with that predicted. Small 
of 2000 hr. at 10,000 volts, d-c., output. Larger glass 
rectifiers have been tested for periods of 100 hr. at 1500 
and 3000 volts, with individual outputs of 75 to 150 
amperes average rectified current. It is expected that 
they, too, will operate satisfactorily at 10,000 volts 
with full output, and that their life will be several years. 


6. Thyratrons. The name thyratron, (from the 
Greek 0 y p a,—a door), has been suggested for an arc 
whose starting can be controlled by a grid. It has 
been known for a long time that arcs could thus be 
controlled. The characteristics of such controlled 
ares have been the subject of an exhaustive study in 
this laboratory, under the direction of Dr. Langmuir, for 


Fic. 


The grid must not emit electrons, hence its large size 


"*—TvPicAL Hor CATHODE THYRATRON 
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This type of structure gives reproducible characteristics and favors rapid 
disappearance of ions 


8—CoMPLETELY SHIELDED THYRATRON 


rectifiers have been operated satisfactorily for periods 
several years, and the results of these investigations will 
soon be published. Only the specific characteristics 
of hot-cathode thyratrons will be described here. - 


Figs. 7 and 8 show typical hot cathode thyratrons. 
Their structure is identical with that of pliotrons except 
for the form of cathode and the limitations of filament 
voltage and grid size noted below. 


7. I. Langmuir, U. S. Pat. 1,289,823, Dec. 1918; See also 


L. Dunoyer and P. Toulon, Comptes Rendus, p. 179, 1924; 
Jl. de Phys., 5, 257-68, 289-303, 1924. 
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Their characteristics also are the same as those of 
pliotrons when no plate current is flowing, since the 
distribution of potential in the tube is then obviously 
the same as in a high-vacuum tube. The amplification 
factor is defined, in harmony with vacuum tube practise, 
as the ratio of plate to grid voltage that will just keep 
the plate current zero. Its value determines at what 
grid voltage the tube will "start," with a given anode 
voltage. 


As soon as plate current begins to flow the similarity 
to pliotrons ends. Such factors as mutual conductance 
and plate resistance do not exist, for the grid is instantly 
surrounded by a sheath* of positive ions, and has no 
further effect on the current. 


This sheath, in general only a fraction of a millimeter 
thick, contains the whole voltage drop between the grid 
and the space surrounding it. Changing the grid 
voltage merely changes the thickness of the sheath, and 
has no effect on the potential of the rest of the space. 
Hence the grid is powerless to stop the plate current, 
once it is started, or to influence it appreciably. The 
plate current can be stopped only by removing the 
plate voltage. 

The function of the grid is therefore obvious. It is 
a trigger. If it is desired to turn on a current and 
allow it to flow thereafter, the thyratron enables this to 
be done by a very small amount of power. The total 
energy required to turn on a kilowatt in a tube similar 
to Fig. 7 is less than 10-'* watt-seconds (1/10 micro- 
watt acting for 10 microseconds.) 


When alternating plate voltage is used, the plate 
current obviously falls to zero at the end of each cycle. 
The ions which formed the sheaths then diffuse to the 
walls or electrodes, and at the beginning of the next 
cycle the process of starting is repeated. No current 
will flow in this cycle if at every instant the grid voltage 


E 
is more negative than 3 where u is the amplification 


factor and E, the instantaneous plate voltage. If at 
any instant the grid voltage is less negative than this 
value the plate current will start and flow for the rest of 
the cycle. The magnitude of the plate current, once 
started, is limited only by plate voltage and load 
resistance, not by grid voltage. The average plate 
current, however, may be completely determined by 
grid voltage, since the grid may allow plate current to 
flow during any desired number of cycles in each second, 
or any desired fraction of each cycle. With high-fre- 
quency plate voltage the period of averaging may be 
very short, and if it is short compared with the period 
of the phenomenon to be observed an essentially con- 
tinuous control is obtained. Thus audio waves of 
frequencies up to 5000 may be reproduced with con- 
siderable faithfulness by a thyratron with 50,000-cycle 
plate voltage. 
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These hot cathode thyratrons have the same char- 
acteristics, when carrying current, as the rectifiers 
described above, and the same requirements, especially 
as regards disintegration voltage. 

In addition, the following special requirements are 
essential for thyratrons: 

1. The maximum filament voltage must not exceed 
the ionization potential, unless the filament acts as a 
heater only and is wholly enclosed. 

2. The grid must not emit electrons. 

3. The grid must shield the whole cathode from 
the anode. 

4, The gas pressure must not be so high that the 
positive ions persist for a half cycle. 

5. Gases which are ionized by contact with a hot 
filament, like Cs, Rb, and K, must not be present in 
appreciable quantity. 

These limitations are discussed more fully in the 
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complete paper. They do not apply to tubes whose grid 
mesh is so fine that the positive ion sheaths overlap 
under operating conditions. Such tubes can be 
operated in the presence of positive ions, but their 
characteristics are quite different from those under dis- 
cussion, and they will not be considered here. 

Thyratrons of the type shown in Fig. 7, giving 5 
amperes ave. current at any voltage up to 10,000, have 
been operated continuously for 6 months without 
change, and a useful life of several years is anticipated. 
There appears to be no limit to practical size, except 
that involved in the requirement that the grid shall not 
unite electrons. 

In the development work described in this paper 
the assistance of the whole research staff has been given 
but especially of Messrs. W. F. Winter, E. P. Lawsing, 
H. C. Steiner, and W. A. Ruggles, whose able coopera- 
tion is gratefully acknowledge. 
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Great Northern Railway Electrification 
in the Cascades 


BY EDWARD L. MORELAND! 
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Synopsis.—The paper gives first a brief history of the series of 
improvements to belter operating conditions over the Cascade Range 
which have been undertaken by the Great Northern Railway since 
the line was put in operation in 1893. 

The paper next gives (Part II) a description and the principal 
operating characteristics of the motor-generator type of locomotives 
now in service on the electrified section from Skykomish (Washing- 
ton) to Cascade Tunnel Station, and to be used through the new 
tunnel and eztension of electrification to Wenatchee when work now 
in progress 13 completed. 


PART I.—INTRODUCTION 


HE changes now in process on the Cascade Division 
of the Great Northern Railway are the latest 
steps in a series of important changes which have 

been made since this part of the railroad was put in 
full operation in 1893, all of which have looked toward 
improvement of operating conditions on the difficult 
mountain section over the Cascade range. The 
present changes include the construction of the new 
tunnel from Scenic to Berne (7.79 mi. long, the longest 
railroad tunnel in America), improvement of curves 
between Berne and Winton, the construction of the 
Chumstick cut-off from Winton to Peshastin, and 
completion of electrification from Skykomish to 
Wenatchee. 


1. Jackson & Moreland, Consulting Engineers, Boston, 
Mass. * 

Presented at the Pacific Coast Convention of the A. I. E. E., 
Spokane, Wash., Aug. 28-31, 1928. Complete copies upon request. 
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Part III gives a description of the-electric transmission and 
distribution system along the railroad line with particular em- 
phasis on the relay protection designed to guard the system 
80 far as practicable against interruption of power supply at the 
locomottves. 

Part IV describes the three-point power supply and includes a 
description of the frequency converter stations at Skykomish and 
Wenatchee for converting the 110,000-volt, 60-cycle, three-phase 
power purchased at these points to 25-cycle, single-phase power 
required for the traction service. 


The first major improvement in operating conditions 
over this section was the elimination of switchback 
operation by the construction of the present Cascade 
tunnel completed in 1901. 

The next major improvement was the electrification 
of this tunnel in 1909, which was undertaken to elimi- 
nate the serious smoke and gas conditions which had 
developed with increased traffie, and to improve 
operating conditions for heavy freight trains through 
the tunnel. This electrification was planned and 
supervised by Dr. Cary T. Hutchinson, as consulting 
engineer, and was a three-phase, 6600-volt system 
with two trolley wires, the rails being used as the 
third conductor. The locomotives were equipped 
with three-phase induction motors and could be 
operated at only two speeds. The steam locomotives 
were not removed from the trains but were pulled 
through the tunnel along with the trains. Electric 
power for operation of the system was supplied from 
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a small hydroelectric generating station built and 
operated by the Great Northern Railway at Tumwater, 
on the Wenatchee River. 

In 1925 the officials of the Great Northern Railway 
decided to take advantage of additional power available 
from the Tumwater power plant to improve operating 
conditions by electrifying the heavy grade section 
from Skykomish to Tye, and utilizing electric helpers 
on this section. On account of the complication of a 
double trolley and the operating limitation imposed by 


Fic. 1—Map or ELECTRIFIED SYSTEM OF GREAT NORTHERN 


RAILWAY IN THE CascaDE MOUNTAINS 


constant-speed operation inherent with the three-phase 
system, that system was not adapted for extension, and 
a single-phase, 11,000-volt trolley system with loco- 
motives of the a-c.—d-c. motor-generator type was 
selected by the railroad officials as suitable to utilize 
the available facilities and to give the required service 


MILES FROM GOLDBAR 


Fic. 2— PROFILE or GREAT NORTHERN RAILWAY IN THE 
CAscADE MOUNTAINS AFTER COMPLETION OF PRESENT 
LINE CHANGES 


which included operation of both heavy freight and 
passenger trains. This scheme employs d-c. traction 
motors supplied with d-c. power by means of a motor- 
generator set carried on the locomotive. "This system 
went into operation in February, 1927, over the 25 mi. 
from Skykomish to Cascade Tunnel Station. 

For this service four electric locomotives were pro- 
vided, descriptions of which are given later. The 
method of operation, on east-bound traffic, is to pull 
the trains into Skykomish by steam power, and there, 
at the foot of the heavy grade section, couple on one or 
more electric locomotives to pull the trains up the 
grade and through the tunnel. On account of the 
relatively short length of the present electrified zone, 
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the steam locomotives are not taken off the trains but 
are run on through, assisting in pulling up the grade 
to Tye, but shutting off while passing through the tunnel 
from Tye to Cascade Tunnel Station. This method of 
operation has cut approximately three and one-quarter 
hours off the normal running time of freight trains 
between Skykomish and Cascade Tunnel Station. 

The electric locomotives are also used to take trains 
down the grade west-bound from Cascade Tunnel 
Station to Skykomish, utilizing regenerative braking. 

Comparatively soon after this improvement was 
conceived it was decided to improve operating con- 
ditions still further by construction of a new tunnel, 
now nearing completion, and to extend the electrifica- 
tion eastward to Wenatchee. 

When these changes are completed the electrification 
will extend from Skykomish, at the foot of the heavy 
grade section west of the Cascades (84 mi. by rail 
from Seattle), to Wenatchee, Wash., a total distance, 
via the new tunnel, of approximately 72 mi., and all 
through trains will be operated with electric traction 
between these points. 


PART II.—ELECTRIC MOTIVE POWER 


The motive power for the electrification from Sky- 
komish to Wenatchee will consist entirely of motor- 
generator locomotives. The railway company now has 
in use two double-cab locomotives and two single-cab 
locomotives, and they have on order three more of the 
double-cab locomotives and two more single-cab loco- 
motives. Eachof the locomotives has geared, axle-slung, 
d-c. traction motors and has motor-generator apparatus 
which is mounted in the cab on a cab underframe. The 
single-phase power for the motors of the motor-genera- 
tor sets is obtained by pantograph from the contact wire 
at 11,000 volts, 25 cycles. It is transformed to 1240 
volts on the double-cab locomotive and to 2300 volts 
on the single-cab locomotives. Single-phase syn- 
ehronous motors operating at these respective volt- 
ages drive d-c. generators, which supply the d-c. energy 
to the traction motors. 

On the double-cab locomotive the motor-generator 
set js started by means of the main d-c. generator 
operated substantially as a series d-c. motor supplied 
with power from a 125-volt storage battery. When 
brought up to approximately one-third speed the 
synchronous motor is thrown on the line at reduced 
voltage as an induction motor, by which means it is 
accelerated to approximately 80 per cent of full speed 
before the excitation is applied. Normal voltage is 
applied after the motor is in synchronism. The speed 
of the locomotive is chiefly controlled by varying the 
voltage of the main d-c. generator by adjustment of its 
field current by adjustable resistance controlled through 
contactors. Higher speeds may be obtained by putting 
the traction motors on to separate excitation, under 
which conditions the field strength can be reduced 
approximately 50 per cent. | 

On the single-cab locomotive a d-c. generator used 
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for separately exciting the traction motors for regenera- 
tive braking is also used as a single-phase series a-c. 
motor for starting the motor-generator set, in the latter 
function being connected to a special winding on the 
main locomotive transformer. The speed of the loco- 
motive is chiefly controlled by varying the voltage of 
the d-c. generators by adjusting the field current by 
adjustable resistance controlled through contactors, 


but the traction motors are equipped with field shunting . 


means, with two operating positions, which permit 
operation down to 50 per cent of field strength. 

A summary tabulation of the mechanical and electri- 
cal characteristics of these two types of locomotives is 
presented in Table I. 


TABLE I 
LOCOMOTIVE CHARACTERISTICS 


General Electric Westinghouse 
Co. Elec. & Mfg. Co. 
Single Cab Double Cab 
Locomotive Locomotives 
Number of locomotives............ 4 5 


Mechanical 


Classification................L.. 1 -C -C-1 1-D-1 +1-D-1 

Total weight each locomotive..... 515,000 Ib 715,000 1b. 

Weight on drivers............... 409,800 Ib 549,600 Ib. 

Weight per driving axle.......... 68,300 Ib 68,700 Ib. 
Maximum rigid v heel base......... 15 ft. 4 in 16 ft. 9 in. 

Total wheel base................ 58 ft. 8 in 78 ft. 11 in. 

Height over pantograph locked 

down.......... CEEE ETENE 15 ft. 3 in. 15 ft. 10 in. 

Electrical 

Number of motors.............. 6 8 


550 per motor 541 per motor 
3300 per loco-| 4 4330 per loco- 


( motive motive 
Tractive effort 1 hr. rating....... 67.200 Ib. 112,500 ib. 
Speed full field 1 hr. rating........ 18.2 mi. per hr. 14.4 mi. per hr. 
Horsepower cont. rating......... 3,000 3,600 
Tractive effort cont. rating....... 60,500 Ib. 85,500 Ib. 
Speed full field cont. rating....... 18.6 mi. per hr. 15.5 mi. per hr. 
Voltage synchronous motor...... 2,300 1,240 

750 each, 600 
Voltage d-c. generators.......... { (NOU Rories 
600 volts all 


1500 volts on two 
l motors perma- | motors in parallel 
nently in series 


Voltage on traction motors....... 


Capacity of motor-generator set 


Continuous... aoaaa aaa 1-2500 kw. 2-1500 kw. each 


PART III.—ELEcTRIC DISTRIBUTION SYSTEM 


Contact System. The sections of the railroad in- 
cluded in the electrification consist almos: entirely of 
single main track construction. 

Wood pole and bracket construction is used in general 
for all single track work, except on some curves where 
cross-span is used. Miulti-track construction is of the 
cross-span type except where guyed structures could 
not be employed, and at these points wooden poles 
with expanded metal trusses are used. 

The catenary system employed consists of a combina- 
tion of inclined catenary on the curves and simple 
catenary with loop hangers on the tangents. A com- 
posite main messenger of high tensile strength and a 
single bronze contact wire are used in all sections except 
through the New Cascade Tunnel where a copper 
messenger and a copper contact wire are permissible 
because of the lower temperature ranges and consequent 
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lower stringing tensions. Bronze contact wires on 
the system in general were justified, because of high 
strength rather than for wearing qualities, since the 
traffic over the line is relatively light. 

It was found that 150-foot span lengths could be 
maintained on tangents and on all eurves up to and 
including 6 deg. Curves of 7 deg. and 8 deg. were 
designed up to a maximum span length of 120 ft.; 
9 deg. curves up to 105 ft.; and 10 deg. curves up to 
90 ft. 

Bonding. Gasweld bonds have been used throughout 
the entire electrification. The initial installation 
employs one 2/0 double-strand U type Gasweld bond per 
rail joint. The new installation, at present under con- 
struction, will employ two No. 2 Gasweld single-strand 
bonds per rail joint. All special work is bonded with 
4/0 bonds. Impedance bonds are installed adjacent to 
each substation location. 

Relay Protection. The protection which is required 
is against faults in the substation itself, faults on the 
11,500-volt contact wire system and faults on the 
44,000-volt transmission system respectively. 

For the clearing of faults occurring in a transformer 
substation differential current protection is used, the 
relays being energized by bushing type current trans- 
formers in the incoming 44,000-volt transmission line 
oil circuit breakers and in the outgoing 11,500-volt 
trolley feeder circuit breakers. 

Protection for faults on the contact wire system 
and its feeders is provided by one directional impedance 
type relay in each such feeder. 

To guard against the possibility of a sustained high 
resistance short circuit over heating the transformers 
the contact making thermometers with which the 
transformers are equipped, located inside the trans- 
former cases, in addition to ringing an alarm bell, are 
arranged also to close the trip circuit and cut the 
substation out of service, if the temperature of the 
transformer exceeds a predetermined safe limit. 

By these two arrangements, adequate protection for 
faults on the contact system is secured at a minimum 
of cost. 

The protection for the 44,000-volt incoming lines 
at the transformer substations imposes rather exacting 
requirements upon the relay arrangement. Each 
44,000-volt line is tapped, through a circuit breaker, 
into a common bus at each of the transformer sub- 
stations. Consequently, a fault consisting of a ground 
or of a wire to wire short-circuit occurring on one of 
these circuits between any two substations requires 
the circuit breakers at the transformer substations to 
operate successively in the order of the progression of 
the substations away from the fault. For example, 
a fault on Circuit Number 1 between Winton and 
Tumwater requires the successive operation of circuit 
breakers at Winton, Berne, Scenic, and Skykomish, 
in the order given, before the fault is cleared fromthe 
system. Two relays are used in each transformer sub- 
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Three 2750 kv-a. transformers, 60 ~ 110/13.2 kv. 

Motor 13.2 kv. 60 ~, 3$, 8250 kv-a. 

Generator 13.2 kv., 25 ~, 1$, 7500 kv-a. 

Two transformers 7500/5000 kv-a., 44/13.2/11.5 kv., 

Two transformers 2500 kv-a. each, 44/115 kv., 25 ~ 

Two transformers 2500 kv-a. each, 44/115 kv., 25 ~ 

Two transformers 1500 kv-a. each, 44/11.5 kv., 25 ~ 

Two transformers 3750 kv-a. each, 6600/44,000 volt, 16, 25 ~ 
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4—TRANSFORMER SUBSTATION 
DIAGRAM WITH TRIPPING CircUITsS OMITTED 


Note: All disconnecting switches are normally closed 
Current transformers in transformer neutral leads are instrument type 
Al? other current transformers are bushing type 
Contact making thermometer in each transformer is arranged to trip all 
four circuit breakers in case of excess transformer temperature 
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6600-volt bus 
Three generators 2500 kv-a. each, 6600 volt, 3¢, 25 ~ 
Two transformers 1500 kv-a. each, 44/11.5 kv., 25 ~ 
One transformer 2500 kv-a.. 44/11.5 kv., 25 ~ 

. One transformer 7500/5000 kv-a.. 44/11.5 kv., 25 ~ 

. Generator 13.2 kv., 25 ~, 16, 7500 kv-a. 

Motor 13.2 kv., 60 ~, 36. 8250 kv-a. 

Three transformers 2750 kv-a. each, 60 ~, 110/13.2 kv. 
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station to take care respectively of short circuits and 
ground faults, one (marked relay P in Fig. 4) being a 
directional over-current relay actuated by heavy un- 
balance between the line currents in the two incoming 
transmission lines and the other (marked relay Q) 
being a directional over-current relay actuated by 
slight unbalance between currents in the two trans- 
mission lines associated with flow of current in the 
neutral ground connection of a substation transformer. 
Fig. 4 shows diagrammatically the connection utilized 
for these two relays. 

Auxiliary locking relays are provided to prevent 
opening of the circuit breaker on the good line as a 
result of rebound of the directional element after a 
circuit breaker on a faulty line has opened. 


PART IV.—ELECTRIC POWER SUPPLY 


The power requirements for electric service in the 
section from Skykomish to Appleyard are materially 
in excess of the capacity available from the present 
Tumwater plant. A plan was therefore worked out 
whereby the Puget Sound Power & Light Company 
took over the operation of the Tumwater power station 
and contracted to sell to the railroad all of the electrical 
service required for operation of the railroad west of 
Wenatchee. To meet the requirements of the electri- 
fication now in operation between Skykomish and 
Cascade Tunnel Station the power company supplies 
25-cycle, single-phase power to the railroad company's 
step-up substation at Tumwater, and also supplies 
60-cycle, three-phase, 110,000-volt power at Gold Bar 
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for transmission to a frequency converter station at 
Skykomish, the western end of the present electrifica- 
tion. To meet the added requirements imposed by 
extension of the electrification to Appleyard (We- 
natchee), power will also be delivered by the power 
company at Wenatchee, at 60 cycles, three-phase, 
110,000 volts, where it will be converted to 25-cycle, 


single-phase power for transmission to the transformer . 


substations. Under the terms of the power contract 
the demand for billing purposes is determined from the 
simultaneous demands at the three points of delivery. 
Fig. 3 shows in diagrammatic outline the circuit 
and substation arrangements for the completed electri- 
fication from Skykomish to Appleyard. 
~- Theplan developed gives three points of power supply, 
namely, at Skykomish, Tumwater, and Wenatchee, 
with double circuit, single-phase, 44,000-volt trans- 
mission lines connecting the three sources of supply and 
serving the intervening transformer substations along 
the railroad route. With this arrangement failure of 
any one source of supply or failure of both 44,000-volt 
transmission circuits at any one point cannot cause 
serious interruption of railroad service. 


The two frequency converter stations, at Skykomish 
and Wenatchee, are supplied with 60-cycle current from 
transmission lines feeding from two separate points in 
the power company’s system, the line supplying 
Skykomish coming from the Beverly Park substation, 
and the line supplying Wenatchee coming from the 
White River generating station, so that the probability 
of simultaneous failure of high-tension power supply at 
Skykomish and Wenatchee is minimized. An inter- 
connection between the Puget Sound system at Wenat- 
chee and the Washington Water Power Company’s new 
hydroelectric plant at Lake Chelan has recently been 
put in operation and will still further add to the as- 
surance of continuity of power supply. 

At the Skykomish frequency converter station power 
is received at 110,000 volts, three-phase, 60 cycles, and 
is stepped down to 13,200 volts, three-phase, passed 
through a 7500-kv-a. frequency converter, which 
converts the power to 25 cycles, single-phase, at 13,200 
volts, which is stepped up to 44,000 volts for trans- 
mission to the transformer substations. Each fre- 
quency changer is equipped with a stator shifting device. 

In the original installation at Skykomish, 25-cycle, 
single-phase power for the contact system on the rail- 
road was obtained by stepping down from 44,000 volts 
to 11,500 volts through separate transformers. ‘These 
separate transformers are now being replaced by 
tertiary windings on the transformers that are used to 
step the 25-cycle voltage up from 13,200 volts to 
44,000 volts. 

The frequency converter station at Wenatchee, 
which is now under construction, has the same essential 
characteristics as the Skykomish frequency converter 
station, and will be provided with a tertiary winding 
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transformer for stepping the 13,200-volt, 25-cycle 
power up to 44,000 volts for transmission to the trans- 
former substations, and for supplying 11,500-volt power 
to the contact system at Wenatchee. 

The type of construction employed at the frequency 
converter stations is as simple and inexpensive as is 
consistent with the reliability requirements. 

The transmission system connecting the transformer 
substations along the line with the frequency converter 
stations and the Tumwater power station consists of 
a double-circuit, single-phase, 44,000-volt trans- 
mission line running from Skykomish to Tumwater and 
from Tumwater to Wenatchee, and tapping into the 
various transformer stations between these points. 
Over a large part of the route these circuits are carried 
on the wood poles which support the contact system. 


The transformer substations are fed from both of the 
transmission circuits through oil cireuit breakers, and 
the relaying on the transmission system is so arranged 
that a fault on any one circuit will remove the circuit 
complete from Skykomish to Tumwater or Tumwater to 
Wenatchee, as the case may be, and will open the sub- 
station breakers connected to the faulty line, leaving 
the operation of the substations unimpaired by any 
single line fault. 


The transformer substations along the route are in 
general of the two unit type, and consist of outdoor 
equipment with a high-voltage, single-phase, 44,000- 
volt bus, and a low-voltage, single-phase, single-conduc- 
tor, 11,500-volt bus. "The transformers in each sub- 
station in normal operation are tied solidly to the 
11,500-volt bus, with the sectionalizing switch in the 
center of the bus closed. The two transformers at each 
substation (where two transformers are installed) are 
hence normally operated as a single unit. The relaying 
necessary for this method of operation is described in a 
previous section. This method of operation as com- 
pared with operation with the 11,500-volt bus section- 
alized permits a more effective utilization of the trans- 
former eapacity, since each transformer is available 
for service to locomotives on either side of the air 
section break in the contact conductor, but might not 
be possible if the right-of-way were closely paralleled 
by communication circuits. 

The detailed plans and specifications for the electrifi- 
cation were prepared by the railroad company’s engi- 
neering staff under the direction of Colonel F. Mears, 
Assistant Chief Engineer in charge of the work in the 
west end of the system, in cooperation with the con- 
sulting engineers. The construction work on the 
extension of the electrification is, with a few minor 
exceptions, being carried out by the company’s own 
forces. Mr. D. M. Burckett and Mr. J. E. Hawe are 
the principal assistants of Colonel Mears in direct 
charge of the electrification work. The construction in 
connection with the electrification is being carried out 
under their direction and supervision. 
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The Electrolytic Zinc Plant of the Sullivan Mining 
Company 


BY ELLERY R. FOSDICK' 


As30ci3t3, A. I. E. E. 


Synopsis.—T his 
electrolytic zinc plant of the Sullivan Mining Company, located 
near Kellogg, Idaho. The first unit which has just been completed 
has a capacity of 50 tons of slab zinc per day. Provision has 
been made for two additional unita which will bring the capacity up 
to 150 tons per day. : 


GENERAL 


HE Sullivan Mining Company is owned jointly by 
the Bunker Hill Sullivan Mining and Concentrat- 
ing Company and the Hecla Mining Company. 

It owns the Star Mine, located near Mullan, Idaho. 
Thismine, by means of an 8900-ft. cross-cut, is connected 
with the 2000-ft. level of the Hecla Mining Company's 
shaft. A complex silver lead-zinc ore is mined in 
the Star ground, trammed through the cross-cut, 
raised through the Hecla shaft, and then shipped to a 
concentrating mill at Kellogg. The zinc concentrate 
from this mill is then taken a distance of one mile to the 
electrolytic zine plant. Zine concentrate from sources 
other than the Star Mine will also be treated, this being 
a custom plant which will afford an outlet for the 
refractory and complex zinc ores of the Coeur d’Alene 
district. Construction on the first unit was started in 
August 1926 and was practically completed by August 
1928. 

The erection of this plant is the result of much ex- 
perimental work in developing a method of treatment 
for these ores. The plant has a nominal capacity 
of 50 tons of slab zinc per day but provision has been 
made for additional units to increase the capacity to 
about 150 tons daily. 


METALLURGY 


The Sullivan Plant employs the ‘‘Tainton-Pring’’ 
electrolytic process, which is based on the use of strong 
acid in leaching and of high-current density in the 
electrolysis. 


. Concentrate. Briefly outlined, the process is as 
follows: Zinc coneentrate is roasted and the roasted 
calcine is magnetically separated into two parts, (1) a 
magnetic portion containing most of the iron and the 
zinc ferrite which is formed in roasting the ore, and 
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The Washington Water Power Co., 


paper describes the recently constructed — 


The "Tainton-Pring" electrolytic process, which uses strong acid 
for leaching and high-current density for electrolysis, is employed 
in this plant. 

The metallurgical process and the physical layout of the plant are 
briefly described, after which there follows a general discussion of 
the electrical features. 


(2) the non-magnetic part containing practically ai 
zinc oxide. 

Leaching. The magnetic portion containing the zinc 
which is not readily soluble is added to the hot, strong, 
28 per cent acid, which attacks and dissolves the zinc 
compounds. The oxide portion is then added to this 
pulp to neutralize the unconsumed acid and to precipi- 
tate iron and other impurities which have also been 
dissolved by the acid. 

Purification. The pulp is then filtered. The zinc 
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solution is agitated with metallic zinc to precipitate 
cadmium, copper, and cobalt. It is then filtered again 
after which the neutral zinc sulphate solution goes to 
the electrolytic cells. 


Electrolysis. The electrolytic cells operate at an 
acid range between 22 and 28 per cent sulphuric acid. 
When the acid reaches the upper limit, a portion of the 
solution is withdrawn from the cell solution circuit and 
a corresponding volume of neutral zinc sulphate solu- 
tion is added. This reduces the acid strength to the 
lower limit. The strong acid which is withdrawn is 
used in the leaching of the calcine as previously de- 
scribed. The process is thus cyclic. 
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The heat developed in the electrolysis raises the 
temperature of the electrolyte. This, therefore, is 
circulated through coolers consisting of lead-lined 
boxes in which are placed lead pipe coils through which 
cold water is flowing. The flow of warm electrolyte is 
counter current to that of the cooling water in the coils. 
The electrolyte, after being cooled, returns to the cells 
in continuous circuit. 


SUBSTATIONS 


Power Supply. Two transmission lines feed the 
Washington Water Power Company’s switching station, 


Fic. 3—ANOTHER VIEW OF ELECTROLYTIC ZINC PLANT SHOWING 
PowER PLANT 


one being a 110-kv. transmission line from the East 
Side Substation at Spokane, and the other, a 60-kv. line 
from the Post Falls Generating Plant. The 60-kv. 
line is connected through a 15,000-kv-a. transformer 
bank to the 110-kv. line. Continuity of service is 
further insured by a third line operating at 110 kv., 
extending from this switching station through the 
larger substations of the Coeur d’Alene Mining District 
and at a point near Burke, Idaho, joining the 110-kv. 
line from the Montana Power Company’s Thompson 
Falls Plant. 
SYNCHRONOUS MOTOR-GENERATOR SETS 

Choice of Generating Equipment. After carefully 
considering the demand to be made upon them and the 
reliability of the source of power, two three-unit 
synchronous motor-generator sets were chosen to 
supply direct current to the electrolytic cells. Although 
their efficiency is somewhat lower, it was thought best 
to use synchronous motor-generator sets instead of 
booster synchronous converters. The following are 
some of the advantages in favor of synchronous motor- 
generator sets for this particular installation: 

1. They are more stable, not being affected to such 
a great extent by surges in the long transmission lines. 

2. It is easier to attain automatic regulation with 
them, as they require fewer automatic features. 


3. They havea wider range of voltage. 


4. They will correct the power factor of the total 
plant load. 
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5. Only one 110-kv. transformer bank and one 
110-kv. oil circuit breaker with the accessory equip- 
ment are needed. A synchronous converter producing 
500 volts, d-c., would not operate at a voltage on the 
a-c. side which would be suitable for power distribution 
about the piant. It would therefore be necessary, 
when using synchronous converters, to have a second 
110-kv. transformer bank for this service. 

Synchronous Motor-Generator Sets. The synchronous 
motor-generator sets are of General Electric Company 
manufacture and supply the current for each electro- 
lytic cell unit of 150 cells. The normal output is 8000 
amperes, d-c., at 500 volts. The synchronous motor of 
the generating unit is rated at 4400 kv-a., 2300 volts; 
speed, 514 rev. per min. On each end of the motor 
shaft is a 4000-ampere, 500-volt shunt-wound d-c. 
generator. A direct-connected exciter supplies field 
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current for both the synchronous motor and the d-c. 
generators. 

The following tables give the efficiencies of the syn- 
chronous motor-generator sets and transformers: 


Per cent 
maximum 
Power eurrent load 
factor Full load 34 load 1 load for one min. 
1.0 ^ 92 91.3 89.0 150 
110-kv. transformers 
Power factor Full load 34 load Y5 load 
1.0 99.0 99.05 98.95 


Including transformer losses, the synchronous motor- 
generator sets when operating atfull load have an 
efficiency of 91.0 per cent. 

D-c. Busses. Direct current is carried from each 
generator to the circuit-opening devices by five bars at 
\y-in. by 6-in. copper. In each generator positive bus is 
a 6000-ampere, 650-volt d-c. air circuit breaker. Each 
negative bus has two 3000-ampere, 500-volt knife 
switches, connected in parallel. After passing through 
the circuit-opening devices, the two negative busses and 
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the two positive busses each combine to form a bus of 
10 bars of l4-in. by 6-in copper. These carry the 
8000 amperes of direct current to the electrolytic cells 
in the cell room. The total amount of bus copper used 
for carrying the current to the electrolytic cells weighs 
61,700 Ib. 

Automatic Regulation. The cyclic variation in the 
conductivity of the electrolyte, taken in conjunction 
with periodic shut-downs of electrical apparatus 
for cleaning, oiling, and brush attendance, made it 
imperative to adopt some means for obtaining constant 
kilowatt input to the synchronous motors in order to 
maintain the desired load factor. Automatic regulating 
equipment for this purpose was furnished by the General 
Electric Company, and regulation is obtained in the 
following manner: 

Current transformers and potential transformers in 
the 2300-volt power cables to the synchronous motors 
of the motor-generator sets (see Fig. 7 for wiring dia- 
gram) have their secondary windings connected to the 
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Fic. 7—Rear View or SwITCHBOARD WIRING DIAGRAM 


control element, or contact-making wattmeter of the 
automatic regulator which is mounted on a control 
panel of the main switchboard. This control element, 
through a timing device, closes one of two pairs of 
contacts at regular intervals, or does not permit either 
of them to close until some fluctuation in load causes a 
change in power taken by the synchronous motor. 
When a pair of contacts close, they complete a circuit 
by means of an auxiliary contactor through the field 
rheostat head driving motors of both generators. The 
driving motor circuits closed cause the driving motors 
to rotate the field rheostat brush-arms. This regulates 
the field current so as to change the generator loads, 
either increasing or decreasing them as needed, and 
o changes the power taken by the synchronous motor. 
Machine Ventilation. In considering the ventilation 
of the synchronous motor-generator sets, the usual 
problem of washing and cooling air was encountered; 
and in addition to this, it was necessary to make sure 
that no air was sent through the machines without first 
going through the air washers. 
The gases that leave the stack will have a large 
amount of sulphur dioxide in them, which being readily 
soluble, combines with atmospheric moisture to form 
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sulphurous acid. Even though the top of the stack is in 
& favorable air current and some 500 ft. above the gen- 
erator room, it may happen that some of this sulphur 
dioxide and sulphurous acid will be present in the air 
taken in for machine ventilation. There is also the 
ventilating air from the cell room which, at times, may 
contain à mixture of dilute sulphuric acid and zinc 
sulphate solution. "This may also be in the air supplied 
to the machines; hence, it was thought advisable to 
wash the air thoroughly to remove both of these and 
any sulphurous acid which might be present. 

A semi-enclosed system of machine ventilation was 
installed. The generator building itself was used as 
the enclosure for the machines. Enough cool air is 
drawn in from outside the building to keep the tempera- 
ture of the air being drawn in through the washers 
down to approximately 65 deg. fahr. Air is drawn 
through the air washers located in the basement, and 
is discharged into the basement by blowers. This 
washed and cooled air passes through louvered openings 
into the machine foundations, is taken up by the 
machines, circulated through them, and discharged 
into the generator room. From here, it is drawn down 
again into the washers, mixing with the desired amount 
of cool air from the outside to maintain the correct 
temperature, and the cycle is repeated. The inside of 
the building is under a static pressure of about l4 in. 


in the generator room and 5 in the basement so 


that any leakage is out of the building rather than into 
it, which eliminates the possibility of any acid gas fumes 
around the machines and switchboards to injure insula- 
tion or tarnish metal fittings. 

The temperature of the air flowing into the air 
washers is automatically maintained by means of ther- 
mostatically controlled louvers, a double set being 
used, one set opening into the building from the air 
washer intakes, and the other set opening to the outside 
of the building. These are mechanically interlocked 
so that as one opens, the other closes. When cool air 
is being drawn from the outside, a similar amount of 
heated air will be discharged through louvers at the top 
of the building. 

ELECTROLYTIC CELLS 


Cell Construction. Each electrolytic cell contains 
10 aluminum cathodes and 20 lead anodes. The 10 
aluminum cathodes are approximately 1 ft. 884 in. by 
3 ft. 434 in. by 5/32 in. thick, and are suspended in the 
electrolyte contained in a lead-lined wooden box. Each 
cathode has two lead alloy anodes, one arranged on 
each side, and each one spaced J4 in. from the cathode. 
The anodes which are slightly smaller than the cathodes 
are approximately lí in. thick. Each cell group con- 
sists of 150 cells with the electrical circuit connected 
in series. The present installation consists of two such 
cell groups. Fig. 8 shows the cells before the anodes 
and cathodes were installed. ; 

Anodes and Cathodes. 'The lead alloy anodes are 
made in the form of flat grids, being perforated with 
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square holes. The aluminum cathodes are smooth, 
flat sheets. 

Two anodes are used with each cathode, 

1. To facilitate the flow of electrolyte between the 
anodes and cathodes. 

During electrolysis the circulating electrolyte enters 
the space between the anode and cathode through the 
holes in the anode. By using two anodes for each 
cathode it is possible to have a space between the two 
anodes of the two adjacent cathodes from which is 
taken the supply of electrolyte that is circulated be- 
tween the anode and cathode. Thus, the zinc content 
of the solution at all places between the anode and 
cathode is nearly uniform. 

2. To reduce the current density intheanodesand so 
reduce electrical losses, resulting in higher cell efficiency. 

3. To reduce gassing at each anode. More gassing 
takes place at the anodes than at the cathodes. Ex- 
cessive gassing at the anodes will result in gas pockets 
which reduce the amount of surface of the anodes which 


Fig. 8—ErLEcTROLYTIC CELLS 


are exposed to the electrolyte and so lower the cell 
efficiency. 

Electrolyte. Purified zinc sulphate solution is fed to 
the cells and recireulated until approximately 90 per 
eent of the zinc has been extracted from it. The 
purified solution going to the cells contains over 20 
percent zinc. The liquor returned to the agitator tanks 
after the zinc is removed contains approximately 28 
per cent acid. The cell solution is circulated con- 
tinuously and at intervals, a portion is removed to the 
acid storage tanks. 

There is parallel flow of electrolyte to the cells; 
that is, each individual cell of the series is fed from a 
common supply and the effluent electrolyte from the 
cells is collected in a common sump from which it is 
pumped back to the supply tank, thus completing the 
circuit of flow. The electrolysis is continuous so that 
the electrolyte is gradually depleted of its zinc content 
and increased in acidity. In respect to the electrolyte, 
the process is cyclic in its operation but continuous in 
respect to the electrolysis. 

The decomposition voltage of zinc sulphate is 2.36 
volts, but the minimum allowable voltage per cell is 
3.1 volts in order that zinc may be positively deposited 
on the cathodes. Each cell acts naturally as a storage 
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battery, so that if short-circuited, there is a counter 
e. m. f. of 2.7 volts per cell. There is, of course, a very 
heavy instantaneous current flow which falls rapidly to 
zero. 

The potential drop per cell depends upon several 
factors, such as conductivity of the electrolyte, and the 
spacing and composition of the electrodes. Due to 
the fact that several of these variables may be subject 
to change in practise or upon further developments of 
the process, there is a possible range of 3.4 volts to 3.7 
volts per cell with an average of 3.55 volts. These 
conditions may be met by varying the number of cells 
in series, and provisions have been made for this in 
selecting 150 as the number of cells per circuit. 

Current Density. The 150 cells of any one unit are 
connected electrically in series. The 10 cathodes in 
each cell are connected in parallel and divide the 
8000-ampere current flow equally among them. Hence, 
there are 800 amperes flowing in each cathode, and the 
current flow at each surface of the cathode is 400 
amperes. The current density at each surface of the 
aluminum cathodes is therefore slightly less than 100 
amperes per sq. ft. | 

Current density in the cells is limited by two factors: 
(1) It may be as high as the cell will permit without. 
excessive circulating and recurrent cooling of the solu- 
tion before returning it to the agitator tanks. (2) It 
is limited by the necessity of keeping down power 
consumption. 

Cell Efficiency. Calculations on zine tonnage and 
other factors are based upon 85 per cent current 
efficiency. Under normal operating conditions, the 
efficiency is considerably in excess of this, but at times 
it may fall to 80 per cent due to impure solutions. 

Stripping Zinc Deposit. The electrolytic zinc de- 
posited on the aluminum cathodes can be stripped at 
varying intervals of 12, 18, or 24 hr. The stripping 
is done without interrupting the circuit. A cathode is 
disconnected from its clips by being raised and sus- 
pended above the cell for drainage of acid electrolyte. 
The zinc is then stripped from the aluminum cathode 
and the latter is replaced in its copper clips. A group 
of five or ten cells in a unit of 150 cells can be short 
circuited at one time by a copper bar carried on an 
overhead track. After the short-circuiting bar is in 
place across the header bars, these cells may be cleaned 
and repaired before being again placed in service. 


CONCLUSION 


Throughout the design of the plant every effort was 
made so to select and install equipment such as would 
facilitate flexibility of plant operation. This is par- 
ticularly desirable in a plant of this type in order that 
refinements in the metallurgical processes can be added 
without radical changes to the initial installation. 

The writer wishes to acknowledge the helpful sug- 
gestions of Messrs. A. C. Stevenson, James B. Fisken, 
and L. R. Gamble, and the assistance of Mr. W. G. 
Woolf in the preparation of this paper. 
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Synopsis.—This paper presents the history of the operating 
experience and surge voltage recorder data for the years 1926 and 
1927, on the first 220-kv, line 1n the east. 

The system of the Pennsylvania Power & Light Company 
is described. | Lightning weather data, design characteristics 
of the 220-kv. line involved, and details of connection 


GENERAL 


HE system of the Pennsylvania Power & Light 
Company is located in the northeastern part of 
Pennsylvania. The present major network and 

primary distribution is operated at 66,000 volts. Over 
50 per cent of this 66-kv. network is on wood pole lines. 
This 66-kv. system, at present, is connected at Siegfried 
with the hydroelectric station at Wallenpaupack by 
means of a 220-kv. transmission line, which was placed 
in operation in 1926. Although it was the first line 
operating at this potential in the East, of far more 
importance is the fact that it was the first 220-kv. 
line in lightning infested territory, and for this reason 
it afforded the first substantial experience, with oppor- 
tunity to study the effects of lightning on a line and 
equipment insulated for 220-kv. operation. 


LIGHTNING WEATHER DATA 


The map (Fig. 1) indicates the principal mountain 
ranges and valleys and the paths of lightning storms 
during 1927. "The solid lines denote the main general 
paths of the storms, while the broken lines indicate 
divergencies and show how storms break up and follow 
different routes. 


For the year 1927, this map also shows, the 
number of lightning storms reported from various 
locations. From this information it may be seen that 
the system under discussion is subjected to lightning 
storms in excess of the average over the country.? 


OBJECT OF SURGE VOLTAGE STUDY 


The importance of successful operation of large trans- 
mission systems cannot be overemphasized, and the 
minimizing of the effects of voltage disturbances caused 
by flashovers due to lightning is of importance. In 
eastern territory lightning is a major and uncontrollable 


1. Assistant to General Superintendent, Pennsylvania Power 
& Light Co., Allentown, Pa. 

2. Overhead System Reference Book, N. E. L. A., p. 479, 
Table 122. 

Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25-29, 1928. Complete copies upon request. 


and installation of surge voltage recorders are given. 

The study shows the magnitude of surge voltages encountered, 
method of classification, effect of our overhead ground wires, etc., 
and points out the necessity for comprehensive lightning research, 


which will permit a systematic solution of transmission problems. 
* $ è è * 


source of trouble and is the most complicated and least 
known phenomenon. As a result, the power industry 
has before it the big problem of lightning research— 
what lightning is, how to handle it, and how to apply 
this knowledge in obtaining better line performance. 

The comprehensive collection of operating data, 
supported by data from surge voltage recorders, labora- 
tory research, study, and correlation of facts, will un- 
doubtedly within a few years permit a systematic 
solution of transmission problems. 

The surge voltage recorder is a big and important tool 


Fic. 1—Map or PENNSYLVANIA Power & Licut Co. SYSTEM 


Showing major transmission lines, power plants, substations, and the 
path and number of lightning storms for the season of 1927 


in lightning research in the field. With certain limita- 
tions, it permits the study of lightning potentials, 
wave shape of impulses encountered on transmission 
lines, attenuation, effect of overhead ground wires, etc. 
It throws some light, also, on the little known 
phenomenon of the relation of lightning and power arcs. 

Of course the value of the data resulting from the 
study covered by this paper, (obtained during a short 
period of time), should not be overestimated, and 
deductions drawn cannot be considered as indis- 
putable facts. On the other hand, the possibility of 
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obtaining a mass of rather conflicting data at the outset 
should not discourage further studies, as its dependa- 
bility will increase with the length of period observed; 
t. e., with the number of lightning seasons. 


THE WALLENPAUPACK-SIEGFRIED LINE 


The terrain crossed by the Wallenpaupack-Siegfried 
Line is mountainous, quite rugged, rocky, and timbered 
at its northern end (where a maximum altitude of 2100 
ft. is attained) and a rolling farming country at the 
southern end. 

Table I gives the general characteristics of the line,’ 


TABLE I 


GENERAL CHARACTERISTICS OF THE WALLENPAUPACK- 
SIEGFRIED LINE i 


Erequeley 26.962 > tick Ed ee Shas 60 cycles 
Voltage— 
Between phases...................5. 220,000 volts 
Phase to ground................ l... 127,000 volts 
Normal crest volts to ground......... 180.000 volts 
60-cycle flashover (dry).............. 600,000 volts 


Line insulation flashover at lightning 
voltages, approximately............ 
*Protective gaps at stations—flashover 
at lightning voltages.............. 


1,800,000 volts 


1,300,000 volts 


Circuits os od ep IRURE T Ia ee deae 1 

Right-Of-Way.. oves dE VES xs 100 ft. cleared and danger 
timber cut 

Length.......... FIC UTEM emt 65 mi. 

Type of construction. ................. Steel tower 

Configuration of conductors............ 22.5 ft. flat 

Height of conductors at tower.......... 65.7 ft 

Height of ground wires at tower........ 75.5 ft 

Average Span... cc een 1,100 ft 

Maximum span.......... TC 2,400 ft 


Conductor. ove ee ADR ES ER 795,000 cm. A. C. S. R. 
*Ground wire—two.............. sees A. C. S. R. 
Insulators— 
Locke No. 7500 high strength unit: 
Suspension assembly.............. 14 units 
Tension assembly................. 16 unita 
Arc protection and grading............. Rings at line end, horns at 
ground end. 
Distance from grading ring to horn of 
suspension assembly................. 5 ft. 1134 in. 
Transpositions............. lee eee See Fig. 2 
Relays: 
Wallenpaupack................ ees. Overcurrent and ground 
Slepgfried... iuvene us EE WAGES Overcurrent and reverse power 


*Installed in 1927. 


and Fig. 2 indicates the terminal connections and is 
the one line diagram. Fig. 3 shows the standard “A” 
' type of tower. 

During the summer of 1927 (May-July) two overhead 
ground wires were installed for the approximate dis- 
tances of 20 miles at the Wallenpaupack (northern) 
end of the line, and of five miles at the Siegfried (south- 
ern) end. 


SURGE VOLTAGE RECORDERS 


The surge voltage recorder study was made co- 
operatively by the General Electric Company and the 
Pennsylvania Power & Light Company. The recorder 
used was the General Electric two-electrode instrument: 

3. ‘‘Wallenpaupack Hydroelectric Development," A. E. 
Silver and A. C. Clogher, Electrical World, July 24, 1926. 

4. Measurements of Surge Voltages on Transmission Lines Due 


to Lightning, by E. S. Lee and C. M. Foust, A. I. E. E. Trans., 
Vol. XLVI, 1927, p. 339. 
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which makes possible the measurements of transients 
by positive Lichtenberg figures. 

The instrument was connected to the line through a 
capacitance potentiometer consisting of a string of 
20 Locke No. 7500 disk insulators, one end of which 
was connected to the line and the other to ground. 
The instrument potential was obtained by a connection 
to the cap of either the second, third, or fourth insulator 
from the grounded end of the string depending upon 
potentiometer ratio desired. 

A typical surge voltage recorder installation is shown 
in Fig. 3. The recorder is installed on an elevated 
platform, which makes it inaecessible to unauthorized 
persons. Provision for grounding the instrument when 
itis serviced, as well as other features, are incorporated 
to make the installation safe. 

The Lichtenberg figures recorded on the photo- 
graphic films of the various instruments were interpreted 
as to magnitude, nature, and time of occurrence. Simul- 
taneous registrations on several instruments located 
at different points along the line have been grouped 
together and designated as a single surge. "The magni- 
tude of the surge voltage on the instrument was 
determined by figure size, and the magnitude of the 
surge voltage on the conductor was obtained by 
multiplying the recorded instrument voltage by the 
potentiometer ratio. All surge values given in this 
paper refer to the voltage between the line conductor 
and ground. 


220-Kv. OPERATION OF RECORDERS DURING 1926 : 


The 1926 study will be touched upon briefly to give 
a more complete perspective of the experience with the 


.line under study. 


During the 1926 season, the line was operated in two 
distinct periods,—from April 23 to August 14 at 220 
kv., and from August 15, 1926 to March 18, 1927, at 
66 kv. 


The locations of the instruments were so arranged as 
to obtain a maximum of data from the limited number 
of instruments. From Fig. 2 it may be seen that on 
phase A, there were instruments at each end with three 
along the line at approximately equal intervals. Phase 
B was equipped with instruments only at each end. 
Table III also contains information on potentiometer 
ratios used. 

During this period a number of severe lightning, 
storms passed over or near the line. Before the in- 
stallation of the instruments, five trip-outs were 
recorded, and after, thirteen trip-outs. After all, 
except for two apparatus trouble trip-outs, the line was 
returned to service at will after approximately one 
minute interval. Of these eighteen trip-outs, one 
was accidental, two were caused by apparatus troubles 
at Wallenpaupack, two resulted from flashovers between 
conductor and yard structural steel at Siegfried during 
lightning storms, and the remaining thirteen were 
probably caused by line insulator flashovers. At the 
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end of the summer season, a careful examination of 
each insulator string (by climbing towers) disclosed 
a total of 24 flashed insulators strings. It was impossi- 
ble to detect most of these flashed insulators from the 
ground on inspections made after each trip-out. In 
most cases, the insulator flashovers resulted, in a slight 
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66-Kv. OPERATION OF RECORDERS DURING 1926 

The 66-kv. operation necessitated a change of insula- 
tor potentiometer ratio. The line insulation was also 
changed from a 14-unit string to a 4-unit string by 
short-circuiting ten of the insulator units. This re- 
duction of line insulation extended for distances of 


DIEGFRIED 


SUBSTATION 


jen 


Fic. 2—One Line DIAGRAM OF WALLENPAUPACK-SIEGFRIED 220-Kv. LINE AND TERMINAL STATIONS 


Showing locations of surge voltage recorders, transpositions, protective gaps and overhead ground wires 


pitting of caps, rings, and horns, and burned and 
chipped spots on the porcelain, but in no case was an 
insulator damaged seriously. | 

On Fig. 5 is plotted the number of surges against 
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Type “A” tower potentiometer assembly and surge voltage recorder 


installation 


surge magnitude. 
recorded, 9 were 10 times normal. 


voltage. 


of 1.5 times normal. 


3— TYPICAL SURGE VOLTAGE RECORDER INSTALLATION 


Of the total of 30 lightning surges 
Switching resulted 
in 19 surge records with less than 3 times normal 
In addition, there was a total of 14 surges 
arising from unknown causes, having a maximum value 


three miles from Wallenpaupack and of three miles 
from Siegfried. With the exception of the installation 
at tower 17-1, the line insulation at each surge recorder 
station and at one tower on either side was similarly 
reduced. 

A total of three 66-kv. trip-outs was caused by light- 


s 
B p 
S 

LI IE. 
J 


LI Eg rrj | 
444+ 
A to aE 
eet tee ed 
NS BEN 


Q : D. i Te 
t 1 Í Pitesiwotmdi ipia t | 


Fia. 5—MAGNITUDE OF SuRGE VOLTAGES 1926 


ning flashover of insulators at tower 1-2 at the Wallen- 
paupack end on which ten units had been short cir- 
cuited. Surge voltages recorded showed that a maxi- 
mum of ten times normal voltage occurred during these 
trip-outs. The records from the station at tower 17-1, 
however, showed a voltage 29 times normal (based on 
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66-kv. line voltage), or 1560 kv. This appears to 
demonstrate that the insulation to ground is a factor in 
the determination of the maximum voltage to which 
surge voltages due to lightning, may arise. 


PREVENTATIVE AND PROTECTIVE MEASURES 


To secure greater safety to the apparatus against 
lightning surges of dangerous magnitude, two protec- 
tive measures were adopted during the spring of 1927: 


1. The installation, immediately adjacent to the 
terminal stations, of lightning protective or spillway 
gaps of approximately 1300-kv. impulse flashover, and 


2. The installation, for distances of approximately 
five miles, at each end of the line of two overhead 
ground wires. 


For the purpose of studying the effects of overhead 
ground wires and to further reduce the insulator flash- 
overs, an additional 15-mi. section at the Wallen- 
paupack end of the line was equipped with these ground 
wires. . Thus the line was protected by ground wires for 
20 mi. at the Wallenpaupack end, and for five miles at 
the Siegfried end, leaving the middle section of 40 mi. 
unprotected. (See Fig. 2). The 20 mi. section con- 
tains the highest in point of altitude, and in 1926 more 
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Fic. 6—SunaGE CLASSIFIED BY OrIGIN 1927 


than 50 per cent of insulator flashovers occurred on 
this part of the line. The overhead ground wire was 
metallically connected to the station grounds, and at 
ends away from the transformer stations, it was also 
effectively grounded through a nest of ground rods. 
No special provision was made to ground the tower legs. 


The protective gaps took the form of insulator 
assemblies equipped at each end with standard rings 
having separation of 42.5 in. These gaps were located 
on the transformer structures and on the first suspension 
towers at both stations. 
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1927 STUDY 


During the 1927 season, there were three distinct 
periods of operation. From March 13 to May 27, the 
line was operated at 220 kv. without overhead ground 
wires; from May 27 to July 25 it was deenergized and 
grounded for the purpose of installing the overhead 
ground wires; and after July 25 operated at 220 kv. 
with two overhead ground wires as described. 

Location of Recorders. By the close of the season, a 
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total of 34 instruments was connected to the line 
as shown on diagram, Fig. 2. 

Nature of Surge Voltages. The surges were classified 
as highly damped (HD) and slightly damped (SD). 

The “highly damped” figures are interpreted as being 
produced by a surge voltage which lasts for only a few 
reversals of polarity, such as less than five. The 
“slightly damped” figures are of uncertain origin. 
During the period the line was grounded and deener- 
gized, no SD figures were recorded. In this period, 
however, HD figures were quite frequently recorded 
during lightning storms. 

During the 1927 investigation, a total of 149 surges 
was recorded, ranging in magnitude from 1 to 11.6 times 
normal (180 kv. to 2100 kv.). 


Fig. 6 shows the number and maximum voltage of 
surges classified according to origin. 


Lightning Surges. Fig. 7 shows that 56 per cent of 
the lightning surges exceeded five times normal. The 
classification as to polarity shows that there are com- 
paratively few unidirectional surge voltages, although 
their magnitude may be quite high. "The majority of 
lightning surge voltages on this system were oscillatory, 
with no definite tendency for either the positive or 
negative wave to be higher. 


The curves of Fig. 7 show the relation between 
number and magnitude of surge voltages recorded. 
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On Table VI it may be seen that all unidirectional 
voltages recorded have HD characteristics. Negative 
polarity prevails in the HD oscillatory surge voltages 
in 9 out of the 13 cases. The SD figures, however, show 
only two of negative polarity out of a total of 30. The 


TABLE VI 
POLARITY OF HD AND SD SURGE VOLTAGES PRODUCED BY 
LIGHTNING 
1927 
Highest crest 
value 
Polarity Number Times normal 
(a) Unidirectional 
HD Positive................ 2 10 
Negative................ 3 1.9 
SD Positive. 2o sh ey ees 0 0 
Negative................ 0 0 
(b) Oscillatory 
HD: 
1. H.C. V. *Positive......... 4 8.6 
2. H.C.V. Negative........ 9 10.0 
3. H.C. V. Positive and Neg- 
ative equal.............. 0 0 
SD: 
1. H.C. V. Positive......... 7 11.7 
2. H.C. V. Negative........ 2 11.6 
3. H.C.V. Positive and Neg- 
ative equal.............. 21 11.6 


*H. C. V.—Highest crest value. 


HD figures in no case show equal magnitude of positive 
and negative voltages, whereas 20 out of the 30 oscilla- 
tory SD surge voltages are of equal positive and nega- 
tive value. 

Fig. 8 shows the profiles of typical HD surge voltages. 
Surge No. 38 occurred on July 26 during a general 
lightning storm after the ground wires were installed. 
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8—VoLTAGE PROFILES or HD LIGHTNING SURGES 


The transformer oil circuit breakers at both ends tripped 
with ground current indication at both stations. 
Relays indicated trouble on phase C. The protective 
gap on phase C at the yard structure at Wallenpaupack 
flashed over where a number of insulator units was 
blistered and the shell of one unit broken. 

Surge No. 51 occurred on August 13, 1927, during a 
general lightning storm, however, no trip-outs followed. 

These profiles give only an approximate and possibly 
an incorrect idea of the attenuation along the line. 
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In this connection, it must be borne in mind that there 
are a great many unknown factors involved. While 
these curves are based on simultaneous recordings on 
the instruments as the film moves slowly, there is a 
possibility that the voltage readings obtained were 
actually caused by a number of discharges occurring 
within a short time interval. Further, the recorder 
actually measures surge potential between line and 
tower. The location of neutral potential or “‘good 
ground” is uncertain. In dealing with surge voltages 
of very steep wave-front, ground resistances, although 
low, may be effective in determining potentials between 
line and tower. The -position and extent of cloud 
charge is also unknown. 


CONCLUSIONS 


1. During the investigations of 1926 and 1927 
surge voltages of a magnitude of 2100 kv. were re- 
corded during lightning storms. 

2. The majority of surge voltages due to lightning 
were oscillatory, although a few HD unidirectional 
surge voltages were recorded. 

3. The highest voltages recorded check fairly well 
with the prediction made from results of insulator 
calibration in the laboratory. 

4. Theline insulation apparently limited the magni- 
tude of lightning surge voltages. 

5. Not all of the maximum lightning surge voltages 
caused power arcs. 

6. No definite or reliable information was obtained 
on attenuation. 

7. The quantitative value of protection afforded 
by the overhead ground wire cannot be deduced from 
the limited data. 

8. The highest surge voltages correlated to switch- 
ing was four times normal (720 kv.), with practically 
all surges produced by energizing the line. All such 
voltages were of the HD nature. 

9. Many surge voltages were recorded with no 
possibility of assigning a definite cause to them. These 
voltages reached an extreme magnitude of 11.6 times 
normal (2100 kv.). 


FUTURE STUDY 


The surge voltage recorder study is being continued 
in 1928, and it is expected that more data will be ob- 
tained than in previous years. The 220-kv. switching 
also may furnish some valuable and interesting informa- 
tion. Furthermore, with the assistance of laboratory 
research, it may be possible to determine the relation 
and condition under which a lightning flashover will be 
followed by a power arc. This information is of im- 
portance in designing lightning proof lines. 

Acknowledgment is made to Messrs. C. M. Foust, 
A. L. Price, F. B. Menger, and W. R. Kleckner for 
analyzing and correlating the surge voltage data, and 
to Messrs. A. E. Silver, W. W. Lewis, E. S. Lee, 
W. E. Lloyd, Jr., and C. A. Jordan for directing the 
study and criticizing this paper. 


Abridgment of 
Heat Flow From Underground Electric Power 
Cables 


BY NEIL P. BAILEY: 


Non-member 


Synopsis.— The heat resistance of the soil surrounding under- 
ground cable ducts is usually large, and the path of the heat through 
the soil is not simple, especially when there are several adjacent 
ducts. This heat resistance and the path of the heat flow may be 
determined graphically, but except in the simpler cases, this method 
becomes very di ficult. 

The heat resistance of any one of several ducts can be calculated 
theoretically by making assumptions of unknown magnitudes. To 
check these calculations by testing actual installations would be slow 


OBJECT 


INCE the current-carrying capacity of an under- 
ground electric power cable is usually limited by 
heating, it is desirable to understand the manner 

in which this heat is dissipated. It must obviously 
pass through the cable insulation and sheath and across 
the air-space to the duct. Up to this point the path 
of the heat is quite definite and it is not affected by 
surrounding cables. After the heat leaves the duct, 
however, its path is not so obvious, and the heat flow 
from one duct is affected by that from adjacent ones. 

It is the object of this paper to present experimental 
verification of theoretical methods of calculating the 
heat resistance of the earth surrounding underground 
cable ducts. 


SYMBOLS 


Q = Rate of heat flow per unit length of duct 

T = Temperature 

r = Duct radius 

p = Any radial distance from the center of a duct 
S = Specific heat resistance 

C = Specific heat capacity 

t = Time 

d = Depth of a duct below the ground surface 

l = Spacing between duct centers 

R = Heat resistance per unit length of duct. 


DIRECTION OF HEAT FLOW 


The study of the heat flow from the ducts is facilitated 
by considering them as new cylindrical heat sources. 
Also, it is usually permissible to assume that the ducts 
are buried directly in the soil, since the heat resistance 
of the materials in which the ducts are commonly set 
is very close to that of most soils. (See Appendix B.) 

1. Assistant Professor of Mechanical Engineering, University 
of Idaho, Moscow, Idaho. 

Presented at the Pacific Coast Convention of the A. I. E. E., 


Spokane, Wash., Aug. 28-31, 1928. Complete copies upon 
request. 


and expensive. Advantage may be taken of the similarity between 
the flow of heat and the flow of electricity to set up and test the electri- 
cal equivalent of any duct system. In this way, the theoretical 
results can be checked readily with a minimum outlay of equipment. 

Results obtained by this method show the theoretical calculations 
to be accurate even for close spacing and also give a picture of 
the actual path of the heat from a group of several ducts. Thus, the 
heat resistance of a duct may be found quite accurately if the specific 
heat resistance of the soilis known. 


In the case of a duct whose length is great compared 
with its diameter, it is evident that the heat will flow 
out radially into the soil. However, since the surface 
of the ground is within a few feet on one side, and there 
is an infinite extent of earth on the other, the heat will 
not flow out uniformly in all radial directions. 

An idea of this heat distribution may be obtained by 
studying the heat flow from a duct surrounded by an 
infinite extent of soil in all radial directions. 

Consider an annular ring of soil of specific heat 
resistance S and thickness d p at a distance p from the 
center of the duct, of radius r. The heat resistance of 
this ring per unit length is given by, 


Sdp 
2 Dp 


dR= (1) 
Since the soil extends an infinite distance in all redial 
directions, the total heat resistance per unit length of 
duct is, 


(2) 


From this, it is evident that in the case of an actual 
duet, no heat will flow downward after the transient 
period is over, for to do so it would have to flow into an 
infinite extent of soil. 


GRAPHICAL METHOD OF CALCULATING HEAT 
RESISTANCE 


Knowing that all of the heat from a linear under- 
ground heat source flows to the surface of the earth, 
it is possible to solve for the heat resistance graphically. 
As shown by Fig. 1, the ground surface may be con- 
sidered as an equi-temperature surface. Other equi- 
temperature surfaces may then be drawn in arbitrarily. 

Lines of heat flow must cross these surfaces at right 
angles, for otherwise, heat would be flowing without an 
accompanying temperature drop. If the rectangles 
between equi-temperature surfaces and lines of flow are 
squares, (m = m in Fig. 1) and if the plot is for a unit 
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length of source, the resistance of each square is numeri- 
cally equal to the specific resistance of the soil. The 
resistance of each tube may be found from the number 
of squares in series, and the total resistance from the 
number of tubes in parallel. 

The beauty of this method is that it is independent of 
the cross-section of the source, as indicated in Fig. 1. 


Fig. l—GRAPHICAL METHOD or CALCULATING THE HEAT 
RESISTANCE FoR Any LINEAR UNDERGROUND HEAT SOURCE 


The chief difficulty is that it becomes increasingly 
tedious as the number of ducts is increased. 


THEORETICAL EQUATIONS FOR CYLINDRICAL SOURCES 


Theoretical expressions for the heat resistance of 
underground ducts may be derived as follows: 

The heat flow from a line source to the earth’s surface 
may be represented by the lower portion of Fig. 2 which 
is a line source from which the rate of heat flow is + Q, 
per unit length of source. If the earth’s surface is 
considered as a zero temperature plane, this same field 
‘of flow may be realized by replacing the ground surface 
by an image of the line source at an equal distance 
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above the surface. If the heat flow from the image is 
— Q and the system is placed in the soil, the plane pre- 
viously occupied by the surface of the ground will re- 
main a zero temperature surface, and the heat flow from 
the original line source to this surface will be the same 
as before (see Fig. 2). 

Making use of the principle of superposition, the 
temperature difference between any point and the zero 
temperature surface is that which the point would have 
due to the heat flow + Q leaving the line charge 
radially and undistorted, plus that due to the heat — Q 
flowing radially from the image. 

Consider the point A in Fig. 3. When only the line 
source with a flow per unit length of + Q is acting, 
the heat flows radially. The temperature drop across 
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an annular ring of thickness d p at a distance p from the 
source is, 


QS 
27 p 


dp 


The temperature difference between A and the zero 
temperature surface is, 


h 
QSdp QS h 
E. 27 p = Zr 8 dı (3) 


In a similar manner, the difference in temperature 
between A and the zero temperature surface due to the 
flow — Q from the image acting alone is, 

* —QS -QS oh 
J 2Tp 2m 95 d, 
Thus, the temperature difference for both acting sim- 
ultaneously is the sum of these two, or 


AT: = dp = (4) 


UE E 
Ha ead. et oa, 


ETE 
E 2T OB d, 


So far, only a line source has been considered, and the 


(5) 


dl 
Line Source 
Fic. 3 


actual ease is that of a cylindrical heat source. By 
neglecting distortion, the line source may be considered 
as being at the center of the duct, and the duct surface 
wil be approximately an equi-temperature surface. 
This assumption could be avoided by further refine- 
ment, but it was not found to be necessary. 

Upon this basis, the temperature of the duct surface 
above the temperature of the ground surface for a duct 
of radius r buried at a depth d becomes, 


QS 2d 
AT = "pe log. : (6) 
The resistance R per unit length of duct is, 
LAT S224 
= Q T 9 T Og. r ( ) 


In a similar manner, the heat resistance per unit 
length for any duct arrangement may be calculated. 
The temperature of any duct above that of the ground 
surface is the sum of the temperature differences due 
to the heat flow of each duct and image acting alone. 
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Appendix C gives the theoretical equations for three 
and six ducts. | 
Since in these theoretical equations all effects of 
distortion are neglected, it is the chief aim of this paper 
to investigate the accuracy of such equations. 
EXPERIMENTAL VERIFICATION OF THEORETICAL 
EQUATIONS BY ELECTRICAL ANALOGY 


The laws governing the flow of heat are the same as 
those governing the flow of electricity, and the only 
difference between the equations of the two is one of 
units. The equations or the flow of heat through the 
soil are exactly similar to the equations for the flow of 
d-c. electricity through a conducting solution. 

Advantage was taken of this fact to check experi- 
mentally the theoretical equations previously derived. 
To run a comprehensive set of tests on actual cable 
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Fic. 4—ELECTRICAL Test TANK 


installations would be a slow and expensive procedure, 
while the equivalent electrical circuits can be set up 
and tested very readily. 

The heat system is represented in the following 
manner. A unit length of the duct and its surrounding 
soil may be replaced by a rectangular wooden box 
containing ordinary tap water. (See Fig. 4.) Since 
the heat all flows to the surface of the earth, the ground 
surface may be replaced by a copper plate along one 
vertical side of the box, the remainder of the box being 
waxed to insure its insulating qualities. 

A length of duct is represented by copper tubing set 
vertically in the water. 'The temperature difference 
between the cable and the earth's surface may be 
replaced by a d-c. voltage between the copper plate and 
the copper tubing, and the flow of electricity replaces 
the heat flow. 

If the electrical system is constructed with the ratio 
of depth of electrode from the plate to radius of electrode 
which corresponds to the ratio of depth of duct to radius 
of duct, an electrode in one foot depth of water in the 
tank will completely represent a one-foot length of 
duct. If, then, a d-c. voltage is applied and the current 
measured, the electrical resistance of the system may be 
calculated. 

By measuring the specific electrical resistance of the 


HEAT FLOW FROM UNDERGROUND ELECTRIC POWER CABLES 


819 


water in ohms per ft. cube, and dividing this into the 
resistance per unit depth of water, the electrical resis- 
tance coefficient (R/S), (ratio of resistance per unit 
length to specific resistance), may be found. 

Now, since the flow of heat through the soil is 
governed by the same laws that govern the flow of 
electricity through the solution, and since the units of 
R/S are independent of system considered, the R/S 
for the heat system is exactly the same as the R/S for 
the equivalent electrical system. In this way it is 
possible to obtain an experimental check on the theo- 
retical equations previously derived. 

In running these tests it was necessary to take certain 
precautions to insure accurate results. In the first 
place, in order that the flow of electricity through the 
water would correspond to the flow of heat through the 
soil, it was necessary to limit the current density to 
such values that there would be no disturbing convec- 
tion in the water due to heating and violent gassing 
at the electrodes. This limit was readily found by 
observation. 

In the second place, it was necessary to devise some 
means of eliminating the error due to surface voltage 
drop between the electrodes and the water. This 
film resistance varies rapidly with changes in current 
density, gassing, and the condition of the surface of the 
electrode. 

It was decided to measure voltage between the plate 
and a point 1/10 of an inch in a radial direction from the 
surface of the electrode under consideration, and com- 
pensate for this by considering the radius of the elec- 
trode to be 1/10 inch greater. Thus, all readings were 
independent of the surface voltage drop which varied 
from 2 to 10 volts depending on conditions. In this 
manner, an electrode 5/10 of aninchin diameter became 
7/10 of an inch in diameter in the results. 

The voltage was measured at 1/10 in. radially from 
the electrode by using a fine copper wire which pro- 
truded a short distance out of a small glass tube. The 
end of the tube was surrounded by a ring of 1/10 in. 
radius. Thus, when the ring on the rod was held in 
contact with the electrode surface, the copper wire 
voltmeter terminal was exactly 1/10 in. from the sur- 
face of the electrode. The fact that the voltmeter elec- 
trode projected only a short distance out of the glass 
tube made it possible to read the voltage at any depth 
in the water. In this way it was found that the flow 
was uniform at all depths for a given point. 

Further investigation showed that the voltage read- 
ings given by a high-resistance voltmeter checked within 
one per cent of the readings given by a potentiometer, 
thus making it possible to speed up the work by using a 
high-resistance, direct-reading voltmeter instead of a 
potentiometer. A low-resistance voltmeter could not 
be used because the current drawn by it would be great 
enough to cause the exploring electrode to act as an 
auxiliary current electrode, thus distorting the flow. 

As a final precaution, any electrical potential due to 
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battery action was eliminated by having no metal in 
the water except high grade copper. Any possibility 
of ground current through the box and floor was 
eliminated by using a generator and lines which were 
carefully insulated from the ground. 

All specific electrical resistance measurements were 
made by means of a carefully calibrated bridge type 
Leeds-Northrop cell. Determinations were made at 
the beginning and end of each test, and at the temper- 
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Fic. 5—REsisTANCE COEFFICIENT (R/S) FOR A SINGLE DUCT AND 
FOR THREE Ducts, SPACED VERTICALLY A8 SHOWN FOR l/r = 4 


Theoretical curves and experimental points shown 


ature corresponding to the temperatureof the water dur- 
ing the test. 

The electrical equivalent of one, three, and six ducts 
was set up and tested, and the values of a resistance 
coefficient R/S were found for various values of d/r. 


Those experimental points are shown plotted in 


Fic. 6—REeEsIsTANCE COEFFICIENT (R/S) FoR Six CABLES 


SPACED HORIZONTALLY IN Two Rows 
Theoretical curves and experimental points shown for l/r = 4 


Fig. 5 and Fig. 6, together with the theoretical curves 
for the same conditions as derived in Appendix C. 
The experimental data are given in Appendix D. 

As shown by the curves, the theoretical equations 
and experimental points check quite satisfactorily, 
showing that the distortion caused by close spacing 
of the electrodes does not cause appreciable error in the 
theoretical equations. 
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CONCLUSIONS 


On the basis of the foregoing results, it does not seem 
unreasonable to state that the heat resistance of any 
one of a number of ducts may be calculated theoretically 
with confidence As stated earlier in the paper, the 
error involved in assuming that the ducts are buried 
directly in the soil is small and on the safe side, because 
the heat resistance of the concrete in which the ducts 
are set is less than that of most soils. 

The fact that the cables lie in contact with the bottom 
of the ducts may cause the temperature of the bottoms 
of the ducts to be higher than that of the tops, and thus 
Violate the assumption that the ducts are equi-tempera- 
ture cylinders. It is difficult to believe, however, that 
this could cause serious distortion. 

Throughout the discussion it has been assumed that 
the ground surface 1s an equitemperature plane. This 


is not strictly true, since it will be at a higher tempera- 
ture directly over the duct than it is farther away. 
This effect is quite small except when the ducts are 
extremely close to the surface. 

The expression for temperature of any duct of a group 
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Equivoltage surfaces—full lines 

Lines of flow— dotted lines 
having different values of heat flow may be found by 
using a system of images in a manner exactly analogous 
to that used when the ducts dissipate the same amount 
of heat. However, the temperature of any one duct 
can be found only by knowing the heat flow from each 
duct, and the solution will be more involved. - 

Sufficient d&ta exist to determine the specific heat 
resistance of most soils encountered so that it seems en- 
tirely justifiable to calculate the heat resistance for the 
ordinary arrangements of underground power cables by 
the theoretical method. 
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Variable Speed Spinning of Cotton Yarn 


BY E. A. UNTERSEE! 


Synopsis.— Variable speed drive for ring spinning frames, used in 
making yarns, has many advantages provided the driving mechanism 
has certain suitable characteristics. In this paper, the conditions 


HE many advantages of varying the speed of the 
ring frames used in spinning yarns are well known 
to those who make these yarns. The problem 

in this connection has been to provide a driving mecha- 
nism which would allow the desired speed variation. 
In the past, various mechanical devices have been 
developed for this purpose, but all of these have proved 
unsatisfactory. The variable-speed electric motor is 
the only source of power which has been found to meet 
the required conditions, and in this case, also, consider- 
able experience and development has been necessary 
before a motor with the proper characteristics was 
produced. This is the a-c. three-phase brush-shifting 
variable-speed motor having a shunt-motor char- 
acteristic. 

Other types of motors were tried including (1) the 
wound-rotor induction motor with secondary-resistance 
control, (2) the d-c. adjustable-speed motor, (3) the 
multi-speed induction motor, and (4) the a-c. single- 
phase or three-phase, series, brush-shifting, variable 
speed motor. None of these adequately met all the 
requirements, both electrical and mechanical. 

It would be well to examine the mechanical and elec- 
trical features of such a motor. The important me- 
chanical features which such a motor for spinning 
yarn at variable speed should possess are enumerated 
as follows: 1. Enclosed construction; 2. Positive 
ventilation; 3. Minimum size; 4. Simple speed con- 
trol mechanism; 5. Reversing mechanism; 6. Ac- 
cessibility to working parts of motor. 

In electrical performance the motor should have: 
1. Good load speed characteristics. 2. Broad speed 
range. 3. Low temperature rise. 4. Good starting 
torque under all speed conditions. 5. High power 
factor and efficiency over entire speed range. 

For the protection of the motor and operator, it is 
desirable to have an enclosed motor. While total 
enclosure is needed, even the temperature of the spin- 
ning room being a very important matter, space is also 
an important consideration, so that in order to avoid 
. increasing its size unduly, the motor is best made en- 
closed but equipped to admit a supply of cool air and 
expel the heated air. The influence of heat and 
humidity upon the spinning process are known to be 
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which must be met are outlined, and it is shown that the most satis- 
factory method of drive 1s by means of the a-c., three-phase, shunt- 
characteristic, brush-shifting variable-speed motor. 


material, so that in certain cases the disposition of the 
heat resulting from the losses of the motor is of 
importance. 

It may be desirable to expel the heated air outside 
of the spinning room and, on the other hand, in some 
cases it is thought to be of use in maintaining suitable 
room temperature in winter. To meet these different 
conditions, the motor should be enclosed and ventilated 
by means of built-in fans designed so that air can be 
taken in directly from the room (through screens) 
or through a duct from the outside; and that the 
heated air can be discharged either into the room, if 
beneficial, or into a duct to convey it away, if harmful. 
The cooling should be such that excessive radiation from 
external parts will not take place. 

In order to obtain a minimum length of motor, ball- 
bearing construction is advisable. Direct connection 
to the cylinder of the spinning frame is a simple and 
satisfactory method of drive, but to have a flexible 
motor applicable to frames of various speeds and to 
either one cylinder or two cylinder frames driven by 
two motors and with cylinders too close together to 
allow of alining two direct-connected motors, the 
motor design should be such as to permit chain or gear 
drive as well as direct drive. - 

The speed control means should be such that the 
operator may disengage and reengage the automatic 
speed controller for a shut down and restart smoothly 
and easily. 

The control device must be small and must be easily 
accessible and simple to adjust. 


It is also desirable to have a motor whose direction 
of rotation can be easily reversed as it is frequently 
necessary to spin yarns of reverse twist. 


The design of the motor must be such that any 
brushes, commutators, collectors, etc., which are 
to be used are easily accessible for inspection and 
maintenance. 


Load speed characteristies of the motor are of very 
great importance. To obtain the maximum advantage 
of varying-speed spinning it is necessary to be able to 
repeat the cycle of speed variations against the position 
of the yarn or the bobbin as many times as is required 
and within rather small variations. It is also necessary 
to establish definitely whatever speed cycle of variations 
of speed is found best suited for the spinning in question. 


The load of a spinning frame being in considerable 
part friction, varies considerably due to alinement of 
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the frame, lubrication of spindles and other parts, and 
cleanliness, as well as tension on spindle bands or tapes. 
Further, the frame drives harder after a shut-down than 
when warmed up. There is a period of hard running 
when starting up each morning and after each noonday 
shut-down and a more severe period of hard running 
on Monday morning starts. "These running conditions 
are intensified more in the winter than in summer 
months. 

For these reasons a motor like the shunt brush- 
shifting whose speed is not seriously altered by moderate 
changes in load, is greatly to be desired. 

From the above conditions it is apparent that any 
variation in speed which would of course be out of 
control, would introduce undesirable variations. Simi- 
larly, a variation in speed, due to heating up of themotor 
itself due to its periodic character could, to some extent, 
be controlled by periodic manipulation of the supply 
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voltage, would still introduce complications which are 
objectionable. 

When a frame is cold or stiff, it may require consider- 
ably more than normal running torque to break away, 
so that a liberal starting torque is very desirable in a 
motor. On the other hand, should there be a little 
slack in the yarn between the front rolls and the bobbin, 
with too abrupt a start, the ends of yarn will be broken. 
It is therefore of advantage and desirable to be able to 
vary the starting torque at the will of the operator to 
overcome the possibilities of end breakage. 

The development of the a-c. three-phase brush- 
shifting shunt-characteristic motor in recent years has 
met with so much success in other lines of manufacture 
where it is necessary to maintain accurate speed regula- 
tion that it could not be overlooked for the spinning 
field. Experiments have been intensively carried on 
for the past four or five years with this type of variable- 
speed motor and results show that it meets the most 
exacting requirements in maintaining speed regulation 
which will allow constant tension on the yarn during 
the entire spinning process. 
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A short description of this type of motor, its operation 
and characteristics, is as follows: 

This motor may be compared with the wound rotor 
induction motor having its primary winding in the 
rotor and its secondary on the stator. In addition, 
this machine has an adjusting winding in the rotor 
similar to a d-c. armature winding which is connected to 
a commutator. The motor is provided with two brush 
holder yokes arranged to shift in opposite directions. 

One end of each phase of the stator (secondary) 
winding is connected to brushes on one brush yoke, 
and the opposite ends are connected to brushes on the 
other yoke. When the brushes, to which each end of a 
secondary phase is connected, are on the same commu- 
tator segment, the adjusting winding is idle, the secon- 
dary winding is short-circuited, and the motor runs as 
an induction motor with speed corresponding to the 
number of poles and frequency of supply. As the 
brushes are moved apart, a section of the adjusting 
winding is included in series with the secondary winding, 
causing the secondary winding to generate a voltage 
to balance the voltage impressed upon it by the ad- 
justing winding, thereby causing the motor to change 
its speed. 

With the brushes in low-speed position the motor 
gives from 140 to 250 per cent of normal torque at 
starting, with 125 to 175 per cent of full-speed current. 
The maximum torque at low speeds is from 140 to 250 
per cent of normal torque and increases for the high- 
speed position to from 200 to 400 per cent normal 
torque. 

The efficiency remains nearly constant over the 
greater part of the speed range, but drops some at the 
lower speeds. The average efficiency is high as com- 
pared with that of the wound rotor induction motor 
with secondary resistance or when compared with 
direct current motors with necessary alternating current 
direct current conversion apparatus. 

The power factor is very high when the motor is 
running at high speeds. At synchronous speed, the 
power factor is similar to that of an induction motor of 
similar rating. 

The decrease in speed from no-load to full load, at 
high speeds, is between 5 and 10 per cent, and at low 
speeds, slightly more according to the motor rating. 

It may be operated in either direction of rotation by 
interchanging two of the line leads, as on an induction 
motor, and setting the brush rigging for the desired 
rotation. 

Results of actual test made with this type of motor 
show between 10 per cent and 12 per cent greater pro- 
duction and better than 50 per cent less breakage of 
ends during the spinning process than are obtained with 
constant-speed drive. 

Each number of yarn and quality of roving is subject 
to a definite speed curve which will permit maximum 
production and minimum breakage during the process. 

It might also be stated here that the advantages of 


Nov. 1928 


variable speed for ring sprinning are not limited to 
cotton yarns but are quite as pronounced for worsted, 
wool and silk spinning. 

Summing up the entire situation it may be said that 
when the proper speed curve has been obtained for any 
given yarn the resultant advantages from the use of 
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such a variable-speed motor will be: 1. Maximum 
production of yarn; 2. Better quality yarn; 3. More 
uniformly wound bobbins; 4. Increased yardage; 
5. Minimum breakage of ends; 6. More of the opera- 
tor’s time available for cleaning machine and other 
duties. 


Abridgment of 


The Gould Street Generating Station of the 


Consolidated Gas, Electric Light and Power Company 
BY A. S. LOIZEAUX: 


Associate, A. I. E. E. 


Synopsis.—The paper is descriptive of the Gould St. Plant. 
Pulverized coal is prepared in a separate building. Only one boiler 
i& provided per turbine, each boiler delivering a maximum of 
520,000 lb. of steam per hour. Automatic control is provided 
for the electric drive of boiler auxiliaries, electric auxiliaries being 
used throughout the plant; a 250-volt exciter and 460-volt house 


T new Gould Street Plant which began operation 
in January, 1927, is located in the City of Balti- 

more on the Patapsco River, an arm of the Chesa- 
peake Bay. This water front site was formerly the 
power plant location of the Baltimore Electric Company 
which had been purchased by the Consolidated Com- 
pany in 1908, and has not been in operation since 1918. 
The comparison between the old plant and the new 
illustrates the great advance in the art of electric power 
generation during a period of 20 years, the new units 
having twelve times the capacity of the old, with a 
coal rate of the new plant less than one-half that of the 
old plant. 


From the standpoint of nearness to important load 
centers the site is highly desirable so that the energy 
is distributed by underground cable at 13,200 volts 
without transformation. The plot measures 405 ft. 
by 635 ft. and is of sufficient size to supply load growth 
for perhaps 10 years, when the progress of the art of 
power generation will probably make it desirable to 
begin anew in another location with higher pressures, 
higher temperatures, and, perhaps, a materially dif- 
ferent heat cycle. 


SOURCES OF POWER IN BALTIMORE 


The accompanying map, Fig. 1, shows the territory 
served by the Baltimore plants and indicates the city 
limits and the location of the Westport and Gould St. 
plants; also the former railways plant at Pratt St. 

The Westport plant began operation in 1905 and 

1. Electrical Engineer, Consolidated Gas, Electric Light & 
Power Co., Baltimore, Md. 

Presented at the Regional Meeting of the A. I. E. E., District 
No. 2, Baltimore, Md., April 17-19, 1928. Complete copies upon 
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turbine are on main generator shaft. Switch house is of 1solated 
phase construction with vertical operation of switches. Actual costs 
are given for the first unit, with estimated costs for completed plant, 
resulting in costs for the completed plant of $88 per kw. for normal 


output and $80 per kw. for mazimum output. 
s * 


provided for growth of load through 1926, a period of 
21 years. Westport has a 25-cycle capacity of 125,000 
kw. and 60-cycle capacity of 40,000 kw. 

The Pratt St. plant was formerly a railway generating 
station but now contains only one standby unit of 
20,000-kw. capacity. 


HYDRO ENERGY 
A considerable part of the electric energy used in 


1—TerrRITORY SERVED BY THE CONSOLIDATED Gas, 
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Baltimore comes from the Holtwood plant of the Penn- 
sylvania Water and Power Co. The Holtwood plant 
is located on the Susquehanna River at Holtwood, 
Pennsylvania and consists of a hydroelectric plant with 
87,000 kw. in 25-cycle capacity and 24,000 kw. in 60- 
cycle capacity. There is also a steam station at Holt- 
wood of 25,000-kw., 60-cycle capacity. The trans- 
mission lines from Holtwood to Baltimore are 25-cycle, 
66,000-volt; 40 mi. long. 


824 


GOULD STREET GENERATING CAPACITY 


Gould St. has one 36,000-kw. unit operating and a 
second duplicate unit which will begin operation in 
April, 1928. The plant is designed for four 36,000-kw. 
units, a total of 144,000 kw. at 60 cycles. 


ARRANGEMENT OF PLANT 


The general view in Fig. 2 shows the arrangement 
of the plant, the power house being built on the water’s 


2—AERIAL VIEW OF GENERATING STATION 


edge. The coal unloading tower is placed about the 
center of the bulkhead line. Coal is transported by 
belts to the pulverizing plant. The buildings of the 
former generating plant were used, the old boiler 
house being transformed into a pulverizing plant and 
the old turbine room into a service building and machine 
shop. The switch house is a new building on the north 
end of the property toward the city, the power station 
and switch house being connected by underground 
concrete tunnels. 


CROSS-SECTION OF POWER HOUSE 


Fig. 6 is a cross-section of the power house, showing a 
rather compact arrangement of equipment, yet pro- 
viding ample space for operation. Abundant natural 
light and ventilation is provided for both turbine room 
and boiler room. A pipe gallery provides for longitu- 
dinal runs of pipes. The electrical gallery is open to the 
turbine room and on the same level as the turbine floor 
giving easy access to electrical operation. 


COAL FEEDERS 


The coal is fed by four quadruplex screw feeders per 
boiler to sixteen Lopulco type burners through 6-in. 
pipes crisscrossed to prevent stratification in the furnace 
in the event of outage of one or more feeder groups. 


FURNACE 


Three sides of the furnace are water-cooled by fin- 
tube surface backed by special tile, rock wool insulation 
and steel casing. The front wall is of firebrick, cooled 
by the preheated secondary air, admitted to the furnace 
through ports at 16 levels in this wall. A water 
screen interconnected with the rear wall circulating 
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system protects the inclined floor of the furnace which 
forms the ash hopper. 


AIR SUPPLY AND GAS REMOVAL 


Primary air, used to convey powdered fuel from the 
screw feeders to the burners, is a mixture of preheated 
air tapped from the secondary duct and tempered with 
room air. Primary air is supplied by two fans per 
boiler, connected on the discharge by an air bus, which 
makes any fan available for either boiler. Two forced 
draft fans per boiler furnish the secondary air taken 
from the room and discharged into a plenum chamber 
directly ahead of a C-type plate preheater mounted 
above the gas outlet of the boiler. 

Tertiary air is taken from the secondary air duct for 
admission around the burners. 

The gases leaving the preheater are removed by two 
induced draft fans and discharged into an eleven-ft. 
diameter self-supporting unlined steel stack, one per 
boiler, extending 213 ft. above the burner arch. 


BOILER 


The use of one boiler for a 36,000-kw. turbine with 
only one additional boiler as a spare unit marks an 
advance in plant design. Each steam generating unit 
has a maximum output of 520,000 lb. per hour at 
450-lb. drum pressure and 725 deg. fahr. superheater 
outlet temperature, which is sufficient for about 46,000 
kw. turbine capacity. Reserve capacity gained by 
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increased size of boiler auxiliaries even at some sacrifice 
in normal operating economy, was found to be more 
economical than the addition of spare boiler units. 
Four turbines will ultimately be supplied by five 
boilers. Fig. 7 is a section of boiler and furnace. 
Several features in the design of the boiler, a conven- 
tional B & W cross-drum steel encased type, were 
unique. It was the first boiler at 450 lb. pressure to 
have 4-in. tubes. A considerable increase in heating 
surface was gained at small expense by extension of 
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tube length from 22 ft. to 24 ft. Modifications in the 
manufacturer’s previous design allowed an advance 
from 385 lb. to 450 lb. operating pressure. The 
drum diameter, 60-in., was the largest attempted 
for that pressure at that time, and the length of 34 ft. 
was the greatest that the manufacturer could furnish 
without a girth seam. Two steam outlets were insisted 
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upon. General Electric steam flow meters, modified for 
use as water level indicators and recorders, are installed 
at the operating floor level. 


TURBO-GENERATOR 
Fig. 8 gives a view of No. 1 unit in the foreground, and 
unit No. 2, under construction, in the background. 
The alternator is a 43,750-kv-a., 80 per cent power 
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factor, 1876-rev. per min., 13,200-volt, three-phase, 
62Y$-cycle machine, which is designed to operate later 
at 60 cycles. In addition to the main generator there 
is a shunt-wound shaft exciter rated at 250 kw., 250 
volts d-c. overhung on the main shaft and beyond this 
and connected by means of a Fast flexible coupling is 
an auxiliary generator having a capacity of 1500 kv-a. 
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6—Cross-SECTION or TURBINE ROOM AND BoiLER HOUSE 


at 80 per cent power factor and 460 volts, three-phase, 
6214 cycles. The over-all length of the turbo-generator 
unit is 69 ft. 

The turbine is a 13-stage Rateau impulse machine of 
36,000-kw. capacity and drives the main generator 
through a Fast flexible coupling. It is a modified form 
of a turbine of lower normal rating of the non-bleeding 
type. The initial stages, however, have been opened 
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up to pass the additional steam used in bleeding. 
Steam is supplied at a normal pressure of 390 lb., anda 
total temperature of 700 deg. fahr. Steam is bled at 
the 3d, 5th, 8th, and 10th stages at full-load pressures 
of 193, 99, 30, and 9 lb. absolute, respectively. The 
turbine is designed for highest efficiency at 25,000 kw. 


Fia. 


7—Cross-SECTION or BOILER AND FURNACE 


load, and when bleeding steam at four points, the unit 
can produce a net station send-out of 36,000 kw., which 
is the company rating of the machine. A considerably 
larger output can be produced by bleeding at the two 
lower points only. 


CONDENSER 


A 30,000-sq. ft. two-pass condenser is bolted directly 
to the bottom of the turbine exhaust casing, and is 
supported partly by the casing and partly by springs 
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on structural piers on the basement floor. The circulat- 
ing water passages are so arranged that the cooler water 
leaving the air devaporizing and cooling section is 
returned in the second pass in the annular ring of tubes 
around the outside of the top section with which the 


Fic. 8—View or TurRBINE Room sHOWING No. 1 AND No. 2 


UNITS 


exhaust steam first comes in contact. The shell is 
eccentric with the tube sheet, providing a steam belt 
which, on one side, extends to the hot well, preventing 
excessive condensate depression. 

The tubes are rolled into both tube sheets, a new 
feature of design that is discussed in other papers. 


Fic. 9—BLEEDER HEATER or Hain-PrN Loop CONSTRUCTION 


BLEEDER HEATERS 


The 3d-, 5th-, and 10th stage bleeder heaters, the 
evaporator condenser, and the after condenser, are of the 
vertical, closed type with four passes each. The con- 
struction of these heaters is shown in Fig. 9. "The 
tube surface is made up of ?í-in. outside diameter. 
No. 14-gage Admiralty tubing, which is bent into hair- 
pin loops with both ends rolled into a single-tube sheet. 
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The shells are of steel with hammer welded joints. 
Water boxes on the high-pressure heaters for the first 
unit are of cast steel, but on the second unit will be of 
rolled plate. Steam is introduced in each case below 
the tubes and the baffles are arranged so that a vapor 
cooling chamber is provided to which the air vent 
connection is made at the side of the shell. 


The 8th-stage heater is of direct-contact deaerating 
type in which part .f the bled steam is used in a section 
into which the condensate is sprayed through jets and 
part is used in another section similar to the open type 
feed heater in which trays are located and from which 
the air is removed. The pressure in the heater varies 
as the bled steam pressure varies. This heater is in the 
boiler house at an elevation of 80 ft. above the boiler 
feed pumps, which take their water from it. With a 
shell capacity of 6400 gal. it serves as a closed surge 
tank. The only condensate in the cycle which comes 
in contact with air is the condensed drip in the after 
condenser, which passes through the deaerating heater 
on its way back to the boiler. 


INVESTMENT COSTS PER KW. CAPACITY 


' Throughout the design of the Gould St. Plant the 
object was to secure maximum reliability with minimum 
total costs per kw-hr. By total costs is meant not 
only operating labor and superintendence, maintenance, 
and fuel cost, but fixed charges on the investment. 
This criterion was used in the choice of apparatus, 
the eost of the apparatus being weighed against its 
ability to reduce production costs. 

We give below a table of the actual cost of the first 
unit, and the estimated costs of three additional units; 
the estimated cost of the completed plant of 144,000 
kw. being $88.26 per kw. 


One unit Two units Three units Four unite 
(Actual) (Est.) (Est.) (Est.) 
1. Investment cost 
as per Report of 
June 20, 1927.. $4,681,821 $7,396,224 $10,090,322 $12,709,909 
2. Capacity—kw... 36,000 72,000 108,000 144,000 
3. Cost per kw..... $130.05 $102.73 $93.43 $88.26 


The wide spread between the cost per kw. of the first 
unit and the cost per kw. of the completed plant is due 
to the many items included under the first unit, which 
are designed for the completed plant, such as, land, 
relieving platform for coal storage, coal handling, 
preparation plant, etc. 


The capacities given in the above table are the net 
send-out capacity with four-stage bleeding. 

Under two-stage bleeding conditions capacity is 
increased considerably and a net send-out capacity of 
40,000 kw. is readily obtained and will be obtained in 
the event of need, for peak load conditions. Figuring 
this higher capacity the investment costs become as 

ollows: 
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One unit 
(Actual) 


Two units Three units Four units 
(Est.) (Est.) (Est.) 
1. Investment cost 
as per report of 


June 20, 1927.. $1,681,821 $7,396,224 $10,090,322 $12,709,909 
2. Oapacity—kw... 40,000 80,000 120,000 160,000 
3. Oost perkw..... $117.05 $92.45 $84.08 $79.44 


The investment figures given include all expenses of 
every nature in connection with this plant, covering 
such items as preliminary engineering, old buildings 
used, interest during construction and during tuning 
up period, also a portion of the floating equipment of 
the company properly allocated to serve this plant. 


HIGH-VOLTAGE RESEARCH IN INDIA 


Considerable activity in high-voltage research has 
been shown recently in India, and some of the interest- 
ing results obtained have come to the attention of the 
Institute. 

The report of some recent experimental work de- 
scribes a study of a-c. corona by G. Yoganandam and 
S. K. Gopinath of the Indian Institute of Science, 
Bangalore, India. The wave forms of the corona cur- 
rent from a wire in a cylinder and from a wire in front 
of a plane were obtained with an ordinary oscillograph, 
the currents being amplified for this purpose by means 
of a special vacuum-tube circuit. The waves secured 
were analyzed and show a considerable number of har- 
monics. The corona wave forms were, however, much 
smoother than those obtained by Bennett.! Assuming 
both halves of the current wave to be alike, an equation 
for space charge current was derived, separate from 
that of the capacity current. 

A set-up similar to that used by other investigators 
in this country,?* in which the charge from a wire to a 
ground mesh is pulled through the latter by means of a 
polarized plate, with a galvanometer in the circuit of 
the plate indicating the flow of charge drawn in, was 
also employed. In this way, they were able to study 
approximately the amount of charge reaching ground 
and also the rectifying effect present. The results here, 
for the most part, checked the previous work of others,! 4 
but, in addition, showed an interesting frequency effect 
to be present. The critical corona voltages for positive 
and negative corona were found to be slightly lower 
for 25 cycles than for 60 cycles. The space charge 
reaching the ground plane was also higher for 25 cycles 
than for 60 cycles. mM 

In addition to the above, the Indian research workers 
have carried out considerable work in insulator-string 
testing and the measurement of the voltage distributions 
over them. Several interesting methods were used in 
this, and have been described in articles by G. Yoganan- 
dam and R. K. Sen (Journal Indian Inst. of Science 
1927, Bangalore, India V. 10B, Part II, pp. 21-33 and 
Part IV, pp. 43-49). 

]. E. Bennett, Trans. A. I. E. E., 1913. 


2. C. H. Willis, Trans. A. I. E. E., 1927. 
3. Carroll and Lusignan, Trans. A. I. E. E., 1928. 


Lichtenberg Figures 


BY C. EDWARD MAGNUSSON! 


Fellow, A. I. E. E. 


N 1771, one hundred and fifty-one years ago, Dr. 
George Christoph Lichtenberg, Professor of Physics 
in the University of Góttingen, observed that under 

certain conditions an electrie discharge produced 
curious and strangely beautiful figures. Lichtenberg’s 
apparatus and circuit arrangement were very simple 
and can readily be reproduced. Place a pane of glass 
on a metal plate connected through a spark-gap to 
the outside coating of a Leyden jar. Connect the 
tinfoil on the inside of the jar to a metallic electrode, 
touching the upper surface of the glass plate. When 
the Leyden jar is discharged, figures are produced on 
the glass surface around the point of contact of the 
electrode. "These figures may be made visible by sifting 
some light powder, (such as lycopodium), over the 
glass surface. By using flower of sulphur and finely 
powdered red lead, or other colored powders, the dif- 
ferent shapes of the negative and positive figures may be 
shown in an impressive manner. With the discovery 
of photography almost a century after Lichtenberg's 
day, a much more convenient method was obtained 
for visualizing the phenomena. In 1888, J. Brown and 
E. T. Trouvelet found that figures similar to those 
obtained by Lichtenberg could be obtained photo- 
graphically by replacing the glass or rubber plate with 
a photographie plate; the emulsion side being placed 
in contact with the electrode. On developing the ex- 
posed plate, very beautiful figures were obtained. As 
the photographie plate makes a permanent record 
greatly superior to the dust figures, the latter are 
seldom used, and the photographie records are generally 
referred to as Lichtenberg Figures although photographic 
Lichtenberg figures would be more specific. (To givea 
general view of the phenomena discussed, a number of 
typical positive and negative Lichtenberg figures for 
various forms of impressed electric surges or impulses were 
shown on the screen. The true Lichtenberg figures 
were differentiated from figures produced by brush 
discharges and glide sparks.) 

Although Lichtenberg figures have long been recog- 
nized as of scientific interest and are frequently used 
in lecture room demonstrations, until recently, no 
practical applieation.had been found. It was not until 
1924, when J. F. Peters of the Westinghouse Electric 
& Mfg. Company published the results of his work on 
the development of the klydonograph that the impor- 
tance of Lichtenberg's discovery was appreciated by 
engineers. This instrument, by means of Lichtenberg 
figures, records voltage impulses, whether of extremely 
short, or of longer duration, thus producing permanent 

1. Dean, College of Engineering, Univ. of Washington. 

Lecture delivercd at the Pacific Coast Convention of the A. I. E. E., 
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graphic records that give information as to polarity, 
magnitude, wave-front, etc., of electric surges and im- 
pulses in electric circuits. The surge voltage recorder, 
developed by the General Electric Company is a 
modified form of the klydonograph which gives simul- 
taneous records of both the positive and negative 
Lichtenberg figures. (Circuit diagrams of klydono- 
graph and surge voltage recorder were shown on the 
screen.) 

It should be noted that the interpretation of Lich- 
tenberg figures as obtained by klydonographs and 
surge voltage recorders is largely dependent on an 
accessory instrument, the cathode ray oscillograph, 
recently developed by Professor Dufour. (The speaker 
digressed to give a brief outline of the Dufour type of 
cathode ray oscillograph and stressed its importance in 
analysing Lichtenberg figures and in the direct study of 
lightning phenomena and other electric surges and high- 
speed impulses.) 

Extended investigations have been made in past 
years on Lichtenberg figures by a number of distin- 
guished physicists, notably Toepler, Pedersen, Przibram 
Oshida and others and many facts and relations of the 
physical factor involved have been established and 
recorded in scientific journals. After the invention of 
the klydonograph by Peters, many important advances 
both as to the nature of the figures and their application 
to the study of electric surges and impulses have been 
made by American engineers notably MceEachron, 
Wade, Lee, Foust, Cox, Legg, and their associates. 
The more important known relations may be noted, 
as follows: 


a. The positive and negative figures differ in shape 
and appearance for the same voltage impulse. 

b. The size of the positive figure is larger than the 
negative figure for the same impressed voltage. 

c. The radius of the figure is a linear function of the 
voltage. The size of the figure depends to some extent 
on the thickness of the dielectric between the sensitized 
emulsion film and the metal plate so that instruments 
like klydonographs and surge-recorders, based on 
Lichtenberg figures, must be calibrated. In general, 
the relation of impressed voltage E in kilovolts and the 
radius R of the figure in centimeters (radial distance 
from metal pole to cireumference of figure) is expressed 
by equations (1) and (2). 


E = 11.5 R (approximately) for negative figures (1) 


(2) 
d. The steepness of the wave-front affects the shape 
and appearance of the positive figure. 
e. The form of the figure indicates whether the 
impulse was unidirectional or oscillatory. 


E = 5.9 R (approximately) for positive figures 
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f. The speed of formation of the positive figure is 
in the order of 10? em. per sec. | 

g. A practical application was made by Pedersen 
(1919) in devising an ingenious circuit arrangement 
whereby Lichtenberg figures may be used as a means for 
measuring short intervals of time—in the order of 10-7 
second. This method has been used for determining 
the time lag of spark-gaps. 

h. The application of Lichtenberg figures for pro- 
ducing permanent records of electric surges and im- 
pulses by the invention and development of the klydo- 
nograph, surge voltage recorder, etc. 

Many other relations have been studied, such as the 
effects produced by the shape of the electrode, varia- 
tions in air pressure, moisture in the air, the probable 
flow of electrons and ions, material and thickness of 
the dielectrie, material and shape of spark-gap, etc., 
but comparatively little work of a conclusive nature 
has been done to determine the physical mechanism 
existing between the electric impulse in the circuit and 
the figure formed on the photographic plate. 

During the past two years, work toward solution 
for the problems stated below has been in progress 
and this lecture will, in the main, deal with the results 
already gained, as well as the experiments in progress 
at the University of Washington: 


a. Are Lichtenberg figures formed by the motion of 
electrons, by positive and negative ions, or by other 
means? 

b. Isthe action on the photographic plate produced 
directly by the same mechanism that causes the dust 
figure in Lichtenberg's original experiment or is the 
photographic action caused by light, an additional 
link in the chain of events? It is evident that in Lich- 
tenberg's original experiments the light factor did not 
enter into the formation of the figure while the natural 
presumption is that in the formation of the record on 
the photographic plate, light will be the immediate 
cause. 

c. To what extent, if any, is the photographic record 
dependent upon the kind of sensitized plate used? 


d. What effect has the air pressure on the form and 
size of the negative as well as the positive figures? 


e. Isthe form of the figure dependent on the dura- 
tion and form of the electric impulse? 


Belt Generator. In planning this work, the first 
diffieulty that had to be overcome was to obtain a 
convenient and dependable but inexpensive source of 
high-voltage impulses having very steep wave-fronts. 
For this purpose, the "static" from a belt, driving a 
generator in the laboratory, proved satisfactory. For 
convenience a two-ply, leather belt,-10 in. by 26 ft., 
was arranged to run on idler pulleys (one metal and 
one paper) as a high-voltage belt generator. "This simple 
machine, at a belt speed of 4900 ft. per min., proved an 
excellent source of steep wave-front impulses (a fraction 
of a microsecond) up to 300,000 volts in magnitude. 
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All the Lichtenberg figures shown in this lecture were 
made from impulses produced by the belt generator. 


Photographic Plates. In order to secure the best 
records, it seemed advisable to look into the relative 
merits of the readily available types of photographie 
plates for making Lichtenberg figures. For this 
purpose, two surge recorders were placed in a divided 
cireuit of which the two branches were of equal length. 
By using plates of different makes in the two instru- 
ments, it was possible to determinethe merits of the plates 
by comparing the two figures produced simultaneously 
by the same electric impulse. The Eastman Speedway 
plate was used as a basis for comparing the intensity 
and quality of the figures found on the following types 
of photographic plates and films: 1. Eastman 40 plate; 
2. Eastman Orthochromatic plate; 3. Eastman Pan- 
chromatic plate; 4. Eastman Speedway plate; 5. East- 
man Universal plate; 6. Eastman Kodak film; 7. East- 
man Process film; 8. Hammer (extra fast) plate; 
9. Ilford Iso Zenith plate; 10. Lumiére Sigma plate. 


The clearest and best figures were obtained on the 
Lumiére Sigma plates with Speedway plates in second 
place. As a consequence of this test the Lumiére 
Sigma plates have been used in this work; with the 
exception that for a short period when the Sigma 
plates were not available the Eastman Speedway 
plates were used. (Slides showing simultaneous records 
of the several types of plates.) 


Electrons or Ions Forming Positive and Negative 
Figures. If it be assumed that an electric impulse or 
current consists of a directional flow of electrons, 
protons or ions carrying positive and negative charges, 
one or more of these groups must be present and form 
at least a link in the mechanism that produces Lichten- 
berg figures on the photographic plate. As the figures 
under discussion are formed without the presence of 
hydrogen, protons, as such, need not be considered. 


Since the mobility of the electron is very much 
greater than that of positively or negatively charged 
ions and the speed of formation of the figures is of the 
same order as the mobility of the electrons it seems 
highly probable that the first stage in the formation of 
both the positive and the negative figures is a sudden 
wave of electrons moving at great speed over the sur- 
face of the plate. The difference in shape and size of 
the positive as compared to the corresponding negative 
figure can be accounted for by assuming that the 
direction of flow of the electrons is in opposite directions 
with respect to the two electrodes. This can best be 
shown by referring to the circuit diagram in Fig. 2 
and to the corresponding negative and positive Lichten- 
berg figures in Figs. 3 and 4. 

The diagram in Fig. 2 shows two photographic 
plates, placed back to back, with a sheet of black paper 
(to prevent light from affecting more than one plate) 
and alcohol (to exclude the air) between them. The 
negative electrode rests on the emulsion surface of the 
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top plate while the emulsion side of the lower plate 
is in contact with the positive electrode. Let an electric 
impulse come from the negatively charged air of the 
belt generator as evidenced by a spark across the spark- 
gap. This means that a stream of electrons pass from 


Nega tive e'ectr-ode 
Sparx Gap 


Pholograshic Plate 
Emulsion side above 


Negative figure 
"electrons projected 
rom negative 


electrode 
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Photographic plate l boo figura 
Emulsion side below electrons “lon ryg 


Fic. 2—Cırcuir DiaGRaAM SHOWING Two PLATES IN SERIES 
FOR TAKING NEGATIVE AND PosITIVE FIGURES SIMULTANEOUSLY 
A8 SHOWN IN Figs. 3 AND 4 
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Fic. 3—NEGATIVE Figure. UPPER PLATE, WITH CIRCUIT 


AS IN Fic. 2 


the spark-gap to the negative electrode. With suf- 
ficiently high-voltage gradient these electrons are 
projected out from the negative electrode over the 
plate surface. By induction, a like number of positive 
charges will be held on the emulsion surface of the lower 
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plate by the electrons on the upper plate, thereby 
releasing a corresponding number of electrons on the 
under surface of the lower plate. These electrons, 
carrying negative charges, are attracted by the positive 
electrode, and if sufficient voltage gradient exists, they 
flow into it and pass to ground. 

It should be noted that in both cases, the direction 
of motion of the voltage gradient wave is from the 
electrode, radially outwards, that the electrons on the 


Fic. 4—Positrve Ficures. Lower PLATE, wits CincUIT 
as IN Fic. 2 


Fig. 5—ConicaL ELECTRODE, Point Contracr— 
PosrrivE Fiaurs 


upper plate—negative electrode—are projected out- 
wards away from the electrode, while simultaneously 
on the lower plate, the electrons are attracted by and 
move towards the positive electrode. : 

In Figs. 5 to 13 inclusive are shown positive and 
negative figures produced with point, circular, and ring 
electrode contacts on the photographie plates. An 
examination of these photographs will support the 
proposition that the process of formation for the 
negative figure is based upon projection of electrons 


Nov. 1928 MAGNUSSON: LICHTENBERG FIGURES 831 


away from the negative electrode, while for the positive electrode surface, there will not be uniforin emission at 
figure, it is based upon electrons flowing towards the all points on the circumference, but a number of 
positive electrode. Because of the irregularities of the starting points are formed from which streams of 


Fic. 9—CuiNDRICAL ELECTRODE, CiRCcULAR CoNTACT— 


NEGATIVE FIGURE 
Fic. 6—ConicaL ELECTRODE, PoiNT CoNTACT— 


NEGATIVE FIGURE 


Fic. 7—CYLINDRICAL ELECTRODE, CIRCULAR CONTACT— 


POSITIVE FIGURB Fig. 10—Tusuvar Evscrrope, Rina CoNTACT— 
PosrrivE FIGURE 


Fic. 8—CYLINDRICAL ELECTRODE, CiRCULAR CoNTACT— Fic. l11—ToBurLAR ErnEecrROpE, Ring CoNTACT— 
NEGATIVE FIGURE NEGATIVE FIGURE 
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mutually repelling units are projected. In Figs. 9 and 
11 the voltage was sufficient to project two groups of 
electrons along well defined grooves beyond the circum- 
ference of the normal figure. At the end of these 
grooves, the projected electrons spread out in a fan- 
like form caused by the mutual repulsion existing 


Fic. 12—ELEcTRObpE MakiNG Point CoNTACT INSIDE or RING 


IN CONTACT WITH PLATE—POSITIVE FIGURE 


between charges of the same sign. The formation of 
grooves or narrow paths offering less resistance to the 
flow of eléctrons is shown to good advantage in Figs. 12 
and 13 in which the electrode has a point contact with 
the plate inside of a metal ring resting on the plate 
but not metallically connected to the electrode. 
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Fic. 13— ELECTRODE MakING Point Contract INSIDE OF RING 


IN CONTACT WITH PLATE—NEGATIVE FIGURE 


Light as a Factor in Forming Lichtenberg Figures. 
It seems evident that in Lichtenberg's original experi- 
ments the light factor, even if present, had no direct 
bearing on the formation of the figures. A flicker of 
light appears around the electrodes when the. electric 
impulse producing Lichtenberg figures passes through 
the circuit. To determine whether or not the light 
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appearing at the electrode is a factor in the formation 
of the photographic record of Lichtenberg figures, the 
following experiments were made: 

A photographic plate with the emulsion side up was 
placed in a klydonograph in the usual manner. A 
clear pane of glass was placed on top of the photographic 
plate and the space in between filled with alcohol to 
exclude the air. A spark in the klydonograph circuit 
produced a Lichtenberg figure on the photographic 


14—SurFacE PARTLY CovERED BY NusoL OIL 
—PosiTIVE FIGURE 


Fic. 


15—Surrace PARTLY CovEeRED BY NujJor OIL 
—NEGATIVE FIGURE 
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plate but the outline of the branches in the positive 
figures were hazy andindistinct. This, naturally, would 
be the case, as the electrons had to move necessarily on 
top of the cover plate; hence, the light would disperse 
before reaching the emulsion on the photographic plate. 
After inserting a thin black paper, opaque to light, 
between the cover plate and the photographic plate 
but otherwise, the same circuit arrangement as above, 
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a second exposure was made. In this case, no Lichten- 
berg figure appeared on the photographic plate. 

A second method for solving the problem was devised. 
The klydonograph was loaded with a photographic 
plate, emulsion side up, and a few drops of Nujol oil 
was placed at the point of contact of the electrode. 
'Typical examples of Lichtenberg figures found by this 


Fic. 16— REPRODUCTION OF A'Micno-PuHoTOGRAPH OF PRONG IN 
PosrrivE Figure (1000 DIAMETERS) 


method are shown in Figs. 14 and 15. It should be 
noted that the figures are sharply “focused” in the 
areas not covered by the oil, but hazy where the plate 
was covered by oil. This would follow if the formation 
of the light occurs on the surface of the oil and on the 
bare parts of the plate; namely at the surface boundary 


between the air and plate or air and oil. A *udi 
From the experiments using a cover plate, as well as 


Fic. 17—PosriTIvE FIGURE. PRESSURE 76 cM. 

from the results gained by using Nujol oil, it became 
evident that the light factor is the immediate agent 
in forming the photographic record of Lichtenberg 
figures. The sharpness of the images in the places 
not covered by the oil, and of the figures taken without 
any covering, may be considered as well nigh conclusive 
evidence for the assumption that the source of the light 
that produces the photographic record in Lichtenberg 
figures is found in an exceedingly thin layer directly 
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on the surface of the photographic plate; that is, essen- 
tially in the surface boundary between the air and the 
emulsion film. It appears probable that the thickness 
of the surface layer traversed by the light producing 
electrons is a function of the wave-front of the electric 
impulse. (Figures taken through cover glass and also 
with surface partly covered by Nujol oil were shown 
on screen.) 


Micro-Photographs. To gain more evidence as to the 
effect of the light factor in the formation of Lichtenberg 
figures micro-photographs (magnification 1000 diam- 
eters) were taken of the prongs and “in between 
spaces” of the positive figures. In Fig. 16 is shown a 
typical micro-photograph of a slender prong—the 
heavily spotted band across the figure—of a positive 
figure. The sharpness of the edges compares quite 
favorably with what is found in sharply focused photo- 
graphs. The density of the black specks between the’ 


prongs of the figure is approximately the same as in the 


Fic. 18—PosiTrivE Ficure. Pressure 6 cm. 
control plate showing that the light effect was confined , 
to the figure itself and did not to any appreciable extent . 
fog the plate. For control an unexposed plate from 
the same box of plates was kept in the developer and | 
fixing bath along with, and for the same length of time 
as, the exposed plate. Visual examination of both the 
positive and negative figures by means of a compound 
microscope is more satisfactory than to study the micro- 
photographs as for the higher magnification the thick- 
ness of the emulsion film is greater than can be observed 
without change of focus. The dark specks are dis- 
tributed through the emulsion film and not merely in 
a surface layer. 

Changes in Air Pressure. The preceding discussion 
relates to Lichtenberg figures taken in air under normal 
atmospheric pressure. Figures taken in a partial 
vacuum differ radically in appearance and size from 
those obtained at normal pressures. The size of the 
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figure increases with reduction in pressure. The for impulses of the same magnitude and wave form at 
quantitative relation between size of figure and pressure 76-cm. and 6-cm. pressure, (atmospheric) respectively. 
of gas is being investigated, but no equation hasbeen For the negative figures, the chief differences seem to 
be increase in size as the pressure is reduced. Experi- 
ments on the effect of changes in air pressure are in 
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Fie. 21 progress and the results will be published when the 
investigation is completed. (A series of slides showing 

definitely derived. The appearance of the positive positive figures for various air pressures were shown.) 
figures varies greatly with the reduction of the air Letter Electrodes. If the electrode in contact with 
pressure. In Figs. 17 and 18 are shown positive figures the photographic plate is shaped into the form of 
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letters, the resulting Lichtenberg figures produce in- 
teresting and pleasing effects. 

Thus, in Figs. 19 and 20 are shown the positive and 
negative figures for “A. I. E. E." and in Figs. 21 and 22 
corresponding figures for “SPOKANE.” In Figs. 23 
and 24, having "UNIVERSITY OF WASHINGTON” on the 
electrode, the exposure was made under reduced air 
pressure. The change in form is especially apparent 
in Fig. 23. (A number of slides with electrodes in the 
form of letters or words.) 


SUMMARY 


a. The first part of the paper gives a statement of 
Lichtenberg's discovery and a brief outline of the work 
that has been done in this field. "The second part of 
the paper deals with work completed or in progress 
at the University of Washington. 


b. Description of the belt generator as a source of 
steep wave-front impulses suitable for the production 
of Lichtenberg figures. 

c. A comparative study of available types of photo- 
graphic plates revealed that the Lumiére Sigma plate 
gave best results. 


d. Experimental evidence supporting the proposi- 
tion that for the negative figure electrons are projected 
over the surface of the plates in a radial direction out- 
wards from the negative electrode. 


e. Likewise for the positive figure, the direction of 
motion of the electrons is towards the positive electrode 
although the steep-voltage gradient wave, itself, moves 
radially outwards from the electrode. 

f. Experiments are described which prove that light 
is formed when the electric impulse travels over the 
plate surface and that light action is the immediate 
cause for the formation of the photographic record. 
The sharpness of the figure outlines indicate that the 
light is produced at the surface boundary of the air 
with the photographic plate. 

g. Experiments are in progress to determine the 
effects on Lichtenberg figures for changes in air pres- 
sure. The size of the figure increases with reduction in 
pressure and the general structure, of especially the 
positive figure, changes greatly from the form produced 
by the given impulse in air at atmospheric pressure. 

h. If the shape of the electrode is in the form of 
letters, sketches, drawings, or other forms, interesting 
effects may be produced, as is evidenced by Figs. 19 
to 24 inclusive. 


Although accidents last year showed an increase, 
the 1927 toll of approximately 95,500 deaths being about 
4 per cent higher than in 1926, members of the National 
Safety Council are reducing the number of industrial 
fatalities in shops and factories, as is shown in the 
annual statistical compilation which just has been 
made public, comprising a pamphlet covering the safety 
experiences of some 2089 establishments in varied lines. 
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HAZARD OF TRAILING CABLES ON 
ELECTRICAL MINING MACHINES 


The earlier approvals on electrically-operated mining 
machines issued by the United States Bureau of Mines 
from 1914 to 1922 gave but scant consideration to the 
trailing cables on these machines. As the problem of 
safeguarding these machines became better understood, 
the condition of the trailing cable was recognized to bea 
matter worthy of careful consideration. Consequently, 
in January, 1922, a conference of machine manufac- 
turers, cable manufacturers, and operators was called 
by the Bureau of Mines. This conference resulted in 
quite general adoption of rubber-sheathed cable for 
this service, which change undoubtedly decidedly 
improved the service. 

As the Bureau accumulated further evidence as to 
the experience with trailing cables, it became evident 
that cable splices as usually made were causing many 
cable failures and bringing about an especially dangerous 
situation. Hence, in the Bureau’s recent approvals, 
the splicing of trailing cables is forbidden unless such 
splices are vulcanized. 

The liability of two-conductor concentric type cables 
to short-circuit has been called to the Bureau’s attention 
by one operator. A test in which a 10-lb. weight is 
dropped a distance of 6 feet on the conductor has been 
tentatively standardized. The conductor is placed 
lengthwise on a steel mine rail. "The tests are repeated 
until the conductor is short-circuited either by forcing 
the conductors together or by the metallie weight itself. 

During the past few months, the Bureau has made a 
number of tests on concentric and other types of cable 
and the results point to the necessity of radical changes 
in the construction of concentric cables if such cables 
are to be admitted as a part of permissible equipment. 


TESTING OF PERMISSIBLE BLASTING 
DEVICES 


At its Pittsburgh Experiment Station the United 
States Bureau of Mines is prepared to conduct tests of 
blasting devices for the purpose of determining the . 
permissibility of such devices, and approving them as 
permissible for use in coal mines. 

A permissible blasting device for breaking down 
coal is a device similar in all respects to the sample 
passed by tests prescribed by the Bureau of Mines to 
determine its safety for use in coal mines. A permissi- 
ble blasting device is permissible only when it is used 
in accordance with the conditions prescribed by the 
Bureau of Mines. 

Schedule 20, “Permissible Blasting Devices; Pro- 
cedure in Testing, Fees, and Requirements for op- 
proval," recently issued by the Bureau of Mines, con- 
tains information in regard to the conditions under 
which blasting devices will be tested. Copies of this 
schedule may be obtained by addressing the United 
States Bureau of Mines, Department of Commerce, 
Washington, D. C. 
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New York Section to Hear Lecture on 
Waves and Crystals 


On the evening of Tuesday, November 13th, the New York 
Section of the Institute will hold its first meeting of the adminis- 
trative year 1928-29. Dr. Karl K. Darrow, of the Bell Telephone 
Laboratories, will give a lecture on ‘“‘Crvystals and Waves." This 
address of a semi-popular character, will be an account of the 
interactions of crystals with X-rays and electrons, showing 
that crystals are periodic arrangements of atoms and that elec- 
trons and X-rays are periodic similar waves. The talk will be 
illustrated with lantern slides. ~ 

The Executive Committee wishes to express its regret over 
the cancellation of the October 26 meeting. Itwill be held, how- 
ever, at a later date. 

The December meeting will be held on the 14th of the month 
at the Edison Lighting Institute, Harrison, N. J. 


Future Section Meetings 


Cleveland 


Making Sound Visible and Light Audible, by John B. Taylor, 
Consulting Engineer, General Electric Co. Electrical League 
rooms, Hotel Statler. November 15. 

Joint meeting with Cleveland Chapter, Illuminating Engineer- 
ing Society. December 13. 


Pittsburgh 


Transient Phenomena, by K. B. McEachron, Lightning Ar- 
rester Engg. Dept., General Eleetrie Co. November 13. 

Facsimile Picture Transmission, by Dr. Dayton Ulrey and 
Dr. V. Zworykin, Research Dept., Westinghouse Electric & 
Mfg. Co. December 11. 


Vancouver 


Visit to new technical school. November 6. 
Aeroplane Design, by Professor Vernon, University of British 
Columbia. December 4. 


Conference on Impregnated Paper 
Insulation 


Research in the field of impregnated paper insulation is being 
actively prosecuted in a number of university and industrial 
laboratories. The Committee on Electrical Insulation, N. R. C., 
is in touch with much of this work, and it can render a service 
by bringing together for mutual discussion as many as possible 
of those who are interested in this field. Therefore, for the 
purpose of reviewing, discussing, and further coordinating the 
work which is now under way, it is arranging a conference at the 
School of Engineering, The Johns Hopkins University, Baltimore, 
November 16 and 17, 1928. Among those who have accepted 
invitations to take part in the conference and to report on the 
progress of the work now under way in their respective labora- 
tories are: 

Doctor V. Bush, Massachusetts Institute of Technology; 
Professor A. H. Compton, University of Chicago; Mr. W. F. 
Davidson, Brooklyn Edison Company; Professor C. L. Dawes, 
Harvard University; Mr. C. F. Hirshfeld, Detroit Edison Com- 
pany; Professor V. Karapetoff, Cornell University; Professor 
E. B. Paine, University of Illinois; Mr. D. W. Roper, Common- 
wealth Edison Company; Doctor J. B. Whitehead, Johns 
Hopkins University; Mr. G. B. Shanklin, General Electric Com- 
pany; Doctor G. M. J. Mackay, General Electrice Company. 

Friday, November 16, will be devoted to the reports indicated 
above, and technical discussion thereon. A meeting of the Com- 
mittee on Electrical Insulation, N. R. C., will be held on Satur- 
day, November 17, at 9:30 a. m. Upon request, provision will 


also be made for meetings of any other committees which may be 
desired. The remainder of Saturday morning will be available 
for à eontinuation of the diseussion of the researeh reports. 
Those who expect to attend are requested to notify Doctor 
John B. Whitehead at Johns Hopkins University. 


Annual Meeting of The A. S. M. E. 


The Annual Meeting of The Ameriean Society of Me- 
chanical Engineers program covers a wide field of activities. It 
will open on Monday, December 3, and following preliminary 
business meetings held during the morning, papers on machine 
shop practise, hydraulics and applied mechanics will be presented 
and discussed during the afternoon. Tuesday’s sessions will 
include Machine Shop Practise (II), Industrial Power, Hydrau- 
"ies (II), Applied Mechanics (II) in the morning; in the 
ifternoon, Machine Shop Practise (III), Education and Training 
for the Industries of Non-College Types, Material Handling 
(I) and a public hearing of the Power Test Code. Tuesday 
evening, the presidential reception and dance will be held. Wed- 
nesday morning, Fuels, Management (jointly with A. M. A.), 
Oil and Gas Power and Railroading will occupy the program. 
Wednesday afternoon, there will be an illumination session held 
jointly with the Illuminating Engineering Society, a second 
Railroad session and the reports of the steam table research. 
Wednesday evening there will be the Annual Dinner at the 
Hotel Astor, and Thursday morning’s program will include 
the subject of Central Station Power, a third session on manage- 
ment, a session on aeronautics, and oneon lubrication. Thursday 
afternoon, boiler feed water studies will be presented, followed 
by a session on fluid meters, a second session on the handling of 
materials, and & symposium on mechanical springs. Thursday 
evening the college reunions will be held. Friday morning’s 
sessions will apply to the iron and steelindustry, the printing indus- 
try, the wood industries with a joint session with A. S. R. E. 


Seventh National Exposition of Power and 
Mechanical Engineering 


A feature of the Seventh National Exposition of Power and 
Mechanical Engineering this year will be a motion picture pro- 
gram running through the entire week of the Show from Decem- 
ber 3 to 8 inclusive. 

The films will covera wide field of service, and some of them are 
being shown for the first time; date and time to be announced 
later. At present the program includes the following: 

“The Age of Speed"; “The Handling of Heat," showing 
use of Norton refractories in industry; “The Story of Vim 
Leather," showing production from raw materials to finished 
produets and the various functions and operations through which 
it passes to actual operation by industry; ‘‘The Manufacture of 
Timkin Steel Roller Bearings," ''Freezing Out Fires," demon- 
strating the effectiveness of carbonic gas as an extinguishing 
medium as compared with carbon tetrachloride; ‘‘Electrical 
Measuring Instruments," covering the principle and operation, 
and the voltmeters, ammeters of the permanent magnet, movable 
coil and movable iron types of instruments, as well as volt- 
meters, ammeters, watt-meters of the electro-dynomometer type, 
power factor, frequency meters, synchroscopes and thermo 
instruments; ‘‘Controlling Heat," showing the transmission of 
energy in the form of heat to work for the comfort of humans; 
“The Heat Thief," a new film by the Hoffman Specialty Co. 
"Controlling Fire in the Dip Tank," by Walter Kidde & Co. 
—''Power," which shows the amazing growth in the use of 
power since it was first applied industrially about 150 vears ago, 
traces the development of the steam engine from the first crude 
engines of Newcomen and Watts to those of the present time. 
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** From Coal to Electricity,” discloses the story of the operation 
of electricity from coal showing the operations and the machines 
used to do the work. 
**Conowingo," which shows the building of one of the important 
water power projects of the United States. Located on the 
Susquehanna River in its initial development, it is, second 
only to the plants at Niagara Falls., Films by Courtesy Stone 
& Webster Engineering Co. 

This program and other features carry a message to the 
engineering and industrial world and to all who attend the Show. 

Among the new equipment this year will be a new line of 
lighting panels and a new method of interior wiring known as 
Square Duet, by the Square D Company. l 


Jobn Fritz Medal to Mr. Hoover 


At its regular annual meeting October 19th, the John Fritz 
Medal Board of Award bestowed its gold medal upon Herbert 
Clark Hoover. The process of selection for this medal award 
which occupies an extended period of several years. was made 
tentatively a year ago by the Board, composed of sixteen recent 
past-presidents of the four National Societies of Civil, Mining 
and Metallurgical, Mechanical, and Electrical Engineers, com- 
prising a combined membership of nearly 60,000. The final 
decision was unanimous. 

By this means, the Board sought to express the profession’s 
high appreciation of Mr. Hoover's distinguished attainments as 
an engineer, particularly in mining operations in this and other 
countries, and of his great services to his fellowmen. Notable 
among his engineering achievements is the successful introduc- 
tion into other countries of improved American mining methods. 
His scholarly accomplishments too are worthy of mention, 
especially his translation of the difficult medieval Latin of 
Agrieola's famous book, “De Re Metallica,” into readable 
English. In this enterprise, Mrs. Hoover worked with him. 

The citation accompanying the award reads: ‘To Herbert 
Hoover, Engineer, Scholar, Organizer of Relief to War-Stricken 
Peoples, Public Servant." The medal is to be presented to Mr. 
Hoover at the annual meeting of the American Institute of 
Mining and Metallurgical Engineers the third week of February 
1929 in New York. Within the past few years Mr. Hoover has 
been made an Honorary Member for Life of the American Society 
of Civil Engineers, the American Institute of Mining and Metal- 
lurgical Engineers, American Society of Mechanical Engineers, 
by their separate actions. 


A. I. E. E. Directors Meeting 


The regular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at Institute head- 
quarters, New York, on Thursday, October 18, 1928. 

There were present: President R. F. Schuchardt, Chicago; 
Past President B. Gherardi, New York; Vice-Presidents O. J. 
Ferguson, Lincoln, Neb., J. L. Beaver, Bethlehem, Pa., E. B. 
Merriam, Schenectady, N. Y., H. A. Kidder, New York, B. D. 
Hull, Dallas, Tex.; Direetors M. M. Fowler, Chieago, C. E. 
Stephens, New York, I. E. Moultrop, Boston, H. C. Don Carlos, 
Toronto, F. C., Hanker, East Pittsburgh, E. B. Meyer, 
Newark, N. J., J. Allen Johnson, Niagara Falls, N. Y., A. M. 
MacCutcheon, Cleveland; National Secretary F. L. Hutchinson, 
New York. 

The minutes of the Directors’ meeting held August 7, 1928, 
were approved. 

The following minute in memory of Allen M. Schoen, former 
Vice-President of the Institute, was adopted: 


The death on August 15, 1928, of Allen M. Schoen, Chief 
Engineer of the South-Eastern Underwriters Association and 
President of the National Fire Protection Association, removed 
from the profession of electrical engineering one of its most 
highly esteemed representatives and from the Institute a member 
who, during much of the time from his admission in 1893, had 
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served with great effectiveness as vice-president, director, com- 
mitteeman, or Section chairman. From his early years in 
railway, central station, and manufacturing work through long 
service with the South-Eastern Underwriters Association and 
as consulting engineer, his high ability, sound judgment, pleasing 
personality, and loval, unselfish devotion to the interests of all 
eoncerned won him high respect, and he attained the distinction 
of being one of the leading fire protection engineers in the 
country. It is, therefore, with a keen appreciation of the great 
loss sustained by both the profession and the Institute that 
the Board of Directors hereby extends to his family and associates 
its sineere sympathy and orders this minute spread upon its 
record. 

Reports were presented of meetings of the Board of Examiners 
held September 26 and October 3, 1928, and the actions taken at 
those meetings were approved. Upon the recommendation of 
the Board of Examiners, the following actions were taken: 245 
Students were enrolled; 126 applicants were elected to the grade 
of Associate; 26 applicants were elected to the grade of Member; 
1 Fellow was reelected; 31 applicants were transferred to the 
grade of Member; 3 applicants were transferred to the grade of 
Fellow. 

Approval by the Finance Committee, for payment, of monthly 
bills amounting to $34,084.13, was ratified. The budget for the 
appropriation year beginning October 1, 1928, was adopted as 
submitted by the Finance Committee. 

The Secretary reported 1162 members (1102 Associates, 57 
Members, and 3 Fellows) in arrears for dues for the fiscal year 
which ended April 30, 1928, and was authorized to remove from 
the membership list on December 1, 1928, all those whose dues . 
for that year remain unpaid at that time and who have not indi- 
cated a desire to continue membership, requesting an extension 
of time for the payment of the dues. 

In accordance with Section 22 of the Constitution, the follow- 
ing "Members for Life" were exempted from future payment of 
dues: James Burke, Fred B. Corey, M. H. Gerry, Jr., Frederick 
V. Henshaw, John Mills, Charles Wellman Parks, and Elmer A. 
Sperry. 

Upon the recommendation of the Committee on Student 
Branches, authorization was given for the organization of a 
Student Branch of the Institute at Cornell University, 
Ithaca, N. Y. 

In accordance with Section 21 of the By-laws, five members 
of the Board of Directors were selected to serve on the National 
Nominating Committee, as follows: Messrs. H. C. Don Carlos, 
Bancroft Gherardi, H. A. Kidder, A. M. MacCutcheon, and 
E. B. Meyer. 


Mr. G. L. Knight was reappointed a representative of the 
Institute on the Board of Trustees of the United Engineering 
Society, for the three-year term beginning in January 1929. 


The following representatives of the Institute on the Assembly 
of American Engineering Council were appointed for the two- 
year term beginning January 1, 1929: Messrs. H. H. Barnes, Jr., 
A. W. Berresford, F. L. Hutchinson, Farley Osgood, A. G. Pierce, 
R. F. Schuchardt, Charles F. Scott, C. E. Skinner, and Calvert 
Townley. 

Specific dates as decided upon by the local committees and 
officers, were approved for the following Institute meetings, 
which had been previously authorized: March 20-22, 1929, 
Cincinnati Regional Meeting; September 3-6, 1929, Pacific Coast 
Convention; December 2-4, 1929, Chicago Regional Meeting. 


Upon the recommendation of the Standards Committee, the 
following actions were taken: Approved the revision of the 
definitions section of the A. I. E. E. Wires and Cables Standard 
No. 30; approved for acceptance as A. I. E. E. Standards, the 
following standards developed by subcommittees of the Sectional 
Committee on Scientific and Engineering Abbreviations and 
Symbols: Standards for Letter Symbols for Electrical Quantities 
(No. 17g1), Standards for Hydraulic Symbols (No. 17b), and 
Standards for Aeronautical Symbols (No. 17e). 

The design of the reverse of the Lamme Medal was approved as 
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submitted by the Lamme Medal Committee, the obverse having 
been approved previously. 

Approval was given to the revised Constitution of the 
American Engineering Standards Committee, which carries 
with it a change in name to ‘‘American Standards Association." 
Mr. F. D. Newbury was appointed a representative of the 
Institute on the Standards Council of the American Standards 
Association (formerly called Main Committee), for the three- 
year terming beginning January 1, 1929, and Messrs. H. M. 
Hobart, H. S. Osborne, and L. T. Robinson were reappointed as 
alternates for the year 1929. 

Progress Report No. 6 of the Joint Committee on Welded 
Rail Joints was received from Professor D. D. Ewing, a repre- 
sentative of the Institute on the Committee. 

Invitations were accepted to send representatives to the 
Second International Conference on Bituminous Coal, at the 
Carnegie Institute of Technology, Pittsburgh, November 19-24, 
1928; to the 100th Anniversary of the Central School of Arts and 
Manufacturers, Paris, France, May 26-28, 1929; and to the 
inauguration of President Harvey N. Davis of Stevens Institute 
of Technology, November 23, 1928. The appointment of the 
representatives was referred to the President and the Secretary 
with power. | 

Other matters were discussed, reference to which may be found 
in this and future issues of the JOURNAL. 


Doctor Acheson Creates New Fund 


It was announced at Columbia University by Prof. Colin G. 
Fink, secretary of the American Electrochemical Society that 
& prize fund of $25,000 has been presented to it by Dr. Edward 
Goodrich Acheson, New York inventor, and a member 
of the Institute since 1888. The fund is to form the basis of 
an award every second year of a gold medal, and a prize of 
$1000 to any man who has made a distinguished contribution 
to any of the branches fostered by the society. Dr. Acheson in- 
vented the Acheson graphite, and the tungsten wire of the 
incandescent lamp owes its existence to ‘‘aquadag,’’ an aqueous 
lubricant of ‘‘defloculated Acheson graphite." In July, 1881 
Dr. Acheson was sent as first assistant engineer of the Edison 
interests to the Electrical Exposition in Paris. He returned 
to the United States in 1884, and for a time was connected 
with the Consolidated Lamp Company of Brooklyn, and the 
Standard Underground Cable Company of Pittsburgh. 


Appreciation of Louvain Memorial 


The following is the text of a letter recently received from 
P. Ladeuze, Rector of Louvain University, to Mr. Edward D. 
Adams and the delegates of the National Societies of Civil, 
Mining, Mechanical and Electrical Engineers: 


It is my duty, in the name of the University of Louvain and in my own 
personal name, to thank you and the representatives of the Founder 
Societies of the ‘United Engineering Society’ for the very kind letter of 
congratulations which you sent to me from Brussels on the 5th of July. 

The words you addressed to me, still full of the immediate impression 
of our happy and cordial meeting, proved to us all that in your person and 
in the persons of the delegates, the University of Louvain had found the 
most sincere and also the most sympathetic friends she could ever find. 

I, myself, and all the members of our faculty, will keep forever in our 
memory the deep emotions of that 4th of July, when it was given to us to 
come and to remain in close contact with men who are the best representa- 
tives of American idealism and of the friendliest cooperators in our work of 
reconstruction after the war. 

The splendid memorial to the American engineers who fell in the war was, 
without doubt, a very noble conception, a ndone which was most agreeable 
tousall. It represents so fully the sentiments of the donors and it expresses 
80 adequately the ties of everlasting friendship which exist between your 
societies and the University of Louvain, that no one could have imagined a 
better memorial than this great one. 

In the spire of the Library tower, the Liberty Bell and the carillon will 
remain for generations to come—the magnificent proof of your generous 
help, of your lofty ideals of science and humanity, and of your noble con- 
ception of international solidarity. The University of Louvain owes to 
you all a debt of gratitude which cannot be repaid. 
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I am happy to thank you also for your presence and the presence of the 
delegates of the Founder Socleties at the celebrations of the 4th of July: 
presence which was most precious to us, because it allowed us to exchange 
with you sentiments and words which were to bring us together in an at- 
mosphere of warm and cordial friendship. 

The University of Louvain would be much obliged to you if you would 
communicate the contents of this letter to the members of all the Engi- 
neering Societies who helped to build up the splendid memorial. 
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LIBRARY ENDOWMENT FUND 


The Engineering Societies Library is suffering under the same 
strain to balance service and income as every college and uni- 
versity. In ten years the number of users has more than 
doubled and the total expense has risen accordingly. 

Users expect more and more that the librarian will act as an 
expert consultant in problems that books can answer. Now, 
instead of a book, the library assistant is asked to produce a 
definite answer to a specific question. And to do this, a much 
higher grade of worker is necessary. 

One of the most obvious opportunities for economy is offered 
in systematic indexing. A great amount of money is spent each 
year in indexing engineering literature, yet there is no place in 
America where a man can consult a complete index. As matters 
are, an inquirer is given three or four hundred volumes of in- 
dexes, and told that by looking through all of them, he probably 
will find everything of real importance on his subject. 

Combining these indexes into a single file would make the 
matter much simpler. It would cost but a fraction of the 
amount now spent and besides speeding up the rate of answer. 
Everyone realizes this, but no library has been able to finance it, 
and the undertaking lags for lack of a benefactor sufficiently 
far-sighted to realize the permanent help he can give the engineer- 
ing profession in this way. 

Germany has seen it and has compiled an index in connection 
with its national research department. The Science Museum 
Library in England is engaged on one now. America has done 
nothing. 

The Engineering Societies Library is the logical place to do 
the work in this country; but $5000 a year would be a minimum 
amount required; and $10,000 could be well spent on accumulated 
material. The task could be done in parts should funds for the 
whole not become available at once. 


PERSONAL MENTION 


MMeH M HAMO LOCACION LONON 


CarL C. NrsoN has resigned from the Westinghouse Electric 
& Mfg. Co. at East Pittsburgh, Pa. to identify himself with the 
Electric Machinery Company, Minneapolis, Minn. 

Tuomas F. HEnRiNG has resigned from the Bristol Company of 
Waterbury, Conn., and has accepted a position as general sales 
manager of the Signal Engineering & Mfg. Company, New York 
City. 

H. D. PANTON, who has been with Francis R. Weller, Consult- 
ing Engineer, Washington, D. C., has joined the general engineer- 
ing staff of the Eleetrie Bond & Share Company and will go as its 
general engineer to Barranquilla, Columbia. 


RoLAND A. PACKARD, who, for the past eight years, has been 
meehanieal engineer for the Ludlow Manufacturing Associates, 
two years of which were spent in a large plant just south of 
Caleutta, ironing out eonstruetion diffieulties, has now returned 
to the United States as plant engineer of the Smith Paper 
Company, Lee, Massachusetts. 

CHanLES R. HicsoN, who was chief engineer of the Utah 
Power & Light Company, Salt Lake City, is now superintendent 
of distribution with responsible charge of the company's entire 
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system of distribution. In 1926 Mr. Higson acted as chairman 
of the Local Convention Committee for the Institute’s Pacific 
Coast Convention at Salt Lake City and he also for many years 
served as secretary and chairman of the Institute’s Utah Section. 

N. L. Mortensen, Fellow of the Institute, was appointed chief 
engineer of the Cutler-Hammer Company, Milwaukee, effective 
September 1. Mr. Mortensen has been associated with the 
Cutler-Hammer Company for the past 21 years and for the last 
five years has been assistant to its chief engineer, Mr. T. E. 
Barnum also a Fellow of the Institute. Mr. Barnum has just been 
made consulting engineer for the company, and will now be 
afforded an uninterrupted opportunity to give his attention to 
special engineering problems and outside engineering relations. 

J. W. Youna, formerly in the Power and Central Station 
Design Department of the General Electric Company at Schenec- 
tady, but more recently station design engineer for the 
Duquesne Light Company, Pittsburgh, Chicago, and the Byllesby 
Engineering & Management Corp. Heisnow affiliated with the 
New England Power Association, Boston, Mass. stationed with 
the Narragansett Electric Company, a subsidiary of the New 
England Power Association, at Providence, R. I., as Electrical 
engineer in charge of a newly formed engineering department. 

Mr. EpcAR H. FELIX, technical writer (author of ‘Using 
Radio in Sales Promotion’’), and broadcasting and merchandising 
consultant, has joined the staff of the National Electrical Manu- 
facturing Association, to specialize in radio problems. For 
several years, he was in charge of public relations of station WEAF 
while it was owned and operated by the American Telephone and 
Telegraph Company; subsequently he was associated with 
N. W. Ayer & Son, advertising agents. During the past few 
years, he has maintained an independent consulting business in 
connection with commercial broadcasting and broadcast alloca- 
tion. Mr. Felix joined the Institute in 1919. 


Obituary 


Robert Clay Jones, who has been a member of the Institute 
since 1902 and, for many years, was identified with engineering 
interests in New Zealand, died at Dunedin, New Zealand, 
August 1928. Mr. Jones was born in Liverpool, 1852. and 
after completion of his public school education, took a year in 
chemistry. He almost immediately became interested in elec- 
trical operations and began experimenting on electrical subjects; 
in fact it was he who first demonstrated electric transmission of 
power in New Zealand, using two series-wound Gramme machines, 
one as a generator and one as a motor. Healsoimported the first 
Swan lamps into New Zealand and exhibited them in operation 
before the members of the Otago Institute. He superintended the 


installation of the closed-circuit fire alarm, and was with the ` 


shore staff of the Union Steam Shipping Company of New Zealand 
as chief electrical engineer, making all electric installations on 
eleven steamers and planning and equipping the company’s 
repair shops, carpenter shops and upholstering department with 
electric facilities. For the past thirty years he has been identi- 
fied with Turnbull & Jones, Ltd. and for them, carried out 
two transmission plans for electric gold dredges to the entire 
satisfaction of his principals, the Earnsclaugh Gold Dredging 
Generating, Transmitting and Motor Equipment, the Mataura- 
Gore transmitting plant and Electrical Pumping interests. He 
lectured on electricity in many of the principal towns of Otago 
and was exceedingly active in the promotion of the profession in 
that section. Mr. Jones has been a member of the British 
Institution of Electrical Engineers since 1887. 

Alexander C. Dogherty, late of the staff of T. Pringle & 
Son, Ltd., industrial engineers and architects of Montreal, and 
an Associate of the Institute for the past fifteen years, was 
drowned in Brome Lake, Quebec, August 10. He was born in 
Montreal and after graduating from the Victoria Publie School, 
took several technical courses in the Montreal Commercial and 
Technical High School, with the Council of Arts & Manufacture, 
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the Y. M. C. A., and the International Correspondence School. 
From 1906 to 1910, his work was in the offices, shops and drafting 
room of the Northern Electric & Mfg. Co., telephone manufac- 
turers. From 1910-1911, he was power switchboard designer and 
inspector for Allis-Chalmers-Bullock, and in 1913, he joined his 
last professional interests, T. Pringle & Son, with whom he served 
in the varying capacities of draftsman, engineer on power plants, 
electrical equipment for cotton mills, and pulp mills, and event- 
ually as chief draftsman of their electrical and mechanical divi- 
sion. To quote “he will be greatly missed by his business 
associates and friends both on account of his professional and 
business attainments and his genial personality.”’ 


F. S. Blackall, vice-president and general manager of the 
Taft-Pieree Manufacturing Company of Woonsocket, R. I. and 
a member of the Institute since 1897, died at his summer home 
at Woodmont, Conn. Oetober 6. Mr. Blaekall was of old 
American stock, born in Brooklyn, New York, 1865. He 
received his edueation in the New York Publie Sehools and Berlin 
(Germany) Gymnasium. From 1885 to 1905 he was construc- 
tion engineer and contractor handling sales and supervising 
installation of electric power transmission machinery, as presi- 
dent of Blackall & Baldwin Co. In 1903 he identified him- 
self with the Taft-Pieree Manufaeturing Company of Woon- 
Socket as its engineer, vice-president and general manager of 
precisions machinery. He was also president of R. Hoe & 
Company, of New York and chairman of R. Hoe & Co., Ltd., 
London, of printing presses. His last work was the general 
supervision of all operations for his company. The companies 
with which he was associated at the time of his death were many 
and varied. He was president of the Interchangeable Parts 
Company, vice-president and general manager of the Mott 
Haven Company and director of Parks & Parks, Inc. Formerly 
he was vice-president and managing director of the Ottoman- 
American Company which held title to the Chester concessions, 
taking them over from Rear Admiral Colby M. Chester, who 
obtained them from the Turkish Government. Mr. Blackall 
resigned from the Board in 1923. Mr. Blackall served the 
New York National Guard for seven years as a member of the 
Seventh Regiment and for three years during the World War he 
was a special intelligence officer for the British and American 
governments in Europe. He was a member of the Academy of 
Arts and Sciences and the Y. M. C. A.; also The American 
Society of Mechanical Engineers, the American Association for 
the Advancement of Science, the American Geographical Society, 
the Engineers Club of New York, the Union League (New York) 
and the Detroit Athletic Club. 


Theodore C. Roberts, consulting engineer, and a member of 
the Institute since 1916, died suddenly September 28, at his 
home, 468 Riverside Drive, New York City. Mr. Roberts was a 
native of New Orleans. After completing his grade school work 
he entered upon an electrical engineering course at Tulane 
University, supplementing this later with a further special course 
in electrical engineering at Colorado College. From 1894 to 
1900, he has filled many responsible positions at the Canon City 
and Florence offices of the Colorado Bell Telephone Company, 
with the Canon City Light, Heat and Power Company, and the 
Teluride Power Company, where he worked with Mr. Ralph D. 
Mershon on high-tension experimental work. His subsequent 
electrical activities included service as electrical engineer for the 
United States Reduction and Refining Company in charge of 
design and construction, chief engineer for the Arkansas Valley 
Railway Light and Power Company at Pueblo and chief engineer 
of the United Verde Copper Company, the United Verde & 
Pacific Railroad, the Verde Tunnel & Smelting Railroad and the 
Verde Utility & [Improvement Company, four vears in designing 
and constructing railroads and equipment aggregating approxi- 
mately ten million dollars in value. Mr. Roberts was closely 
associated with the Guggenheim interests in Colorado and was 
also chief engineer for the H. M. Byllesby Company. While in 
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Arizona, he was identified with the interests of the late Senator 
W. A. Clark. During the world war, he was engaged in the 
manufacture of chemicals and dyes, and subsequent to that 
seavice, he was chosen assistant to the president of the Columbia 
Graphophone Company. Since 1923, Mr. Roberts has devoted 
most of his time to consulting engineering and the writing of 
scientific articles. He joined the Institute in 1916 as an Associ- 
ate, but advanced the next year to the grade of Member. He 
was a member of the four national engineering bodies, Civil, 
Mechanical, Mining, and Electrical; of the Engineers Club; 
was a thirty-second degree Mason; belonged to the Columbia 
Yacht Club, and the Country Clubs of Norwalk, Connecticut, 
and Prescott, Arizona. 


Addresses Wanted 


A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Any member knowing the 
present address of any of these members is requested to com- 
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munieate with the Secretary, at 33 West 39th St., New York. 

All members are urged to notify Institute headquarters 
promptly of any changes in mailing or business address, thus 
relieving the member of needless annoyance and assuring 
prompt delivery of Institute mail through the accuracy of our 
mailing records, and the elimination of unnecessary expense for 
postage and clerical work. 


Theodorus De Langen, 1310 W. Michigan Ave., Jackson, Mich. 
R. A. Drake, 2905 La Salle St., Los Angeles, Calif. i 

R. P. Dunmire, 7014 Wayne Ave., Bywood, Upper Darby, Pa. 
A. Hirth, 1477 W. 9th St., Brooklyn, N. Y. 

David Humphreys, Deer Lake, Newfoundland. 

Edward H. Hutmire, Box No. 3, Angola, Ind. 

A. C. Jefferis, Newcastle, Wyo. 

Francis E. Kelley, 53 Gorham Ave., New Haven, Conn. 

J. Losinsky, e/o Dr. Minkin, 1291 Grant Ave., New York, N. Y. 
H. Perlesz, P. O. Box 783, Milwaukee, Wis. 

H. Reydon, 141 W. 69th St., New York, N. Y. 

Harry A. Wintermute, Apt. 12, 730 Park Ave., Plainfield, N. J. 
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PAST SECTION MEETINGS 
Atlanta 


Annual Meeting. Report of D. H. Woodward, Secretary- 
treasurer. The following officers were elected: Chairman, 
H. L. Wills; Vice-chairman, W. F. Oliver; Secretary- 
treasurer, W. F. Bellinger. A dinner preceded the meeting. 
October 4. Attendance 20. 


Chicago 


Engineering Problems of the Utilities of Metropolitan Chicago, 
by Loran D. Gayton, City Engr.; E. J. Kelly, chief engr., 
Sanitary District; Patrick J. Lucey, former Member Illinois 
Commerce Commission; J. F. Gilchrist, Vice-president, 
Commonwealth Edison Company; W. O. Kurtz, General 
manager, State Area, Illinois Bell Telephone Company; 
Theo. V. Pureell, Vice-president, Peoples Gas, Light & 
Coke Company. A dinner preceded the meeting. Sep- 
tember 24. Attendance 625. 


Cincinnati 


Electrical Distribution, by D. K. Blake, General Electric Com- 
pany. Illustrated with slides. September13. Attendance 
55. 
Dallas 
Recent Developments in Transmission and Reproduction of 
Sound, by J. T. Devine, District Manager, Electrical 
iM Products Company. September 17. Attendance 
Detroit-Ann Arbor 
A Trip Through Africa, by H. H. Emmons, Attorney. Ilus- 
trated. A dinner preceded the meeting. September 25. 
Attendanee 88. 
Erie 
Measuring Electrical. Energy for Public Use, by H. P. Sparkes, 
Speeial Engineer, Westinghouse Electrie & Mfg. Company. 
September 18. Attendance 90. 
Fort Wayne 


Social Meeting. September 27. Attendance 40. 


Indianapolis-Lafayette 


1928 Developments in Radio Receiving Sets, by R. J. Kryter, 
Presto-Lite Battery Corp. Meeting followed by a smoker. 
October 5. Attendance 50. 


Minnesota 


Recent Developments in Outdoor Lighting, by P. B. Reed, General 
Electric Company. Illustrated with slides. September 
24. Attendance 20. 
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Pittsburgh 


The New Isolated-Phase Switch House of the Duquesne Light 
Company on Brunot's Island, by E. C. Stone, System 
Development Manager, Duquesne Light Co. The boat 
Manitou was used to transport the membership from 
Pittsburgh to Brunot Island. The meeting was held on the 
boat and was followed by an inspeetion trip through the 
power plant and switch house. September 18. Attendance 


367. 
St. Louis 
Does the Institute Accomplish Its Object, by C. P. Potter, 
Chairman. 


Talk by R. F. Schuchardt. National President, A. I. E. E., who 
gave a number of helpful suggestions for carrying on the 
engineering work and programs of the Section. September 
19. Attendance 75. 


Seattle 
History and Purposes of the A. I. E. E., by G. E. Quinan, Vice- 
President, District No. 9, A. I. E. E. The Annual Dinner 
preceded the meeting. September 18. Attendance 116. 


Sharon 
A Survey of Present-Day Research and Science, by A. M. Dudley 
Westinghouse Eleetrie & Mfg. Co. Motion picture, entitled 


October 2. At- 


“The Story of Explosives,” was shown. 


tendance 150. 


Toledo 


Steam Production, by E. L. McBee, Asst. Supt., Steam Pro- 
duction of the Toledo Edison Company. September 21. 
Attendance 38. 


Toronto 
Social Meeting. September 28. Attendance 103. 


Some Aspects of Mathematics in Engineering, by R. E. Doherty, 
General Electric Co. October 12. Attendance 57. 


Urbana 
Recent Research in Electrical Engineering, by Prof. E. B. Paine. 
University of Illinois. May 3. Attendance 93. 


Annual Business Meeting. The following officers were elected: 
Chairman, J. K. Tuthill; Seeretary, M. A. Faucett. May 
21. Attendance 15. 


Vancouver 
Inspection Trip to Allouette Power House, B. C. E. R. Septem- 
ber 8. Attendance 29. 
The Modern Page Printing Telegraph Set, by C. B. Diplock. 
Supt. of Maintenance, B. C. Telephone Company. October 
3. Attendance 58. 


Nov. 1928 
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STUDENT BRANCH ORGANIZED AT UNIVERSITY OF 
SOUTH CAROLINA 

The formation of a Student Branch of the Institute at the 
University of South Carolina was authorized by the Board of 
Directors on June 27, 1928, and the Braneh was organized on 
September 24th, when the following officers were elected: 

W. Edwin Eargle, Chairman; George P. Watson, Vice-Chair- 
man; Leroy A. Griffith, Secretary-Treasurer. Additional 
members of the Executive Committee are Frank H. Lucas, 
Charles H. Frick, and Charles A. Riley. At a meeting held on 
October 9th, committees were appointed. Professor Thomas F. 
Ball has been appointed Counselor of the Branch. 


BRANCH MEETINGS 


Alabama Polytechnic Institute 
Talk by Chairman W. P. Smith on the purposes and activities of 


the Branch. Discussion of plans for the year. J. B. 
Paisley elected Vice-chairman. September 20. Attendance 
57. 


Radium and My Experiences with It, by Prof. A. J. Dunstan, 
Eleetrical Engineering Dept. September 27. Attendance 
56. 

Operation of the Electric Ice Plant in Bay Minette, Ala., 
Pardon, student, and 

History of the Electrical Laboratory at the Institute and Improve- 
ments That Are To Be Made, by T. C. Ingersoll, student. 
October 4. Attendance 49. 


University of Arkansas 
Business Meeting. B. H. Dorman was elected Secretary- 
Treasurer. September 26. 
University of California 


Chairman Hyde and Prof. T. C. MeFarland, Counselor, reported 
upon the Pacific Coast Convention at Spokane. Chairman 
Hyde outlined plans for the semester and appointed com- 


by P. V. 


mittees. Refreshments were served after the meeting. 
September 13. Attendance 25. 
Banquet. Prof. H. B. Langille was toastmaster. Prof. T. C. 


MeFarland, Counselor, welcomed 40 new members. B. D. 

Dexter, Chairman, San Francisco Section, gave a talk on the 

aims and ideals for the A. I. E. E. Prof. Joel Hildebrand, 

Chemistry Dept., was the principal speaker and delivered a 

paper on the scientific advances of the present day. Enter- 

tainment followed the talks. October 4. Attendance 81. 
Clarkson College of Technology 


Testing of Big Guns, by Dr. Joseph E. Rowe, formerly Chief 
Ballistician at the Aberdeen Proving Ground, now President 
of Clarkson Memorial College. Prof. A. R. Powers, Counse- 
lor, gave a brief history of the A. I. E. E. Student activities. 
October 9. Attendance 51. 

Clemson Agricultural College 

After a brief business session the following talks were given: 

Civilization and the Engineer, by L. F. Sander; 

Power Supply for Railway Signals, by C. R. Martin; 

New Theories of Electrons, by R. L. Sweeny, and 

Current Events, by W. G. Parrott. October 11. 


University of Colorado 


The Value of the A. I. E. E. to the Engineering Student, by Dean 
H. S. Evans of the College of Engineering. Herbert S. 
Sands, Consulting Engineer, Denver, gave a report on the 
Summer Convention of the A. I. E. E. held in Denver in 
June. October 3. Attendance 45. 


Colorado Agricultural College 


The Aims and Purposes of the A. I. E. E., by Prof. H. G. Jordan, 
Counselor. September 14. Attendance 20. 


Attendance 18. 


University of Denver 
What Happens When a Graduate Starts to Work for the General 
Electric Company, by E. E. Weyerts, alumnus, General 
Electric Co. October5. Attendance 13. 


University of Detroit 


The Uses and Construction of the Lead-Acid Type of Storage 
Batteries, by W. C. Leingang, Service Engr., Detroit Branch, 
Electric ‘Storage Battery Co. Illustrated with three reels 
on the construction of different types of storage batteries. 
September 27. Attendance 25. 


Drexel Institute 


Talk by Dean R. C. Disque of Drexel Institute on the advantages 
of the five-year course offered at the Institute and the great 
importance of studying the lives of famous men in the elec- 
trical profession. Prof. E. O. Lange, Counselor, emphasized 
the advantages of having the students prepare and deliver 
the programs and the necessity of preparing seminar papers 
for prize competition. Program and By-Laws Committees 
were appointed by Chairman Way. October 5. At- 
tendance 14. 


Georgia School of Technology 


Prof. E. S. Hannaford, Counselor, gave a talk on the aims and 
ideals of the Branch and the A. I. E. E. in general, and a 
general outline of the plans of the Branch for the year. 
He also made announcements regarding the Regional 
Meeting to be held in Atlanta. October 5. Attendance 54. 


University of Idaho 


Electrical Installation in the Lewiston Lumber Mill, by S. W. 
Blore, student. The meeting was preceded by the biennial 
Engineers’ Day banquet. May 4. Attendance 34. 


Business Meeting. May 18. Attendance 19. 


Lafayette College 


Business Meeting. A committee was appointed to draw up 
By-laws for the Branch. September 22. Attendance 24. 


Business Meeting. Voted to adopt the Branch By-laws drawn 
up by the Committee on By-laws. The following officers 
were elected: Chairman, H. W. Lovett; Vice-Chairman, 
C. A. Corson. October 6. Attendance 21. 


University of Maine 


Importance of Merchandising in Light and Power Companies, by 
R. N. Haskell, Vice-President, Bangor Hydro-Electrie Co. 


60,000-Kw. Steam-Turbine Generator Set, by K. W. Downing, 
student. Prof. W. E. Barrows, Jr., Counselor, spoke on the 
aims of the Student Branch. Refreshments. October 10. 
Attendance 40. 


Marquette University 


Personality as an Asset in Business, by I. H. Offner, North- 

western Mutual Life Insurance Co. A short talk on mem- 

bership was given by Mr. Windegatz. Lunch was served 
after the meeting. October 4. Attendance 34. 


Mississippi A. & M. College 


Prof. L. L. Patterson, Counselor, gave a short address on the 
organization and scope of A. I. E. E. and its benefits to the 
electrical engineer. Election of officers. September 20. 
Attendance 30. 


Newark College of Engineering 


Bakelite, by E. T. Toth, Bakelite Company of America. Maga- 
zine and Program Committees appointed. October 8. 
Attendance 38. 


University of New Hampshire 


Talks on summer work by E. B. Moore, T. Elliott, Bryce 
Attwood, A. R. Neal, M. W. Cummings, T. W. Colby and 
N. R. Pierce, seniors. Prof. L. W. Hiteheoek, Counselor, 
made a few comments on several of the talks. September 
22. Attendance 33. 


Color for Amateur Movies, by A. R. Neal, senior, and 


Opportunities with the Westinghouse Electric & Mfg. Company, 
by M. W. Cummings. senior. Prof. F. D. Jackson compared 
the General Electric Co. and the Westinghouse Electric & 
Mfg. Co. courses. September 29. Attendance 34. 


College of the City of New York 


Inspection trip to Schenectady Works, General Electrie Co. 
September 16, 17, and 18. Attendance 12. 
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Business Meeting. Discussion of programs for this term. 
Discussion of preparation of papers, one of which will be 
presented at the 1929 New York Section Student Branch 
Convention. October 4. Attendance 23. 


University of North Carolina 


Prof. P. H. Daggett, Prof. J. E. Lear and Mr. T. B. Smiley of the 
faculty gave talks for the benefit of new members of the 
Branch. A tour of inspection was made to the various 
laboratories, and refreshments were served. Committee 
appointed to consider proposed by-laws. September 28. 
Attendance 31. 


University of North Dakota 
Still film shown and description given by Arnold Niehus. 


cussion of plans for the year. 
October 4. Attendance 16. 


Ohio Northern University 


Smoker. Talks by Prof. I. S. Campbell, Counselor, and Pro- 
fessors Webb, Elbin, Aleroft, Whitted and Fairchild, Dr. 
Smull and Dean Needy. Refreshments served. September 
27. Attendance 45. 


University of Oklahoma 


Business Meeting. The following officers were elected: Chair- 
man, Charles Ittner; Secretary, LeRoy Moffett, Jr. May 22. 
Attendance 10. 


Summer Experiences Installing PBX Switchboards, by L. R. 
Moffett, Jr.; 


Summer Experiences with the Southwestern Bell Telephone Co., by 
Wallace Fullerton, and 


A tnp Around the World, by Mr. Edwards. Prof. F. G. Tappan, 

ounselor, gave a talk on the value of the A. I. E. E. to 

electrical engineering students. Professors Bullen and 

D ngu gave short talks. Refreshments were served. 
Oetober 11. Attendance 32. 


Pennsylvania State College 


Cider-Feed and Smoker. Members of the faeulty gave short 
talks and Chairman Bair extended an invitation to new men 
to join the Student Branch. October 3. Attendance 167. 


University of Pittsburgh 


Business Meeti The following officers were elected: Chair- 
man, J. B. Luck; Vice-Chairman, K. A. Taylor; Seeretary- 
Treasurer, J. G. Hoop. September 28. Attendance 34. 


Men in Industry, by E. S. McClelland, Personnel Manager, 

Westinghouse Electric & Mfg. Co. October5. Attendance 68. 
Rensselaer Polytechnic Institute 

The Manufacture of Steel, by G. E. Thackray, C. E., '78 Rens- 
selaer, Consulting Engineer, Bethlehem Steel Co. Joint 
meeting of local branches of A. S. C. E., A. S. M. E. A. I. 
Ch. E. and A. I. E. E. October 10. Attendance 300. 

Rhode Island State College 

Professor Wm. Anderson, Counselor, spoke on the advantages of 
A. I. E. E. membership. He suggested that a paper be pre- 
pared for the Student Convention and that the Branch plan 
an exhibition or open house for next spring. The following 


Dis- 
Appointment of committees. 


elections took place: President, F. E. Caulfield; Vice- : 


President, T. H. Lloyd; Senior member, Program Committee, 
R. V. P. Cahill. September 26. Attendance 14. 


Professor Wm. Anderson gave a talk on “My Visit to Schenec- 
tady,” in which he described developments witnessed during 
five weeks at the General Electric Company's factory. 
Oetober 3. Attendance 23. 


Manufacture of Vacuum Tubes, by Nicholas Abbenante, student; 
The Lighthouse Service, by C. F. Easterbrooks, student, and 


Marine Radio Traffic, by A. Z.Smith. October 10. Attendance 13. 
Rutgers University 
Facsimile Photo-Radio Transmission, by Henry Shore, Radio 
Corporation of America. Prof. Paul S. Creager nominated 
for Counselor. October 8. Attendance 25. 


University of Santa Clara 


Business Meeting. Plans for securing speakers and programs for 
meetings were discussed. The following officers were 
elected: Chairman, J. L. Quinn; Vice-Chairman, Geo. 
Gabel; Seeretary-Treasurer, T. L. Selna. August 22. 
Attendance 17. 

Doings at the A. I. E. E. Convention held at Spokane, by J. L. 
Quinn, Chairman, A. I. E. E. Branch. Joint meeting 
A. I. E. E. Branch and Santa Clara Engineering Society. 
September 25. Attendance 93. 


Business Meeting. Enrolment of new members discussed. 
Chairman Quinn have additional details of the papers 
delivered at the Pacifie Coast Convention at Spokane. 
October 3. Attendance 10. 
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University of South Carolina 


Organization Meeting. Meetings and Papers, Publicity and 
Membership Committees were appointed. Professor T. F. 
Ball, Counselor, made announcements regarding the 
Regional Meeting to be held in Atlanta. October 9. 
Attendance 14. 


University of South Dakota 


Business Meeting. Decision made that meetings of Branch will 
be held at 4:30 o’clock on Monday of every second week. 
Next meeting to consist of the narration of the summer 
experiences of those present. September 26. Attendance 14. 


Talks on summer experiences by several students. Plans for the 
homecoming ‘‘Dakota Day” were discussed. October 8. 
Attendance 14. 


University of Southern California 


Business Meeting. The following officers were elected: Chair- 
man, David Stanfield; Vice-Chairman, Lumir Slezak; 
Secretary, Arthur Cutts; Treasurer, Donald Howard. 
Robert Goode and Zoeth Cummings elected representatives 
on the Engineer’s Council. May 17. 


Advantages and Purposes of the A. I. E. E., by H. L. Caldwell, 
Bureau of Power and Light of the IY of Los Angeles, and 
Chairman, Los Angeles Seetion, A. I. E. E. Dean P. S. 
Biegler, Counselor, spoke briefly of the plans for the new 
College of Engineering at the University. Membership 
Committee appointed to &ttempt to inerease the number of 
enrolled Students in the Branch. Committee appointed 
to take charge of student papers and research work. An- 
nouncements concerning field trips and plans for future 
meetings. September 27. Attendance 35. 


Syracuse University 


Business Meeting. Two students selected to give papers at 
next meeting. Prof. C. W. Henderson, Counselor, gave a 
talk on the Institute and some of its early activities. Elec- 
tion of officers. October 2. Attendance 20. 


Supervisory Control, by Mr. Allen, student, and 


Statistical Data of the Power Industry, by Mr. App, student. 
October 9. Attendance 22. 


Texas A. & M. College 


Two talks on the aims and purposes of the Student Branches of 
the A. I. E. E. and plans for the coming year. October 5. 
Attendance 110. 


University of Texas 


Prof. J. A. Correll, Counselor, gave a talk on the history and 
purposes of the A. I. E. E. September 27. Attendance 12. 


Virginia Polytechnic Institute 


Organization and Functions of the Branch, by Prof. Claudius Lee, 
pres Election of officers. September 26. Atten- 
ance 35. 


Washington State College 


Talk by Prof. R. D. Sloan, Counselor, on the relation of the 
Student Branches to the national society. The following 
officers were elected: President, J. B. Danielson; Secretary, 
L. H. Wollenberg; Treasurer, Lawrence Koehler. October 
3. Attendance 25. 

West Virginia University 


Business Meeting. Program Committee eppuunied: The fol- 
lowing officers were elected: President, C. C. Coulter; Vice- 
President, I. F. Vannoy. September 24. Attendance 30. 


Creosoted Wood Cable Conduits, by J. K. Gwinn and H. V. 
DeJounett; Transformers and Transformer Oils, by M. C. 
Clark; Outside Plant Engineering, by Ivan Vannoy; Effects 
of Corona in Various Gases on Insulation and Losses, by 
F. H. Backus; Electric-Arc Welding, by W. S. Bosley; 
Conowingo Dam Project, by C. C. Coulter; Gasoline- Electric 
Buses, by G Bumer. Crities were: M. S. Diaz and 
P. E. Davis. October 1. Attendance 28. 


Oil Dehydration, by P. E. Davis; Rust Prevention in Iron and 
Steel, bv Earl Milan; Improvements in the Turbo-Generator, 
by R. H. Pell; Electrical Equipment in the Holland Tunnel, 
by T. D. Nixon; First Aid to the Injured, by Albert Izzo; 
Constant Current Generators, by W. S. MeDaniel; Viceroy 
of India, by R. N. Kirchner; Electric Recorder, by S. N. 
Giddings. October8. Attendance 30. 


University of Wyoming 
Different School Organizations and Their Relation in Every Day 
Life, by Dean Rhoades, Engineering School. Prof. G. H. 
Sechrist, Counselor, gave a brief talk on the value of being 
an enrolled Student of the A. I. E. E. and being a member 
after graduation. October 9. Attendance 15. 
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Engineering Societies Library 
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The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
Ii contains 150,000 volumes and pamphlets and receiwes currently 


most of the important periodicals in its field. It is housed in the Engineering Societies Building, 29 West Thirty- 


ninth St., New York. 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, comes or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, 18 charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 5 p. m. 


BOOK NOTICES, Sept., 1-30, 1928 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume re- 
sponsibility for any statement made; these are taken from the 
preface or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 

APPAREILS ET METHODES DE Mesures MECANIQUES. 

By Jules Raibaud. Paris, Armand Colin, 1928. 215 pp., 
7xdin., paper. 9 fr. 

A concise description of the methods and apparatus used for 
measuring the basic quantities of experimental mechanies— 
time, speed, acceleration, mass, foree, work and pressure. The 
text is concise and critical. It brings to experimenters in scientific 
laboratories material that usually must be collected from many 
different works. 


AUFBAU UND ENTWICKLUNGSMOGLICHKEITEN DER ÉUROPAISCHEN 
ELEKTRIZITATSWIRTSCHAFT. 
By Munchen, R. Oldenbourg, 1928. 511 pp., illus., diagrs,, 
maps, tables, 10 x 7 in., cloth. Price 20 r. m. 


A detailed economie study of the development and future possi- 
bilities of electric power generation in Europe. The condition 
of the industry in Germany is covered with great thoroughness 
and the more important developments in other countries are 
described. Financial statisties are given for all the important 
European electrical undertakings. The book will be of great 
value to those in need of financial and engineering statistics. 


CoLLOID CHEMISTRY. 
By The Svedberg. 2d edition. N. Y., Chemical Catalog 


Co., 1928. (American Chemical Society. Monograph series). 
302 pp., illus., diagrs., tables, 9 x 6 in., cloth. $5.50. 


In 1923 Professor Svedberg gave a series of lectures at the 
University of Wisconsin in which he presented a general survey 
of colloid chemistry, with special attention to recent develop- 
ments in technique. These lectures form the basis of this book, 
which now appears in a revised and enlarged edition. 


The new issue includes accounts of recent advances. More 
space is given to the results of X-ray analysis, to methods of 
ultramicroscopy and other improvements in technique, particu- 
larly those developed by the author and his coworkers. 


COLLOID CHEMISTRY OF THE RUBBER INDUSTRY. * 

By E. A. Hauser. Lond. & N. Y., Oxford University Press, 
1928. 55 pp., illus., 10 x 6 in., boards. $1.50. (Gift of Amer. 
Branch). 


Contains the first series of Gow lectures on the eolloid ehem- 
istry of the rubber industry, delivered at University College, 
London, in 1927. Dr. Hauser provides a brief survey of the 
work already done in this field and indicates the directions in 
which further work is desirable. He explains the methods of 
investigation which have been used successfully and suggests 
methods and means of experimentation which may lead to 
further knowledge. 


Cours D’ AERONAUTIQUE. 
By Emile Leroux. Paris, Ch. Béranger, 1927. 
diagrs., tables, 10 x 6 in., paper. 56 fr. 


Aeronautics is here presented as taught in the School of 
Applied Marine Engineering in France. The author, an engi- 
neer 1n the aeronautie eorps, has eombined in one volume the 
important data upon all branches of the subjeet and produced 
a most satisfactory text. The book is intended for engineers 
already well grounded in general engineering. 

DETERMINATION OF MINERALS UNDER THE MICROSCOPE. 

By John W. Evans. Lond., Thomas Murby & Co., 1928. 
110 pp., illus., diagrs., 8 x 5 in., cloth. 7/6. 

The purpose of this book is to assist students to realize the 
principles on which the optical study of minerals rests without 
the use of advanced mathematics. It discusses in considerable 
detail the petrological microscope and its accessories, the methods 
used in identifying erystals with its aid, and the optical theory 
involved. 


Evectric Circuirs, THEORY AND APPLICATIONS, V. 1; Short- 
Circuit Calculations and Steady-state Theory. 
By O. G. C. Dahl. N. Y., MeGraw-Hill Book Co., 1928. 
390 pp., diagrs., tables, 9 x 6 in., eloth. $5.00. 


_ The purpose of this book is to present the engineering aspects of 
circuit theory and to provide the methods and tools required 
for the analysis of modern power-circuit problems. "The theory 
is presented in the language of the engineer and from his point 
of view. Numerous illustrative examples, based on aetual data, 
are worked out in the text. 

ELEMENTS OF ALTERNATING CURRENTS AND ALTERNATING- 
CURRENT APPARATUS. 

By J. L. Beaver. 2d edition. N. Y., Longmans, Green & 
Co., 1928. 393 pp., illus., diagrs., 10x 7 in., cloth. $4.00. 

A text-book of college grade, intended for beginners in the 
subject and planned for sixty-hour to ninety-hour courses. The 
large number of questions and problems is a feature of the work. 
The new edition has been largely rewritten and various topics 
have been treated more fully. 

ELLIPTISCHE FUNKTIONEN. 

By R. König and M. Krafft. Berlin, Walter de Gruyter & 
Co., 1928. 263 pp., 10x7 in., paper. 13.-r. m. 

A very satisfactory introduction to elliptical functions. The 
authors have not attempted a compendious treatment but have 
produced a text-book which begins with the simplest analytical 
functions and proceeds, step by step to the most complex. The 
treatment develops the subject systematically and organically, 
and the book equips the student for understanding the classic 
works in this field. 

EVOLVENTENVERZAHNUNG. 

By Hans Friedrich. Berlin, Julius Springer, 1928. (Theo- 
retische untersuchungen für maschinenbau u. bearbeitung, 
heft 1). 77 pp., diagrs., tables, 10 x 7 in., paper. 7.-r. m. 

A theoretical and practical treatise on involute gears. The 
aim is to present clearly and simply the basic principles that 


382 pp., 
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underly the development of involute tooth profiles and the best 
methods of cutting involute gears. Among the subjects dis- 
cussed are the limiting conditions for tooth surfaces, the laying- 
out and cutting of gears, spur and bevel gears, and helical gears. 


FRANZOSISCHER SPRACHFUHRER FUR DEN 
VERKEHR. 
By Albert Lang. Berlin, Weidmannsche Buchhandlung, 
1928. 120 pp., 9 x 6 in., cloth. 9.—r. m. 
With the rapid extension of international telephony, the 
language difficulty becomes increasingly troublesome. The 
author of this work endeavors to facilitate telephony between 


Germany and France by this dictionary of French and German 
terms. 


The first section contains about 550 phrases arranged accord- 
ing to the divisions of telephone service. The second section is a 
dictionary of French and German technical words, containing 
all those ordinarily used in telephony. 


Dip GALVANOTECHNISCHEN BADER. 


By Alfred Wogrinz. Berlin, M. Krayn, 1928. 
tables, 10 x 7 in., paper. 9.-r. m. 

This small book contains selected methods for analyzing and 
testing the various materials and baths used by electroplaters, 
together with a collection of physical and chemical data used by 
them. The work is intended to supplement standard tests on 
electroplating. 


The methods are given in detail and are accompanied by useful 
comments based on the author’s practical experience. 
GASFERNVERSORGUNG WESTSACHSENS. 

By L. Litinsky. Lpz., Kreishauptmannschaft. Leipzig, 
Landesplanung Westsachen, 1928. 31 pp., maps, 9 x 6 in., 
paper. 1,50r.m. (For sale by the Author, Lpz., 027, Thiemstr. 
6). ! 

This pamphlet presents a plan for consolidating the gas works 


of Saxony into a single system whieh will supply gas to the entire 
country. 


FERNSPRECHWEIT- 


121 pp., 


GESCHICHTLICHE EINZELDARSTELLUNGEN AUS DER ELEKTRO- 
TECHNIK, vol. 1. 
By Elektrotechnischer Verein. Berlin, Julius Springer, 1928. 
98 pp., illus., ports., 10 x 6 in., paper. 6.-r. m. 


The Electrotechnischer Verein inaugurates with this work a 
series of publications devoted to the history of electrical engi- 
neering. Each publication is to deal with some special topic. 


This first number treats of transformers and meters. The 
first article, by L. Schuler, traces the evolution of the trans- 
former from the work of Faraday and Henry on induction down 
to the twentieth century. This is followed by the classic papers 
of Gisbert Kapp and Dolivo-Dobrowolsky on transformer theory. 
The final article is a history of electricity meters by W. Stumpner. 


HANDBUCH DER LANDMASCHINENTECHNIK, V. 1, pt. 1. 
By Georg Kühne. Berlin, Julius Springer, 1928. 
illus., 11 x 8 in., paper. 18.-r. m. 


Previous books on argieultural machinery have been largely 
deseriptive and economie. Much has been written on the 
machines developed by various manufacturers, and on the value 
of machinery in farming, but no comprehensive book has ap- 
peared in which the design and construction of farm machinery 
are treated from the point of view of the mechanical engineer. 


The present book is the first quarter of a work intended to fill 
this gap in the literature. It is devoted to machines for working 
the soil by animal power or by rope-drive. It discusses plows, 
harrows, cultivators, ete., paving special attention to the strue- 
tural requirements of the various parts, the most suitable 
materials, and proper design. 


INTRODUCTION TO MoDERN Puysics. 
By F. K. Riehtmyer. N. Y., McGraw-Hill Book Co., 1928. 
596 pp., ports., tables, 9 x 6 in., cloth. $5.00. 


A discussion of the origin,development and present status of 
some of the more important classical and modern concepts of 
physics, intended to give a correct perspective of the growth 
and present trend of the science as a whole. This perspective 
is necessary, the author feels, as the basis for intensive study of 
any subdivision of the subject. 


The text first gives a historical review of physies up to 1890, 
which date is taken as the beginning of the modern period. The 
remainder of the book pays attention particularly to the two 
great problems of today; the reconciliation of the wave theory 
of light with the quantum theory, and the structure of matter. 


132 pp., 
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KRAFTWERKSBAUTEN. 


By Siemens-Sehuekertwerke. Berlin, V. D. I. Verlag, 1928. 
101 pp., illus., 12 x 9 in., bound. 5.-r. m. 

A collection of photographs and plans of modern steam-electric 
and hydroelectric power plants and transformer stations de- 
signed by the Siemens-Schuckert firm. Among them are the 
Fortuna II at e the Leverkusen, the Unterweser, the 
Shannon River and the Tocopilla (Chile) plants. 


LUFTFAHRTFORSCHUNG. Band 1, heft 1-4; Band 2, heft 1-4. 
Jan.-Aug., 1928. Munich, R. Oldenbourg, 1928. Illus., 
diagrs., 12 x 8 in., paper. Various prices, 3,40 r.m. to 
6., r. m. each heft. 


The Wissenschaftliche Gesellschaft für Luftfahrt has begun the 
publieation of this new periodieal which will appear at irregular 
intervals. It will bring together in convenient form reports on 
the research work done at the Deutsche Versuchsanstalt fur 


. Luftfahrt, the Aerodynamische Versuchsanstalt at Gottingen, 


the Aerodynamische Institut of the Aachen Technical High 
School, and other centers of research. 


The first number reports investigations upon vibration in 
aerofoils and upon towing tests on floats. umber two de- 
scribes extensive tests of an aluminum-copper-silicon alloy, lautal, 
to determine its value as a material for aircraft. Number three 
reports on the heat treatment of magnesium alloys, on mechani- 
eal tests of light-metal tubes, and on & new rope connection. 
The fourth number contains papers on radio and electrical 
problems. 


The remaining numbers diseuss equally important matters. 
The series will be important to every one interested in the design 
and eonstruetion of aireraft, and to metallurgists and mechanical 
engineers generally. 

MANUAL OF SURVEYING FOR FIELD AND OFFICE. 

By Raymond E. Davis. 2d edition. N. Y., McGraw-Hill 
Book Co., 1928. 401 pp., plates, diagrs., tables, 7 x 4 in., 
fabrikoid. $3.00. 


This manual is intended to teach the practise of surveying to 
students versed in its theory, and also as & text for short ele- 
mentary courses such as are given to students of mechanical 
and electrical engineering. It aims to teach proper methods of 
using instruments, making surveys, computing, and mapping. 
The directions given are clear and detailed. The book is small 
enough to fit the pocket easily. 

MATHEMATISCHE STROMUNGSLEHRE. 

By Wilhelm Miller. Berlin, Julius Springer, 1928. 239 pp., 

lOx7in. paper. 18.-r. m. 


This treatise on the motion of fluids is based on the author's 
lectures, at the Hannover Technical High School, to students of 
mathematies, technical physies, and aviation. It occupies a 
middle ground between the purely systematic and the essentially 
technical treatment of the subject. 

The first portion of the book develops mathematically the 
theory and the mathematical formulas. The second portion 
directs attention to practical calculations of the forces on rotating 
cylinders, the theory of aerofoils and propellers, and the flow in 
turbines. 

Les MESURES DE TEMPERATURES COURANTES. 

By William Dériaz. Paris, Ch. Béranger, 1927. 
7x 5in., paper. 13 fr. 

Explains the principles of industrial thermometry, describes 
the various thermometers used and the seales employed, and 
discusses possible errors in the measurement of temperatures 
under industrial conditions, with the methods by which these 
errors may be eliminated or measured. 

MINERALOGY. 

By Edward Henry Kraus and Walter Fred Hunt. 2d edition. 
N. Y., MeGraw-Hill Book Co., 1928. 604 pp., illus., 9 x 6 in., 
eloth. $3.00. 

An attractive textbook, distinguished by fine photographs of 
erystals and minerals, and of prominent mineralogists. The 
authors have aimed to cover the essentials of crystallography 
and descriptive and determinative mineralogy in one volume 
which will serve the needs of the average student. 

The new edition is revised throughout. Many new illustra- 
tions have been added and there is a new chapter on erystal 
strueture and X-ray analysis. 

PnacricaAL HypRAULICS; a Series of Rules and Tables. 

By Thomas Box. 17th edition. Lond., E. & F. N. Spon, 

1928. 112 pp., illus., tables, 8x 5 in., cloth. 6s. 


148 pp., 
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This new edition has been revised and reset, and additional 
tables added. The rules cover the ordinary hydraulic problems 
in practise, and the formulas are simple arithmetical ones. 


Practica RaDio. 

By James A. Moyer and John F. Wostrel. 3rd edition. 
N. Y., MeGraw-Hill Book Co., 1928. 378 pp., illus., diagrs., 
8x 5in., cloth. $2.50. 


Improvement in radio apparatus during the last two years has 
made it necessary to revise this popular textbook. It explains 
the construction of radio receiving sets and the theory underlying 
them, discusses their selection, operation and testing, and gives 
directions for building a few popular types. Beginners will find 
this book a good introduction to the subject. 

RATIONAL MECHANICS. l 

By Richard De Villamil. Lond., E. & F. N. Spon; N. Y., 
Spon & Chamberlain, 1928. 214 pp., 9 x 6 in., cloth. 10/6. 

Colonel de Villamil discusses a number of fundamental diff- 
culties in the theory of mechanics, as taught today. Many 
theories now accepted are irrational, in his opinion, and for these 
he offers substitutes. His book is directed to engineers, rather 
than mathematicians, and is intended to stimulate independent 
thinking upon basic problems. 

Tue Sripe Rute. 

By G. A. Gunn. Lond., E. & F. Spon, 1928. 
cloth. 2s. 

This little work explains briefly and practically the use of the 
ordinary slide rule for multiplying and dividing, and for obtaining 
squares and square roots. It also gives directions for working 
out cubes and cube roots, and for trigonometrical calculations 
with the System Rietz slide rule. 

STANDARDS AND STANDARDIZATION. 
By Norman F. Harriman. N. Y., MeGraw-Hill Book Co., 


1928. 265 pp., illus.,9 x 6 in., cloth. $3.00. 


40 pp., 7x 4in., 
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Considers such matters as the evolution of standards and their 
applieation in industry, the derivation of units, the purpose of 
standards, the advantage of standardization, methods of stand- 
ardizing, and national standardizing bodies and laboratories. 
These and other topics are discussed in a broad manner, with 
particular reference to their importance in manufacturing. 


TRANSFORMER CONSTRUCTION AND OPERATION. 


By Emerson G. Reed. N. Y., McGraw-Hill Book Co., 1928. 
227 pp., illus., diagrs., tables, 9 x 6 in., cloth. $3.00. 

This book. based on lessons used in the classes of the Westing- 
house Eleetrie and Manufaeturing Company, is intended pri- 
marily for practical electrical workers. Attention is directed to 
present practice in construction and operation, which are dis- 
cussed thoroughly in detail. Mathematics is avoided, as is 

esign. 


UBER DIE FEsTIGKEIT EINWANDIGER KEGELIGER KOLBEN. 

By Herman Tellers. (Forschungsarbeiten auf dem gebiete des 
Ingenieurwesens, heft 305.) Ber., V. D. I. Verlag, 1928. 30pp., 
diagrs., tables, 12 x 9 in., paper. 4,50 r. m. 


A detailed theoretical and experimental study of the stresses 
in conical pistons, such as are used especially in marine and 
rolling-mill engines. The author develops a method by which 
the stress at any point may be determined, and gives a critical 
report on the methods used in the past. 


DER WARME—UND KALTESCHUTZ IN DER INDUSTRIE. 
By J.S. Cammerer. Berlin, Julius Springer, 1928. 276 pp., 
diagrs., tables, 9 x 6 in., cloth. 21,50 r. m. 


This treatise on heat insulation is intended to meet the praeti- 
eal needs of refrigerating engineers. The author brings together 
the known scientific facts of importance and from them develops a 
simple method of ealeulation suitable for praetieal purposes. A 
large part of the data are presented in tables and diagrams. 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 


ing with the Western Society of Engineers. 


The service 1s available only to their membership, and is maintained as a 


cooperative bureau by contributions from the societies and their individual members who are directly benefited. 
O ffices:—31 West 39th St., New York, N. Y.,—W. V. Brown, Manager. 
1216 Engineering Bldg., 205 W. Wacker Drive, Chicago, Lll., A. K. Krauser, Manager. 
57 Post St., San Francisco, Calif., N. D. Cook, Manager. 
MEN AVAILABLE.— Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 


period of three months and are renewable upon request. 


Names and records will remain in the active files of the bureau for a 


Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 15th day 


of the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 


members of the Societies concerned at a subscription of $3 per quarter, or $10 per annum, payable in advance. 


Posi- 


tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 
VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 


invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year's salary: temporary positions (of one month or less) 
three per cent of total salary received. The income contributed by the members, together with the finances appropriated 
by the four societies named above will it is hoped, be su ficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
to the Employment Service as above. Replies received by the bureau afler the positions to which they refer have been 


filled will not be forwarded. 


POSITIONS OPEN 


ELECTRICAL-MECHANICAL ENGINEER 
with experience in manufacture of high-tension 
underground and overhead equipment; oil switch 
experience particularly desirable: good knowledge 
of modern shop practise and ability to coordinate 
designing and manufacturing essential. Salary 
$4800 a year. Apply by letter. Location, 
Middle west. X-537-C. 

DISTRIBUTION ENGINEERS, 28-36, for 
work in Latin American countries. Must be 
thoroughly experienced in the design, construction 
and operation of overhead distribution systems. 
Must speak Spanish fluently. Single man pre- 
ferred. Apply by letter. X-6027. 

MECHANICAL ENGINEER, 20 to 30 years 
old. preferably one or two years graduate work. 
Testing, investigations and reports. Steam gen- 


erating plant or public utility in Eastern city. 
Apply by letter. X-6259. 


MEN AVAILABLE 


ELECTRICAL ENGINEER, 43, married, 
graduate Purdue University. General Electric 
test, laboratory research on auto and train equip- 
ment, broad experience in a-c. and d-c. motor 
design. Six years in charge of a-c. motor design. 
Available at once. C-5065. 

ELECTRICAL ENGINEER, 30, single. Tech- 
nical University graduate, broad experience in 
design, construction, transmission, distribution 
and investigation work on cables. Desires con- 
nection with public utility or manufacturing 
concern. Available immediately. Location pre- 
ferred. United States or Europe. C-5098. 

TECHNICAL GRADUATE in electricity, also 
power plant design; experienced in meters, distri- 


bution wiring, application of light and power, 
water power and semi-Diesel, construction of 
small plant and all types of maintenance. Prefer 
design, construction or maintenance. At present 
in business, will go anywhere. B-9007. 

APPRAISAL ENGINEER, EXPERT; gradu- 
ate electrical engineer. Ten years’ experience 
compiling detail cost analyses, construction 
estimates, inventories and valuations of plants 
and equipment owned by electric and gas public 
utilities for bankers reports, classified accounting 
systems, continuous physical property records, 
rate and capitalization cases. Formerly with 
New York State Public Service Commission. 
B-9636. 

RAILWAY SIGNAL ENGINEER, graduate 
E. E., 27, single, good health. Five years’ 
experience in railway signaling; three years in 
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Spain, speaks and writes German, Spanish and 
French; desires permanent position with large 
manufacturing or railway concern. Available 
on two weeks’ notice. C-5056. 

ELECTRICAL ENGINEER, 33, graduate, 
10 years’ utility experience, desires position as 
assistant executive or department head. Besides 
general experience, has had considerable distribu- 
tion work in both power and traction companies. 
Now employed. Available reasonable notice. 
Location, United States, West preferred. C-5091. 

ELECTRICAL ENGINEER, 25, single, gradu- 
ate, B. S. degree; long enough out of college to 
have become pretty well seasoned, desires a 
position with an engineering organization, manu- 
facturing or utility company that needs a young 
technical man who is earnest and ambitious to the 
extent of filling executive opening or work leading 
to such. Location, immaterial, East preferred. 
C-5063. 

ELECTRICAL ENGINEER, married, 30, 
best of reverences. Seven years’ distribution 
and operating experience, desires connection as 
distribution or plant engineer with operating 
company in south or southwest. C-4734. 

ELECTRICAL ENGINEERING GRADU- 
ATE with four years’ practical experience, avail- 
able for technical work to be performed at home. 
Calculation and tracing a specialty. Location, 
New York City. C-3593. 

ELECTRICAL ENGINEER, 24, married, 
B. S. 1928, desires opportunity in the electrical 
field, radio, research; New York or near by; 
salary secondary; speaks English, French and 
German. C-5084. 

ELECTRICAL ENGINEER, having eight 
years’ practical experience on transmission, dis- 
tribution, testing and sales work is desirous of a 
connection with progressive concern. Willing 
to accept position in Europe. B-7412. 

ELECTRICAL AND MECHANICAL ENGI- 
NEER, 42, married. Technical University gradu- 
ate. Sixteen years of practical experience in the 
design, test and operation of a-c. and d-c. motors, 
generators; relays, contactors and control 
apparatus, switch board panels. Elevator con- 
struction, hoisting equipment and installations. 


2)miminiuiunimimiuc 


APPLICATIONS FOR TRANSFER 


At its meeting held October 3, 1928, the 
Board of Examiners, recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the National Secretary. 


To Grade of Member 


ADAMS, JOHN HB, Switchgear Specialist, 
Allis-Chalmers Mfg. Co., New York, N. Y. 

APPLEGATE, LINDSAY M., Electrical Engi- 
neer, City Engineers Dept., Seattle, Wash. 

ARIAS, BERNARDO E., Supt. of Electrical and 
Telegraph Dept., National Railways of 
Mexico, Mexico, D. F. 

ARNOLD, BENJAMIN H., Director, Engg. 
Service Dept., Victor X-Ray Corp., Chicago, 
Ill. 

BANGRATZ, ERNEST G., Instructor in Elec. 
Engg., Mass. Inst. of Tech., Cambridge, 
Mass. 

CROSS, HARRY, Equipment Engineer, Mexican 
Tel. & Tel. Co., Mexico, D. F. 

DAWSON, EDWARD B., Section Engineer, 
Westinghouse Elec. & Mfg. Co., East Pitts- 
burgh, Pa. 

DEARMIN,HARRY M., Supervising Draftsman 
(Designer), Pacific Gas & Elec. Co., San 
Francisco, Calif. 

DOWNER, CHARLES B., Supervisor, Distri- 
bution Specifications, West Penn Power Co., 
Pittsburgh, Pa. 


INSTITUTE AND RELATED ACTIVITIES 


Development and production work. Location, 
preferably East. B-5240. 

ELECTRICAL ENGINEER, married, no 
family, Protestant; as executive and designer 
with thirteen years' experience on the design and 
erection of steam power plants; 13.2 kv., 66 kv. 
and 110 kv. Knowledge of Spanish. No prefer- 
ence as to location. B-9504. 

ELECTRICAL DRAFTSMAN, 28, married. 
Graduate Electrical Engineer, desires position 
with industrial concern. Three and one-half 
years’ electrical shop experience and four years as 
draftsman with a manufacturing company. 
Available immediately. Location, East. C-1310. 

ELECTRICAL GRADUATE, 1926, 25, single, 
American parentage. Six mofths’ experience in 
substation construction, outdoor and indoor 
types; five months in relay and control work; 
six months in substation operation and past eight 
months in load dispatching with public utility. 
Also experience in interior wiring and concrete 
work. Location desired, South or Middle 
Atlantic States, Eastern United States. C-2122. 

GRADUATE ELECTRICAL ENGINEER, 
24, single. Four years’ electrical experience: 
two years design and construction of central and 
substations and one year electrolysis surveyor. 
For the past year engaged in the design and super- 
vision of construction of large automatic railway 
power distribution system; this work nearing 
completion. Location, immaterial, foreign pre- 
ferred. C-5151. 

ELECTRICAL ENGINEER, German and 
I.C. S. graduate, 30, American citizen. Eight 
years’ experience in relay work, automatic sub- 
stations, metering and installation tests. Will go 
anywhere. Two weeks' notice necessary. C-5154. 

ELECTRICAL ENGINEERING GRADU- 
ATE, 29, married. One and one-half years 
General Electrical Test, one and one-half years' 
design experience with large public utility holding 
company, desires position with operating com- 
pany, electric railway. or manufacturing organiza- 
tion. Location, immaterial. C-5145. 

LICENSED PROFESSIONAL ELECTRI- 
CAL ENGINEER, 37, married, 16 years’ broad 
experience in electrical design, construction and 
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FLEMING, G. A., Design Engineer, Southern 
California Edison Co., Los Angeles, Calif. 
GRAM, JOHN I. Asst. Meter Supervisor, 

Niagara Falls Operating Office, H. E. P. C. of 
Ontario, Ont., Canada. 
HARMONY, CHARLES A., Division Supt., 
Puget Sound Pr. & Lt. Co., Bothell, Wash. 
HESS, JOSEPH C., Shop Supt., Leeds & North- 
rup Co., Philadelphia, Pa. 
HOFMANN, A. CL., Chief Engineer and Partner, 
G. Rohland & Co., Berlin, Germany. 
MASON, ROGER, Asst. to Vice-President, 
Mackay Companies, New York, N. Y. 
McKEE, ROSCOE C., Asst. to Distribution 
Engineer, West Penn Power Co.,Pittsburgh'Pa. 
MOORE, RAYMOND P.. Mechanical Engineer, 
Buffalo General Elec. Co., Buffalo, N. Y. 
RATH, EDWIN R. Manager, Electricial 
Division, Philip Carey Co., Cincinnati, Ohio. 
ROBERTS, EUGENE A., Local Manager, South- 
western Public Service Co., Carlsbad, N. M. 
SCHOLZ, WILLIAM P., Asst. Engr., Inter- 
borough Rapid Transit Co., New York, N. Y. 
SLOAN, ROYAL D., Prof. of Elec. Engg.. and 
Vice Dean of Engg., State College of Wash- 
ington, Pullman, Wash. 
SMITH, BURKE. Transmission Engineer, Illi- 
nois Bell Telephone Co., Chicago, Ill. 
SPRAY, GEORGE C., Asst. Elec. Engr., West 
Penn Power Co., Pittsburgh, Pa. 
St. CLAIR, WARD K., Field Engineer, Bell 
Telephone Laboratories, Philadelphia, Pa. 


Journal A. I. E. E. 


operation of Power Stations, substations, lighting 
and power for industrial buildings; office and 
experience in appraisal work; desires a new con- 
nection with an engineering organization or public 
utility. B-5393. 


DISTRIBUTION ENGINEER, Graduate 
Electrical Engineer, 1923. General Electric 
Test; thoroughly familiar with design, construc- 
tion and operation of overhead distribution 
systems, 2300 to 13,200 volts; some experience 
with underground distribution. Capable of 
organizing and directing construction and main- 
tenance work and system of records. Now 
employed, available on reasonable notice. C-5155. 


GRADUATE ELECTRICAL ENGINEER, 
experienced on switching and associated problems. 
Design and layout of outdoor and indoor bus and 
breaker structures. Design, construction and 
installation switchboards; relaying experience. 
Will go anywhere on 30 days’ notice. Utility or 
manufacturing connection preferred. Salary de- 
pendent on possibilities for advancement, $200- 
$250 per month. C-4519. 


ELECTRICAL MECHANICAL ENGINEER, 
American, married, executive ability, with several 
years’ experience design, development of signal 
and automatic control systems, for power and 
industrial plants, radio equipment, ete. Now 
employed but will consider suitable, permanent 
opening with large company offering opportunity. 
Prefer Eastern location. B-2395. 

ELECTRICAL ENGINEER-DESIGNER, 30. 
single, three years college. Eight years’ experi- 
ence on substation and power station on design, 
layout and supervision of installation. Desires a 
position along engineering lines. C-5111. 

ELECTRICAL-MECHANICAL ENGINEER, 
31, married, American. Four years (pre-gradu- 
ation) electrical maintenance, steel mills. One 
year General Electric Test: two and one-half 
years Design Draftsman, public utility; one-half 
year instructor, electrical subjects, shop practise: 
one year assistant to electrical engineer, large 
industrial, operating own hydroelectric generating 
plants. Desires responsible position with indus- 
trial or public utility. C-2902. 


OCU LOG LU Le Gor 


WELLS, ARCHIBALD R., Meter Engineer, 
Hydro Electric Power Commission, Toronto, 
Ont., Canada. 

WILDER, LAURENCE R., Chairman, Ship- 
building Division, American Brown Boveri 
Elec. Corp., New York, N. Y. 

WILLIAMS, FRED M., General Installation 
Engineer, Western Electric Co., New York, 
N.Y. 

WILLIS, FREDERICK C., Electrical Apparatus 
Designer, Bell Telephone Laburatories, New 
York, N.Y. 

WILSON, ALBERT E. Asst. Elec. Engr.. 
Canadian & General Finance Co., Toronto, 
Ont., Canada. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a higher grade than Asso- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 
Secretary before November 30, 1928. 


Andree, C. A., University of Wisconsin. Madison, 
Wis. 

Arbuckle, W. B., Wagner Electric Corp.. Houston, 
Texas 


Nov. 1928 

Augustine, W. J., General Electric Co., Schenec- 
tady, N. Y. 

Barbour, F. S., New York Telephone Co., New 
York, N. Y. 

Batchelder, D. E., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Bidwell, C. H., Bell Telephone Laboratories, 


New York, N. Y. 

Bird, D. H., Cline Electric Mfg. Co., Chicago, Ill. 

Bliss, C. S., Bliss Electrical School, Takoma 
Park, D.C. 

Boyd, D. L., (Member), The Hoover Co., North 
Canton, Ohio 

Brown, J. G., Savannah Electric & Power Co., 
Savannah, Ga. 

Bruhlman, G., American Brown Boveri Electric 
Corp., Camden, N. J. 

Bruin, M. R., Southern Railway Co., Washington, 


D. C. 

Bucher, P. J., Duquesne Light Co., Pittsburgh, 
Pa. 

Campbell, W. M., Toledo Edison Co., Toledo, 
Ohio 


Cardwell, L. H., Dallas Power & Light Co., 
Dallas, Texas 
Conde, H. G., General Electric Co., New York, 


N.Y. 

Cook, K. N., Rollway Bearing Co., Syracuse, 
N.Y. 

Cooke, A. F., So. California Edison Co., Santa 
Barbara, Calif. 


(Applicant for re-election.) 

Crego, George William, Lake Superior District 
Power Co., Saxon, Wis. 

Darrin, R. M., General Electric Co., Buffalo, N. Y. 

Davis, C. L., (Member), John B. Brady, Wash- 
ington, D. C. 

Davis, F. E., Jr., Commonwealth Power Corp. 
of Michigan, Jackson, Mich. 

Derry, H. W., Pennsylvania Power & Light Co., 
Allentown, Pa. 

Dilingham, H. C., A. & M. College of Texas, 
College Station, Texas 

Driscoll, C. C., Commonwealth Power Corp. of 
Michigan, Jackson, Mich. 

Duetz, J. C., General Electric Co., Philadelphia, 
Pa. 

Dunstan, G. H., Tulane Univ., New Orleans, La. 

Ellenwood, W. E., Broadcast Station WKBQ, 
New York, N. Y. 

Flagg, W. E., Electrical Contracting & Engineer- 
ing. Wellesley and Boston, Mass. 

Goldsmith, S., Union Gas & Electric Co., Cin- 
cinnati, Ohio 

Hagemann, J. R., American Brown Boveri 
Electric Corp., Camden, N. J. 

Harbison, H. W., Kansas City Power & Light Co., 
Kansas City, Mo. 

Harris, F. T., United Eng. & Con. Co., Phila- 
delphia, Pa. 

Horne, W. H., Jr., Central Hudson Gas & Electric 
Corp., Newburgh, N. Y. 

Howard, A., General Electric Co., Schenectady, 


N. Y. 

Howe, H. S., General Electric Co., Schenectady, 
N.Y. 

Howell, K. L., Penn-Ohio Power & Light Co., 
Salem, Ohio 

Kean, A. J., Southwestern Bell Telephone Co., 
Dallas, Texas 

Kelley, K. C., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Kelly, H. R., General Electric Co., Schenectady, 
N.Y. 

Kuhn, O. G., 1350 Bushwick Ave., Brooklyn, 
N. Y. 

Lail, G. G. (Member), General Electric Co., 
Pittsburgh, Pa. 


Latta, M. G., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 


Marshall, S. W., Jr., Texas Power & Light Co., 


Dallas, Texas 

Martin, E. F., Illinois Bell Telephone Co., 
Chicago, Ill. 

Mather, W. L., Lynn Gas & Electric Co., Lynn, 
Mass. 


INSTITUTE AND RELATED ACTIVITIES 


Mayer, C. F., So. New England Telephone Co., 
New Haven, Conn. 


Mayer, C. H., Westinghouse Lamp Co., Bloom- 
field, N.J. 
Mcllvenny, J. E., Bessemer Limestone Co., 


Youngstown, Ohio 

McKenzie, D. J., Toronto Hydro-Electric System, 
Toronto, 2, Ont., Can. 

Meyer, F. R., So. New England Telephone Co., 
New Haven, Conn. 

Norton, F. L. W., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Olsson, O. G., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Owen, R. R. (Member), General Electric Co., 
Pittsburgh, Pa. 

Patten, I. A., Lynn Gas & Electric Co., Lynn, 
Mass. 

Pinkerton, R. R. (Member), Sanitary Dist. of 

* Chicago, Chicago, Ill. 

Pokorny, E. J., New York Telephone Co., Mt. 
Vernon, N. Y. 

Prichard, C. R. (Member), Lynn Gas & Elec. Co., 
Lynn, Mass. 

Reagan, J. E., C. E. Mountford, New York, N. Y. 

Redewill, A. C., General Electric Co., San Jose, 
Calif. 
(Applicant for re-election.) 

Roberts, J. M., Louisiana Polytechnic Institute, 
Ruston, La. 

Ross, M., New York Edison Co., New York, N. Y. 

Rupp, F. C., Staten Island Edison Co., Livingston, 
S. I, N.Y. 

Shaughnessy, L. J., Bell Telephone Company of 
Pennsylvania, Sharon, Pa. 

Soxman, G. M., Southwestern Bell Tel. 
Dallas, Texas 
(Applicant for re-election.) 

Stephenson, W. B., Southwestern Bell Tel. Co., 
St. Louis, Mo. 

Strain, J. R., Southern California Edison Co., 
Big Creek, Calif. 

Stratton, J. A. Massachusetts Institute of 
Technology, Cambridge, Mass. 

Sugioka, J. K., Brooklyn Edison Co., Brooklyn, 
N. Y. 

Swafford, J. D., Kansas City Power & Light Co., 
Kansas City, Mo. 

Thompson, W. C., Bureau of Power & Light, 
Los Angeles, Calif. 

Tinling, H. B., Tinling & Powoll, Spokane, Wash. 

Tudbury, J. L., Salem Electric Lighting Co., 
Salem, Mass. 

Waltz, R. B., F. R. Jennings Co., Detroit, Mich. 

Weber, A. N., Lynn Gas & Electric Co., Lynn, 
Mass. 

Webster, F. O., Southwestern Bell Telephone 
Co., Dallas, Texas 

White, B. T., Westinghouse Elec. & Mfg. Co., 


Co., 


Sharon, Pa. 
Wickman, G. E.. General Electric Co., Chicago, 
Ill. 


Wild, H. B., Hydro Electric Power Commission 
of Ontario, Toronto, Ont., Can. 
Wright, T. C., Otter Tail Power Co., Fergus 


Falls, Minn. 

Wylie, C. M., 2896 Valentine Ave., New York, 
N. Y. 

Young, D. S., Anaconda Copper Mining Co., 
Chicago, Ill. 

Zinser. H. J., Northwestern Mfg. Co., Milwaukee, 
Wis. 

Total 83. 

Foreign 

Francis, A., Ferguson, Pallin Ltd., Manchester, 
Eng. 

Palmer, F. G., Public Works Dept., Christchurch, 
N. Z. 


Reddy, J., Bergmann Elektrizitata Werke, A. G. 
Berlin, Germany 

Rushton, W. A., Electricity Distribution of North 
Wales & District Ltd., Gresford, North 
W ales 

Simpson, H. G.(Member), Municipal Electricity 
Dept., Colesberg, C. P., So. Africa 
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Skancke, R. S.( Member), Norwegian Institute 
of Tech., Trondhjem, Norway 
Total 6. 


STUDENTS ENROLLED 


Abbenante, Nicholas, Rhode Island State College 
Abbott, Harold F., McGill University 

Aceto, Edward, Rhode Island State College 

Allen, Harold F., Syracuse University 

App, Clarence G., Syracuse University 


Archer, Robert S., Mississippi Agri. & Mech. 
College 

Armstrong, Rollin S., Mississippi Agri. & Mech. 
College 


Arren, John F., University of New Hampshire 

Aucock, George W., Clarkson College of 
Technology 

Bagwell, L. Raymond, University of Texas 

Barrows, George E., Syracuse University 

Beatty, Fred B., Missouri School of Mines & 
Metallurgy 

Behm, J. Herbert, Syracuse University 

Behrens, Herman J., Jr., Mass. Inst. of Technology 

Beitman, Clarence R., University of Colorado 

Belayeff, Oleg I., Syracuse University 

Bell, John D., University of South Carolina 

Berggren, George E., New York University 

Biskeborn, Merle C., South Dakota State School 
of Mines 

Black, Clair L., Univ. of Southern California 

Black,Herbert M., University of South Carolina 

Boe, Marvin, South Dakota State School of Mines 

Boekhout, H. E., Engg. School of Milwaukee 

Bowers, Charles A., Jr., West Virginia University 

Boyd, William W., University of Florida 

Branch, Glenn R., Colorado State Agri. College 

Brewer, James L., University of Detroit 

Bricker, Luther C., Pennsylvania State College 

Bridegum, John E., Bucknell University 

Bryant, Everette D., Syracuse University 

Buckman, Wilmer D., South Dakota State School 


of Mines 

Burnham, Rollin M., South Dakota State School 
of Mines 

Cahill Raymond V. P., Rhode Island State 
College 


Cannon, Dale, Oregon State College 

Carpenter, Donald R., Clarkson College of Tech. 

Casavant, Frank C., Syracuse University 

Caulfleld, Frank, Rhode Island State College 

Chace, Alden B., University of Nevada 

Chapman, Jesse B., Mississippl Agri. & Mech. 
College 

Clark, Floyd H., Kansas State Agri. College 

Clark, M. Curtis, West Virginia University 

Coleman, Thomas J., Jr., Engineering School of 
Milwaukee 


Confer, Burton L., Lafayette College 

Cooper, Elston F., University of Maine 

Corrigan, J. Leslie, Northeastern University 

Coursen, William D., South Dakota State School 
of Mines 


Cowan, Edward L., Mississippi Agri. & Mech. 
College 


Cowan, Swaffield O., Univ. of South Carolina 

Coyle, William A., Jr., Clarkson College of Tech. 

Coyne, Russell D., University of Maine 

Cress, Earl E., Colorado State Agri. College 

Cutts, Arthur B., Univ. of Southern California 

David, James, University of Florida 

Dechovitz, Joseph, Georgia School of Technology 

Dempsey, Edward J., University of Notre Dame 

Deyoe, George, Jr., Syracuse University 

Di Sano, Joseph, Rhode Island State College 

Dobbins, Verl H., Kansas State Agri. College 

Donahue, John J., University of Notre Dame 

Donaldson, Max A., South Dakota State School 
of Mines 


Douros, John D., Pennsylvania State College 
Dudley, Kenneth R., University of Maine 
DuMont, Paul J., Newark College of Engineering 
Dunleavey, Frank S., Mass. Inst. of Technology 
Dupre, Andrew H., University of South Carolina 
Eargle, Wade E., University of South Carolina 
Ebersole, Christian K., Pennsylvania State College 
Eichholtz, Frank E., Pennsylvania State College 
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English, A. M., South Dakota State School of 
Mines 

Erickson, C. Philip, South Dakota State School of 
Mines 

Estey, Horace 8., University of Maine 

Fjeld, J. Martin, Montana State College 

Fleming, Oliver D., University of Tennessee 

Fleming, Tom L., University of Texas 

Frick, Charles H., University of South Carolina 

Fry, Francis, G., Kansas State Agri. College 

Fueyo, Elio, University of Florida 

Fuller, Willis, Albama Polytechnic Institute 

Gabel, George G., University of Santa Clara 

Gaither, Loren E., University of Colorado 

Gano, Alfred S., Lafayette College 

Gearhart, Willaim E., Pennsylvania State College 

Gerlach, Harold B., Rhode Island State College 

Gifford, Gerald R., South Dakota State School 
of Mines 

Gillanders, Donald C., Oregon State College 

Goldstein, Harold, Syracuse University 

Gonzalez, Juan J., Engineering School 
Milwaukee 

Goodling, George G., Pennsylvania State College 

Graf, Stephen J., University of South Dakota 

Grant, Floyd A., Clarkson College of Technology 

Greenman, Hollis R., Syracuse University 

Gregg. Neal H., Northeastern University 

Griffith, Leroy A., University of South Carolina 


of 


Grothe, Wesley E., Engineering School of 
Milwaukee 

Hagmann, Vern, South Dakota State School of 
Mines 


Haight, Reginald B., Oregon State College 
Hammett, Cecil E., Kansas State Agri. College 
Hansford, Edward M., West Virginia University 
Happel, J. Henry, Pennsylvania State College 
Hasenkamp, John F., University of Tennessee 
Heineman, Andrew F., Pennsylvania State College 
Heinlein J. Thad, University of Notre Dame 
Henrichson, W. T., University of Texas 
Henry, Kenneth T., Clarkson College of Tech. 
Hepburn, John W., Mass. Institute of Technology 
Hodson, Herbert O., South Dakota State School 
of Mines 


Hoffman, Albert E., South Dakota State School 
of Mines 


Hollingsworth, Lowell, Oregon State College 

Holt, Edward B., Jr., University of Maine 

Hough, James E., Syracuse University 

Hutchinson, Henry P., Brooklyn Polytechnic Inst. 

Idol, Loren E., Colorado State Agri. College 

Ivarson, Carl F., Jr., Engineering School of 
Milwaukee 


Jamison, Daniel B., University of Arkansas 
Jeffers, Charles L., University of Texas 
Jefferson, Wayne O., University of Florida 
Johnson, Enar, University of South Dakota 
Johnston, Clinton J., University of Minnesota 
Judkins, Arnold, Rhode Island State College 
Karick. Bert F.. University of South Carolina 
Karst, Kenneth A., Colorado State Agri. Colloge 
Kayuha, Joseph, West Virginia University 
Kenyon, Edward C., Rhode Island State College 
Kestle, Robert C., Purdue University 

Kimes, Wayne, Kansas State Agri. College 


INSTITUTE AND RELATED ACTIVITIES 


King, A. Clarence, South Dakota State School 
of Mines 
Kirchner, Ralph N., West Virginia University 
Koehler, Lawrence A., State Col. of Washington 
Koger, Glenn, Kansas State Agri. College 
Kohr, Charles A., Pennsylvania State College 
Lantz, John K., Lafayette College 
Latham, Everett, Clarkson College of Technology 
Lauth, Charles E., Pennsylvania State College 
Linders, John R., Lafayette College 
Lindon, Paul H., Colorado State Agri. College 
Lloyd, Thomas H., Rhode Island State College 
Lockard, John P., Pennsylvania State College 
Loibl, E. L., Engineering School of Milwaukee 
Lovinggood, Webster P., University of Tennessee 
Lucas, Frank H., Jr., University of South Carolina 
Lugg, Thomas L., Mississippi Agri. & Mech. 
College 
Lyons, Lewis, Northeastern University 
Marsh, Irving L., South Dakota State School 
of Mines 
Martin, Ab, University of Texas 
Mayer, Orland C., University of Idaho 
McCarter, Edward C., Univ. of Southern Calif. 
McCollum. Alden, University of Nevada 
McE!murry, Clarence A., Oregon State College 
McGinnis, Frederic D., West Virginia University 
McNeal, Bernard E., Colorado State Agri. College 
McNeil, Bruce T., Nova Scotia Technical College 
Meeker, Thomas R., University of Florida 
Mehle, Philip J., Colorado State Agri. College 
Meshevsky, David B., Missouri School of Mines & 
Metallurgy 
Meyer, Glenn H., Univ. of Southern California 
Milligan, Lester S., Northeastern University 
Morrison, Ralph F., University of Maine 
Mowry, Volney E., Colorado State Agri. College 
Murphy. Maxwell K., University of Maine 
Neeley, James D., Alabama Polytechnic Institute 
Nellis. Charles N., Jr., Syracuse University 
Neuenkirch, Albert. Engg. School of Milwaukee 
Newman, T. Baldwin, Jr., Univ. of Mississippi 
Nohr, Don P., Colorado State Agri. College 
Norall, Lee H., Engg. School of Milwaukee 
Norris, Carrol B., University of Texas 
Noxon, Paul A., Syracuse University 
Nudd, Philip, University of New Hampshire 
Oden, George E., Engg. School of Milwaukee 
Ott, William M., Syracuse University 
Otto, Forrest H., Engg. School of Milwaukee 
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NEW CATALOGUES AND OTHER PUBLICATIONS 


Mailed to interested readers by issuing companies 
Circuit Breakers.— Bulletin L 20371, 2 pp. Describes type 
CH carbon circuit breakers for automatic and semi-automatic 
substations. Westinghouse Electric & Manufacturing Company, 
East Pittsburgh, Penn. 


Illumination Data.—Catalog 375-F, 48 pp. Describes 
Holophane equipment for illumination. Applications covering 
numerous lighting problems are illustrated. 'The Holophane 
Company, Inc., 342 Madison Avenue, New York. 


Ohmmeters.— Bulletin 1200, 16 pp. Describes “Megger” 
and ''Meg" direct-reading ohmmeters designed for operation 
from an external source of direct current. James G. Biddle, 
1211 Arch Street, Philadelphia, Penn. 


Synchronous Condensers.—Bulletin 20369, 4 pp. De- 
scribes Westinghouse semi-enelosed and totally enclosed syn- 
ehronous condensers. Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Penn. 


Motors.—Bulletin 103, 8 pp. Describes type AA Reliance 
fully enclosed, fan-cooled, induction motors with ball bearings, 
for two and three-phase a-c. circuits. Reliance Electric & 
Engineering Co., Ivanhoe Road, Cleveland, Ohio. 


Novalux Electric Traffic Signals.— Bulletin GEA-566A, 
24 pp. Describes G-E Novalux traffic signals. Problems of 
traffic regulation are discussed and the application of signals 
for regulation is illustrated. General Electric Company, Sche- 
nectady, N. Y. 


Students’ Kelvin Bridge.—Bulletin 434, 8 pp. Describes 
the students’ Kelvin bridge, a convenient instrument for teaching 
the Kelvin bridge system for measuring low electrical resistances 
accurately. The Leeds & Northrup Company, 2901 Stenton 
Avenue, Philadelphia, Penn. 


Battery Chargers.— Bulletin TC-24 describes Balkite charg- 
ing equipment which is especially adapted for the charging of 
telephone batteries such as are used in connection with 
magneto switchboards, P. B. X. boards and small central office 
boards. The Fansteel Products Company, Inc., North Chicago, 
Ill. 


Instruments.— Bulletin AE-160, describes types GSA, 
HTA and ISA portable a-c. ammeters, milli-ammeters, volt- 
meters, volt-ammeters, wattmeters, frequency meters, power 
factor meters and transformers. Bulletin AE-400 describes 
types TD and FD, 314 in. and 4 in. panel type, d-c. ammeters, 
milli-ammeters, voltmeters, milli-voltmeters and volt-ammeters. 
The Roller-Smith Company, 12 Park Place, New York. 


NOTES OF THE INDUSTRY 


The Roller-Smith Company, 233 Broadway, New York, 
has announced the appointment of Wise & Braisted, General 
Motors Building, Detroit, as district sales agent in the state of 
Michigan, and Arthur H. Abbott, Inc., 88 Broad Street, Boston, 
as its agent for the New England territory. 

Increased Orders for G. E. Company.—Orders received 
by the General Electric Company for the three months ended 
September 30 amounted to $90,328,666, compared with 


$77,420,263, for the corresponding quarter of 1927, an increase. 


of 17 per cent, President Gerard Swope has announced. For 
the nine months ended September 30, orders received amounted 
to $260,686,463, compared with $233,076,091, for the first 
nine months of last year, an increase of 12 per cent 

E. C. Brown Retires from Ohio Brass Company.— 
Conneeted with the publie utility industry for many years, 
twenty-one of which he spent with the Ohio Brass Company, 
E. C. Brown is retiring from active duty and moving to 
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California, which has been his plan for some time. Mr. Brown 
was on the sales force of the Ohio Brass Company in the Missis- 
sippi Valley until about two years ago, when he took over the 
supervision of the soutwest distriet. It is this position which 
he is resigning at the present time. He takes with him the best 
wishes of his host of friends in the O-B organization and in the 
industry generally. 

New System for Fire Protection.—The American-LaFrance 
and Foamite Corporation, Utica, N. Y., has placed on the market 
a system of carbon dioxide protection against fire known as the 
Alfite System, which may be operated manually or auto- 
matically. The Alfite System employs an inert gas confined ina 
liquid state in metal cylinders and piped to nozzles located 
at the fire hazard. Here the gas is liberated in the room or 
space being protected. The system is especially applicable 
in the electrical field, because carbon dioxide is a non-conductor 
of electricity and will not damage electrical equipment. 

Copperweld Steel Company Announces Appointments. 
—According to a recent announcement from the Copperweld 
Steel Company, of Glassport, Penn., manufacturers of electrical 
rod, wire and strand products which consist of a core of steel 
around which has been molten welded a heavy exterior of copper, 
Lowell S. Monroe, formerly advertising manager of the Electric 
Controller & Manufacturing Company, is now a member of the 
Copperweld engineering staff in charge of service data. 


P. A. Terrell, formerly manager of the New Industries 
Division of the Mississippi Power Company, has assumed charge 
of central station and railroad sales for the Copperweld Steel 
Company, in the states of Tennessee, Mississippi, Alabama, 
Florida and Georgia. 


I. G. E. Contracts with Russia for Electrical Apparatus. 
—The International General Electric Company and the Amtorg 
Trading Corporation of New York recently signed a contract 
covering the supply of electrical apparatus for export to the 
Union of Soviet Socialist Republics (Russia). The contract 
provides for the purchase on the part of the Amtorg Corporation 
of not less than $5,000,000 or more than $10,000,000 worth of 
apparatus and material during the first two years. A payment 
of 25 per cent is required before shipment of the materials and 
the balance is to be covered by trade acceptances falling due 
within a period of five years from date of shipment. Provision 
is made upon the satisfactory completion of the purchases 
during the first two years for the continuation of the contract 
for a further period of four years, involving purchases of not less 
than $4,000,000 annually. The contract and all acceptances 
bear the unconditional guarantee of the Russian State Bank. 


Large Air-Blast Transformers for New York Edison 
Company.—Two air-blast transformers, greater in kilovolt- 
ampere capacity and larger physically than any others so far 
produced, have been completed at the Pittsfield works of the 
General Electric Company for the Waterside Station of the New 
York Edison Company, where they will operate in connection 
with a 40,000-kilowatt induction synchronous frequency set. 

Each unit is rated air-blast, three-phase, 25 cycles, 18,500- 
kilovolt-amperes, and 11,800/3300//440 volts. From the 
outside, the transformers have the appearance of solid, square 
blocks of gray iron, and, as a matter of fact, iron makes up more 
than half of the total weight of 54 tons. From the floor to the 
top of the casing, they stand 13 feet high, and they occupy a 
floor space 6 14 by 11 feet. 


This floor space, while exceptionally large for an air-blast 
transformer, is comparatively small when judged by other 
standards. A transformer of similar rating, if oil-immersed for 
instance, would take up roughly twice as much floor space. 
Therein lies one of the chief advantages of air-blast transformers. 
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Report of Committee 
on Power Generation 


This committee gave a complete and comprehensive 
résumé last year of the progress made and the trend in 
the art of power generation. Many of the important 
features of that report still describe the present practise 
in the various branches of power station development, 
and for this reason it was thought inadvisable to 
attempt a similar undertaking so soon thereafter. 
Some interesting material however, has already been 
collected and will be included in next year’s report. 

The principal activity of the committee this year 
has been the planning and preparation for the session 


on “Interconnection and its Effect on Power Develop- ` 


ment,” held at the Winter Convention in New York on 
Tuesday, February 14th, 1928. A most interesting and 
valuable group of papers was presented which, with 
the additional information and ideas given in the pre- 
pared discussion, constitutes a comprehensive sympo- 
slum on present-day practise and new developments of 
interconnection in various parts of the United States. 
Some of the features included in the papers and dis- 
cussion are,—Effect on Plant Capacity and Size of 
Generating Units; Economics of Operation; Various 
Operating Features; Stability and Reliability; Load 
Dispatching and Load Control; Technique of Inter- 
connection Operation and Physical Facts as to Inter- 
state Power. The papers presented are as follows: 

The Conowingo-Hydroelectric Project of the Phila- 
delphia Electric Company's System—With Particular 


Reference to Interconnection, W. C. L. Eglin, The Phila- 


delphia Electric Co. This paper was completed and 
presented by Mr. N. E. Funk because of the untimely 
death of Mr. Eglin. 

Progress and Problems from Interconnection in the 
Southeastern States, W. E. Mitchell, Georgia Power Co. 

Some Aspects of Pacific Coast Interconnection, P. M. 
Downing, Pacific Gas and Electric Co. This paper was 
presented by Mr. J. C. Parker, Brooklyn Edison Co. 

Interconnection and Power Development in Chicago 
and the Middlewest, H. B. Gear, Commonwealth Edison 
Co. | 

In addition to the above papers, prepared discussions 
were given by the following members; Charles L. Edgar, 
Edison Electric Illuminating Company -of Boston; 
A. C. Marshall, The Detroit Edison Co.; James Lyman, 
Sargent & Lundy, Inc.; Farley Osgood, Consulting 
Engineer; E. C. Stone, Duquesne Light Co.; L. W. W. 
Morrow, Electrical World; W. S. Lee, Southern Power 
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Co.; C. F. Hirshfeld, Detroit Edison Co. and F. A. 
Allner, Pennsylvania Water & Power Co. 

This symposium on Interconnection should be the 
means of indicating profitable lines for further study 
of this timely subject. With the extension of trans- 
mission lines, the increasing development of hydro- 
electric projects and the unprecedented capacities of 
power stations together with the ever widening areas 
over which electric energy is being used, the intercon- 
nection and coordination of various power systems is a 
matter that is becoming increasingly important. Many 
problems will arise from the greater complexity and 
magnitude of the interconnections, which should be 
presented and discussed in detail. This will be a fertile 
field to be cultivated by the Institute and particularly 
by the Power Generation Committee. 

The work assigned to the sub-committee on standards 
in connection with "Measuring the Output of a Genera- 
tor," has been completed, approved by the Standards 
Committee and forwarded to the A. S. M. E., for in- 
clusion in its Test Code for Steam Turbines. 

A subcommittee has been assigned to the task of 
reviewing the existing standards on Prime Movers- 
Generator Units, for the purpose of seeing what modifi- 
cations if any, should be made, and also to propose any 
new standards for this equipment. 

The Committee on Power Generation would stress 
the importance of standardization and recommends 
that its members render all possible assistance in pro- 
posing and developing new standards of such subjects 
as properly come within its scope. 

Other activities of the Committee on Power Genera- 
tion have included the assistance given the Meetings 
and Papers Committee in securing and selecting papers 
for the Institute Conventions, and also in reviewing 
papers for the purpose of awarding prizes. 

WM. S. GORSUCH, Chairman, 
Committee on Power Generation. 


Some Leaders 
of the A. I. E. E. 

SAMUEL REBER, retired colonel, U. S. A., Vice-Presi- 
dent of the Institute 1904-1906 and one of its Managers 
for the preceding period 1901-1904, was born in St. Louis, 
Missouri. He was graduated from West Point Military 
Academy in 1886, received an appointment as Second 
Lieutenant of the Fourth Cavalry, was promoted to 
First Lieutenant and, in 1894, was transferred to the 
Signal Corps. It was also in 1894 that he was graduated 
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from an electrical engineering course at Johns Hopkins. 


At the outbreak of the Spanish-American War, he was 
commissioned a major in the Volunteer Signal Corps and 
was subsequently promoted to lieutenant-colonel and 
Chief Signal Officer. At the close of the war, he received 
his honorable discharge from the Volunteer Service and 
in July 1900 was commissioned Captain in the Signal 
Corp, promoted to major in 1903, to Lieutenant-Colonel 
in 1918 and to Colonel in 1916. 


In 1905 he completed the course in the Army War 
College, at Washington,—the highest course of study in 
the American Army. While in France during the 
World War, he was graduated from the A. E. F. 
General Staff College at Langres. Upon his return 
from France November 1919, Colonel Reber retired 
from active military service and since that time has 
devoted himself to an active service in civil life, engaging 
with the Radio Corporation of America in 1923, and at 
present its special foreign representative. 


During his career in active Army service, Colonel 
Reber participated in the campaign against hostile 
Indians in Arizona, served through the Porto Rican 
campaign, and subsequently with the Army of Occupa- 
tion in Cuba, where he was in charge of the telegraph 
and telephone systems of the island. He then served as 
Military Secretary to the Commanding General of the 
Army until the abolishment of that grade and the estab- 
lishment of the General Staff, of which he became a 
member of the First Detail of that organization and the 
first Secretary of the Army War College. On the com- 
pletion of his detail with the General Staff he served as 
Chief Signal Officer of a number of Military Departments 
and the Division of the Philippines, where he transferred 
the cable and telegraph system to the civil government. 
During the World War he served in France as Provost 
Marshal of the Service of Supplies, with the 28th and 
88th Divisions, and as D. C-O-S. of the Second Army. 
He was gassed in action at Haumont. After the armis- 
tice, while in command of the Intermediate Section and 
Base Sections 4 and 6, he effected the transfer of the 
American Ármy supplies and property to the French 
authorities and repatriated the American forces in 
those sections. 


For a number of years he was in charge of the design 
and development of the electrical apparatus of the 
Signal Corps, superintended the manufacture of the 
submarine cable for the Philippine Islands and was 
instrumental in the formation of the committee which 
prepared the standard specifications for 30 per cent 
rubber insulation adopted by the Institute. Assisted 
by Doctor Carl Kinsley, in 1900 he developed the 
first American system of radiotelegraphy. This 
system was installed and operated under commercial 
conditions both in New York and San Francisco har- 
bors; in the latter place, it replaced the cable between 
Fort Mason and Alcatraz Island. In 1915 he was 
associated with General. J. J. Carty in the development 
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of the successful long distance radio telephone tests. 

He is a licensed balloon pilot and has had extensive 
experience in ballooning and aviation, having, as Chair- 
man of the Contest Committee of the Aero Club of 
America, supervised nearly all the international avia- 
tion meets held in the United States and was in charge 
of the Aviation Section of the Signal Corps of the Army 
in 1918-16, and a member of the National Advisory 
Committee for Aeronautics. 


Colonel Reber was admitted as an Associate of the 
Institute in September 1923; he was elected a Fellow 
in 1912; and has served on the following Institute 
committees: Membership Committee, 1902-4; Advisory 
Committee on Building Fund, 1903-4; Edison Medal 
Committee, 1905 to 1911; Telegraphy and Telephony 
Committee, 1909-10; Meetings and Papers Committee, 
1910-11; Telegraphy and Telephony Committee, 1910- 
11 (Chairman); Additional Grade of Membership 
Committee 1911-12; Code of Ethics Committee, 
1911-12. 


He was secretary of Section B of the International 
Electric Congress in 1893; a member of the Electrical 
Juries in the Chicago and Saint Louis Expositions in 
1893 and 1904; the War Department delegate to the 
International Electrical Congress of 1904, and a dele- 
gate to the following international conferences: Tele- 
graph, at Paris in 1925; Radiotelegraph, at Washington 
1927; Telegraph, at Brussels in 1928, and the Third 
Juridical Congress on T. S. F. at Rome, 1928. 


He is an Officier de l'Etoile Noire, a recipient of the 
Fourth Order of the Rising Sun, a Fellow of the Insti- 
tute of Radio Engineers, a member of the Franklin 
Institute and of the National Institute of Social Sciences; 
and the author of a number of technical papers and 
books. 


Factory lighting and ventilation should be super- 
vised by the state through a licensing system. This 
is a recommendation of Dr. George M. Price, director 
of the joint board of sanitary control in the women's 
garment trades, and was called forth because of poor 
lighting and ventilation in the six thousand garment 
factories in New York. In 1913 a report showed that 
nearly 75 per cent of garment workers had defective 
eyesight, and, in the opinion of Dr. Price, the percentage 
is nearly as high at present. Not more than 5 per cent 
of these factories have sufficient daylight for the work- 
ers. These conditions are inexcusable, for lighting as an 
art has been developed so that any industry at very 
small cost can have abundant light of the right 
quality. . 

It would appear that the electrical industry has not 
educated the garment trades. State intervention in a 
common-sense situation where production alone makes 
good lighting economical is a remedy to be applied as a 
last resort.—Electrical World. 
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INTRODUCTION 


N a discharge tube containing cold electrodes there 
[ is a very high-voltage drop at the cathode. Posi- 
tive ions falling through this drop result in the emis- 
sion of a small primary electron current which maintains 
the discharge by ionization by collision. Thus, we see 
that the function of the high cathode drop is the pro- 
duction of this primary electron current. 

When a hot cathode with a thermal electron emission 
sufficient to supply the current through the tube is 
substituted for the cold electrode, there is no longer any 
necessity for the high-voltage drop at the cathode as 
we already have plenty of primary electrons. All that 
is needed is a voltage sufficient to cause ionization of 
the gas. This voltage is never greater than 25 volts. 
Thus, the substitution of a hot cathode reduces the 
cathode drop to a few volts and we avoid all the diffi- 
culties caused by the high cathode fall in a cold cathode 
discharge. In other words, the replacement of the cold 
electrode by a hot electron-emitting one causes the 
discharge to pass from a glow to an arc, as defined by 
K. T. Compton. His definition states: “An arc is a 
discharge of electricity between electrodes in a gas or 
vapor which has a negative or practically zero volt- 
ampere characteristic and a voltage drop at the cathode 
of the order of the minimum ionizing or minimum 
exciting potential of the gas or vapor." By an adjust- 
ment of the pressure, the region of cathode glow and 
Faraday dark space can be greatly reduced, so that the 
main portion of the tube is filled with the luminous 
positive column. 


CONSTRUCTION oF HoT CATHODE ARCS 


In the previous paper, Doctor Hull has described the 
construction of a cathode capable of supplying very 
large currents. This type of cathode has been used in 
the construction of the neon tubes to be described in 
the remainder of the paper. A further description of 
this cathode seems unnecessary. "The radiation type of 
cathode has a decided advantage over a filamentary 
cathode in the fact that large areas can be obtained 
without using excessive heating currents, as in the case 
of heavy filaments, and also without having a large 
voltage drop between the terminals as in the case of a 
long filament. In the latter case, if the voltage across 


l. Research Lab., General Eleetrie Co., Seheneetady, N. Y. 

2. Cooper-Hewitt Electrice Co., Hoboken, N. J. 

3. K. T. Compton, A. I. E. E. Trans., Vol. XLVI, 1927, 
p. 868. 

Presented at the Joint Meeting of the New York Sections of the 
A. I. E. E. and the I. E. S., May 18, 1928. Complete copies upon 
request. 
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the filament is much greater than the ionization voltage 
of the gas used, an arc is formed across the leads and 
the filament is burned out. 


The construction of a hot cathode neon tube is shown 
in Fig. 1. It consists of an elongated tube on one end 
of which is a cathode of the type mentioned, which is 
capable of giving an electron current of about 3.5 
amperes when the heater is taking 60 watts. At the 
opposite end is an iron electrode which serves as anode. 
The pressure of neon in the tube is about 2 mm. of 
mercury. At this pressure, practically all of the tube 
is filled with positive column. 


ELECTRICAL CHARACTERISTICS OF DISCHARGE 


Before mentioning the characteristics of the tube as a 
unit we should like to discuss some characteristics of 
the discharge within the tube. Using the exploring 
electrode method, measurements of the potential distri- 
bution in a hot cathode neon tube show a cathode drop 
of about 25 volts, followed by a uniform gradient 
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throughout the tube. The drop at the anode varies 
from a few volts positive to a few volts negative, but 
is never very different from zero. 


POTENTIAL GRADIENT AS A FUNCTION OF PRESSURE, 
CURRENT, AND TUBE DIAMETER 


1. Pressure. Measurements of the potential gra- 
dient as a function of the pressure show a flat minimum 
at from 2 to 5 mm. pressure as shown in Table I. 


TABLE I 


Discharge current = 2.0 amperes 
Pressure Gradient 


.95 volts /em. 
.90 
72 
65 
65 
.61 
.80 
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2. Discharge Current. The voltage-current réla- 
tion in the main portion of the discharge is shown in 
Table II. The voltage gradient decreases as the cur- 
rent increases, giving a negative “resistance” to the 
discharge. 
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TABLE II 
Pressure = 0.2 mm. mercury 
Current Gradient 

amps. . volts per em. 


0.5 2.1 
1.0 2.0 
2.0 1.95 
3.8 1.87 
6.8 1.78 


$. Tube Diameter. Table III shows the relation 
between tube diameter and potential gradient. 


TABLE III 
Tube diameter......... 1.29 cm. 1.95 cm. 2.55 cm. 
Gradient.............. 3.36 volts/cm.| 2.15 volts/cm. | 1.75 volts/cm. 
Product............... 4.20 4.17 4.45 


This result is in accord with the theory of Shottky,* 
who, from theoretical considerations on the rates of 
diffusion of ions and electrons to the walls, has deduced 
that the voltage gradient should vary inversely as the 
tube diameter. 


TUBE VOLTA 
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neon at a pressure of 2 mm. are also in agreement 
with Shottky’s equation. 


OPERATING CHARACTERISTICS 


The over-all voltage-current relation for a tube 
125 cm. long and 2.2 cm. in diameter is shown in Fig. 2. 
On account of the negative “resistance” characteristic 
of the tube, the latter is inherently unstable and 
requires a resistance in series for stable operation. 
The value of this resistance must be greater than the 


4. Shottky, Phys. Zeit., XXV, 342, 635 (1924). 
5. Claude, Comptes Rendus, p. 479, 158 (1914). 
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Results of Claude* on tubes filled with 
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resistance corresponding to the slope of the volt-ampere 
curve or the tube will not operate. It will be noted 
that for low currents, much greater series resistance is 


required, and also the change in slope is greater at low 


current values. Therefore, for most stable operation, 
it is desirable to operate at a current where the change 
in slope is least, as at this point a larger proportion of 
the available voltage can be utilized in the tube. Also, 
an inductance in series with the arc eliminates transients 
and permits steadier operation. 


STARTING OF TUBES 
On a tube in which the distance from the walls to 
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the cathode is small compared to that between elec- 
trodes, the walls of the tube become negatively charged 
and it is necessary to remove this charge before a dis- 
charge will pass. This is true in the present tubes and 
there are three methods by which Me tubes may be 
started. 

1. A high-frequency discharge may be brought close 
to the tube. 

2. An auxiliary anode may be placed sufficiently 
close to the cathode for a discharge to take place to it. 
This produces ionization in the tube, which neutralizes 
the charge on the walls and by connecting the auxiliary 
and main anodes together through a suitable resistance 
the discharge can be transferred to the main anode. 

3. By suddenly stopping the current in an induc- 
tance in series with the discharge, a high inductive kick 
which causes enough ionization in the gas to allow 
current to pass is produced in the main circuit. This 
type of starting device is used in the Cooper-Hewitt 
mercury vapor lamps and is the method employed 
for the tubes described below. 


TYPES OF TUBES 
1. D-c. Tubes. The circuit for a d-c. tube with 
stabilizing resistance and series inductance is shown 
in Fig. 3. Here the heater wire is so chosen that 
it requires the same current as the discharge. After 
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the cathode is heated by means of the auxiliary cir- 
cuit, the latter is opened and the discharge, which has 
been started by an.inductive kick as described in the 
third method of starting, passes through the heater, 
which now takes the place of part of the stabilizing resis- 
tance. This is a decided improvement over a Geissler 
discharge form of tube, since the latter can be operated 
+ 
D.C.LINE 
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on a d-c. source of voltage only by using a special high- 
voltage generator. A hot cathode tube of this type, 
2.2 cm. in diameter and 75 cm. long, may be operated 
from a 125-volt d-c. line. 

When both a-c. and d-c. voltages are available, the 


A.C. LINE 
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heater unit may be operated from the a-c. supply, 
while the arc itself may be run on direct current. The 
d-c. circuit for this tube, including the circuit for the 
method of starting by the inductive kick, is shown in 
Fig. 4. When the voltage is applied, the tube is shunted 
by a mercury switch and a resistance which limits the 
current in this circuit to about one ampere. As soon 
as this current energizes the inductance the magnetic 
field from the coil tips the switch, breaking the auxiliary 
circuit very quickly (in less than 1/5000 of a second). 
This gives an inductive kick of about 2000 volts across 
the tubes. 

2. A-c. 


Tubes. An a-c. tube is made with an 
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anode in each of two short arms at the opposite end 
of the tube to the cathode. This tube, with its electrical 
connections, is shown in Fig. 5. The cathode is con- 
nected to the midpoint of an auto-transformer through a 
reactance. Each terminal of the transformer is con- 
nected to an anode through a small resistance. "This 
arrangement permits a uni-direction current to pass 
through the tube. "The reactance causes a lag in the 
current so that the two half waves overlap. This 
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reduces the current to an almost constant value and 
there is no visible flicker in the lamp. 

Another type of a-c. tube with connections is shown 
in Fig. 6. A hot electrode is placed at either end of 
the tube and operates as cathode on one-half cycle and 
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anode on the other. A large reactance in series with 
the tube is necessary to eliminate flicker. 


LUMINOUS CHARACTERISTICS 


Photometric measurements of a neon lamp show that 
as a first approximation the luminosity varies as the 
24 power of the current, but owing to the negative 
volt-ampere characteristic, the light emitted is practi- 


858 FOUND AND FORNEY: 
cally proportional to the watts at higher currents, as 
shown in Fig. 7. These measurements apply to the 
positive column only. Measurements of entire tubes 
show an over-all efficiency of 12 to 15 lumens per watt 
for d-c. tubes and 10 to 12 lumens per watt for a-c., 
which is about the same as the 100-watt size Mazda C 
lamp. 

A 220-volt tube, which is 2.2 cm. in diameter and 
125 cm. long, operating at three amperes, has a lumi- 
nous output of about 10,000 lumens. 


LIFE 


Tubes have been operated on life tests and many 
have run over 3500 hr. At the end of this period-there 
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was practically no discoloration of the walls and no 
measurable change in the volt-ampere characteristics 
of the tube. Also, from the general appearance of the 
electrodes, it does not appear too optimistic to predict 
a life of 5000 hr. or more. 

A feature of the tube is that its operation is in- 
dependent of the surrounding temperature. Tubes 
have been successfully operated, without attention, 
exposed to all kinds of weather—rain, sleet, snow,—and 
at temperatures as low as — 20 deg. cent. 


USES OF NEON LAMPS 


Display and Advertising. The color of the light 
emitted by neon makes it attractive for display and 
advertising purposes. D. McFarlane Moore did a great 
deal of pioneer work in the use of gaseous discharges 
in nitrogen and carbon dioxide for sign work. These 
were of the cold cathode type. The hot cathode neon 
discharge is especially adaptable for display where 
high intrinsic brilliancy is required. 

White Inght and Photography. A neon lamp used in 
combination with a Cooper-Hewitt mercury lamp 
supplies the red which is missing in the latter, and by 
adjusting the mixture of the two, a good approximation 
to white light can be obtained. This can be observed 
in Fig. 8, which shows a spectrum of mercury at the top, 
neon in the middle, and one of skylight at the bottom. 
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The mercury-neon combination is particularly 
adapted to panchromatic photography. To obtain the 
correct reproduction with daylight and panchromatic 
films, it is necessary to use an amber filter, as the films 
are more sensitive in the blue than the red. By adjust- 
ing the mixture of neon with Cooper-Hewitt mercury 
lights, the illumination may be made to correct for the 
sensitivity of the film and a filter is no longer necessary. 


FoG PENETRATION 


In heavy or foggy weather, transportation, especially 
boats and aircraft, is at a great disadvantage. Mea- 
surements made by Mr. Frank Benford’ show that the 
absorption of the longer wavelengths in thick weather 
is less than that of the shorter ones. Also, general 
experience indicates that red can be more easily dis- 
cerned than other colors. This is due not only to the 
fact that it has less absorption but also to its contrast 
with surroundings. Ina fog, a great deal of the shorter 
wavelengths are scattered, giving rise to the glare with 
which every motorist is familiar. Similarly, when one 
is looking for a light, this scattered light forms a sort 
of illuminated blanket, which diminishes the contrast 
between the light source and its surroundings. Whena 
red light is used, the scattered light is minimum, thus 
making it easier to observe the source. 

Since the hot-cathode neon lamp is one of relatively 
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600 
WAVE LENGTH IN MICRONS 
Fig. 9—SPECTROPHOMETRIC TEST 


Neon tube No. 18.004 at 2 mm. pressure, 4.0 amperes. 121.5 volts 


high intrinsic brilliancy, it is especially adapted for this 
purpose as its maximum energy occurs at about 6300 
A?. We are indebted to Mr. Benford for the spectro- 
photometric analysis given in Fig. 9. 

As a test on the advantages of the hot-cathode neon 
tube in weather of low visibility, a light of this type was 
mounted on a pier in the Hudson River. Observations 
from boats during a fog have shown that it was possible 
to pick up the red neon light before any of the other 
lights in the same vicinity were observed. These 
results indicate that this type of tube will be of great 
assistance as a marker for docks and ferry slips in the 


6. Frank Benford, General Electric Review, Oct. 1926. 
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harbors and if placed on a ship, it would also afford 
protection against collision with other vessels. 

The same properties make it desirable in aviation. 
Its possible uses in this field include outlining a landing 
field, marking obstructions and indicating a run-way. 
Highly concentrated tubes have been constructed for 
use in beacons and searchlights where a high-intensity 
beam is required. 
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In general, we believe that the hot cathode neon are 
is the most efficient high-intensity source of red light 
we have at present. 

In conclusion, the authors wish to acknowledge 
indebtedness to their co-workers for the great assistance 
which they have rendered, and especially to Doctor 
Saul Dushman, whoseinterest and suggestions have been 
of material help in the development of these tubes. 


Abridgment of 


A Study of High-Voltage Flashovers 


BY JOSEPH T. LUSIGNAN, Jr.: 


Associate, A. I. E E. 


Synopsis.— A brief discussion is given of the various forms of 
electrical discharges as they are characterized by the physicists. 

Oscillographic records secured of voltages and currents, both 
before and during the flashovers, are reproduced and discussed. 
Polarity tests, in which the electrode shape and spacing were found 
to determine the sign of the half-cycle at which flashovers would start, 
are described. 

Photographic results obtained with moving films are illustrated, 
Showing the various stages of a flashover from the formation of the 
corona discharges through the initial sparkover to the development 


INTRODUCTION 


HE object of the study here described was to secure 

a better understanding of the development of a 

high-voltage a-c. flashover, particularly with a 

view to investigating the successive stages of discharge 

involved, and the various factors contributing to their 

existence,—from the initial localized breakdown of air 

or corona to the final stage of a fully developed power 

arc. The entire experimental work was carried out in 

the Harris J. Ryan High-Voltage Laboratory at Stan- 
ford University. 


OSCILLOGRAPHIC STUDY OF FLASHOVERS 


Voltage and Current Waves. Fig. 1 shows the 
voltage wave of the initial part of a 20-ft. flashover, 
the formation point of the arc being on the half 
cycle where the sharp drop in voltage occurs. Each 
half cycle after that is seen to start with a brief 
rise in voltage which breaks down the gap again and 
allows the arc to re-form, whereupon the voltage drops 
for the remainder of the half cycle. If the potential 
applied to the electrodes is allowed to decrease after 
the arc forms, then the latter may break of its own 
aecord. Fig. 2 shows the corresponding voltage wave 
of the final stage of such an arc. The record represents 
two revolutions of the film and starts at a on the 


1. General Electric Company, Pittsfield, Mass., formerly 
Fellow in Eleetrieal Engineering, Stanford University. 

Presenled at the Regional Meeting of the Southern District of the 
A. I. E. E., Atlanta, Ga., Oct. 29-31, 1928. Complete copies 
upon request. 
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of the half-cycle arc channels. The flashovers studied ranged from 
several feet to 22 ft. in length. 

Spectrographic analyses of the different stages of a flashover 
are described, wherein it 1s possible to gain some knowledge of several 
factors contributing to the conductivities of the various stages. Several 
of the spectra obtained are illustrated and a comparison spectrum 
of lightning ts given. 

With the knowledge gained from the laboratory studies the 
probable history of a high-voltage a-c. flashover is summarized. 

k * * * * 


irregular wave of the arc itself. Here again it is ap- 
parent how each half cycle starts with a brief rise in 
voltage which each time breaks down the gap, but as 
the record progresses, and the current decreases due 
to the applied voltage being allowed to fall, the voltage 


Fic. 1—VorLTAGE Wave AT Start or 60-CycrLE FLASHOVER 


Arrow indicates point of breakdown 


has an increasingly harder task to maintain the half 
cycle discharges so that the initial half-cycle voltage 
needles continue to increase in magnitude. Finally 
at the point b the voltage is no longer able to re-form the 
are for that half cycle and the regular open-circuit 
voltage wave starts, which continues around on the film 
a second time and drops to zero at c when the circuit 
breaker opens. 
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One of the corona current records obtained is shown 
in Fig. 3. The current wave is seen to be decidedly 
unsymmetrical with respect to the halves of each 
cycle, indicating the rectifying effect that is always 
associated with a point in corona. On the pos'tive 
eurrent crests a series of discharge needles may be 
detected whereas on each of the negative crests usually 


BRA 


EnD oF 60-CYcLE FLASHOVER 


Fic. 2—VoLTAGE M AT 


Arc broke due to lowering of applied voltage 


but one appears. Current waves taken as the voltage 
across the 20-ft. gap is slowly increased from pre- 
corona values show that the positive current needles 
appear soon after corona starts and occur regularly 
on the positive half cycles. The negative half cycles 
of current increase in magnitude as the voltage rises, 
but the brief discharge needles do not appear until 
almost to the point of flashover, when they usually 
occur but once on a crest. Later this feature will be 
seen to check well with photographie observations 
taken on moving films. 

Determination of Flashover Polarities. As an added 
step in the study of flashover characteristics, tests 
were made to investigate the polarities at which dif- 


Fic. 3—Corona CURRENT Prior To FLASHOVER 


A. Corona current wave prior to flashover of 20-ft. point-gap 
B. Corresponding voltage wave 


ferent gaps would arc over to ground at 60 cycles, and 
in that way, ascertain whether this phase of a flashover 
took place in any orderly manner. With direct current, 
the point-to-plane set-up has always been found to arc- 
over at a lower potential when the point was positive 
than when it was negative, except at small spacings of 
the order of a fraction of an inch? and therefore this 
arrangement was tried first to see whether the same 
was true for alternating voltages. About 50 flashovers 
were taken with spacings ranging from 5 to 10 ft., and 
oscillographic records of the current in each case were 
secured in the ground end of the high-voltage winding. 


2. See bibliography for references. 
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In every instance the flashover started on the half 
cycle when the point was positive. 

A similar test was made on 50-cm. spheres with the 
bottom sphere grounded. With the spheres spaced 
50 cm. apart, approximately 50 flashovers were taken, 
and found to start with the ungrounded sphere negative, 
which was just opposite from the results with the point- 
to-plane set-up. The sphere-gap was next opened up 
to a maximum spacing of 69 cm., and the arc-overs 
were found to start on both halves of the waves, that 
is, the spheres flashed over from the upper sphere on 
either the positive or negative crests. 

From the above results it seemed that initial local 
breakdowns due to concentrated field intensities would 
cause a flashover to start positively from the un- 
grounded electrode, while, on the other hand, with a 
more or less uniform field, such as a sphere-gap at close 


Fig. 4—VorTAGE Wave JusT Prior TO FLAsHOVER OF 18-Fr. 
PoiNuT-G AP 


Arrow indicates brief drop in voltage at wave crest due to transient 
sparkover, one cycle before start of flashover 


spacing, the arc to ground would form on the negative 
crest of the wave. 

Sixty-cycle polarity tests were also made on shielded 
and non-shielded suspension insulator strings of 10 
and 14 units, respectively, where it was found that 
practically all flashovers to ground started on tlie 
conductor positive crests. Occasionally one would 
take place on a negative crest, but the average was never 
more than about one out of every 25 discharges. 
These results would seem to fit in well with d-c. and im- 
pulse insulator flashover tests made by Peek?“ in 
which he found the arcs to form on lower positive 
potentials than negative. 


PHOTOGRAPHIC STUDIES OF FLASHOVERS 


For the purpose of securing possible photographic 
analyses of flashovers, a special camera with a revolving 
film holder was made. By driving the cylinder at 
different speeds, it was possible to draw out the dis- 
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charge figures on the films as much as desired; and by 
the use of shutters actuated by relays, the films could 
be exposed to any phase of a flashover. 

Figs. 5 and 6 show some of the moving film records 
obtained in this manner. In each of the figures it is 
apparent how the path of the first breakdown, shown 
by the brief but heavy discharge at the start of the 
first half cycle, practically determines the path of the 
succeeding half cycles. 

The manner in which the streaks of light are drawn 
out on the film after the last half cycle of are proved 
of interest. They can be accounted for, undoubtedly, 
in the following manner: The arc itself is probably 
not more than a fraction of a millimeter in thickness, 
but at the points where it is folded or bent, there are 
several millimeters or more of are length in the line of 
vision. Therefore, at these folded points there will be 
much stronger light intensities which will have greater 
effects on the photographic film. The ionized gas re- 
mains partly incandescent even between half cycles 


== 


NOII1293HIQ —— >» 


4 b 

$ 4 
- is P e^ 
E E -—- 


E- 
Į 


Y 
i 
>. 
4 


~~ 


ic 
a 
e 
d 
| =i 
(3 
> 
< 
| 
= 


Fic. 5—REPRODUCTION OF Movinc-FILM PHOTOGRAPH OF 
10-Fr. HORIZONTAL FLASHOVER OF 11 Harr CycLes DURATION 
BETWEEN Pointer ELECTRODES 


when the current is passing through zero, which densi- 
meter measurements verified; but it is only the more 
intense folds of the arc that appear to persist on the film 
between half cycle bands. Accordingly, after the last 
half cycle, it is these same folds that streak out as if by 
themselves. Undoubtedly the whole path across the 
gap remains incandescent, but only those parts that are 
bent to appreciable length in the line of vision seem to 
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show up on the film, those of the greatest depth lasting 
longest. In some of the films obtained, these folds 
persisted as long as three cycles after the arc-overs had 
ceased, indicating that the gas in the gap remained 
incandescent that long. 

In the first work with the 10-ft. horizontal point-gap, 
with both sides insulated, it was noticed that the brush 
discharges from each point prior to arc-over were only 


Fic. 6—NiNE-Foor VERTICAL FLASHOVER FROM POINT TO 


FLOOR 
Moving-film photograph of flashover of 11 half cycles duration 


perceptible at the positive half cycles on the moving 
films. But when the gap was next opened up to 22 ft., 
discharges appeared on every half cycle just before 
arc-over. On the films, the alternate half cycles of 
brush discharge were found to be strikingly similar, 
while the succeeding half cycles were different, indi- 
cating that the positive and negative discharges each 
had their own decided characteristics. As the point 
discharge first begins to appear on the moving film with 
the rising voltage, there can be seen on the negative half 
cycles either no visible signs of discharge or one heavy 
stalk or jab with a corona head at the end of it, 
indicating a small voltage drop along its path, so 
that the field terminates chiefly at its end, and 
produces a brush head effect there. As the voltage 
approaches arc-over, these intense white negative 
jabs increase in length and brilliancy and may occur 
more than once on an occasional half cycle. The 
positive discharges, however, seem to be more pro- 
longed over their corresponding voltage crests, branch- 
ing out continually and to greater lengths than the 
negative discharges, but with less luminous intensity 
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than the latter. They come in earlier, also, and consis- 
tently appear at each alternate half cycle. The fact 
that no long intense negative streamers appeared at the 
10-ft. spacing, both electrodes insulated, apparently 
indicated that they required much higher voltage 
gradients. 

.In the work on space charge carried out at Stanford 
two years ago,‘ it was found that at the start of corona, 
the region between two conductors was built up to a 
slight negative potential „above ground due to the 
corona rectification. The sign of the charge soon 
reversed with increase in voltage, and near the flashover 
voltage, the space had been charged to an appreciable 
positive potential above ground. Since it is at this 
point that the long intense streamers appear from the 
negative electrode, it would seem that they merely 
serve to dart out at intervals to drain different portions 
of the field of the heavy positive space charges there. 

By means of a stroboscope, it was possible to check 
visually the electrode discharge figures obtained on the 
moving films. 


The physical appearances of the point brush dis- 
charges found above seem to display features which fit 
in rather well with the oscillographic records of corona 
current obtained. On these current waves, (one of 
which is shown in Fig. 3), the many needle jabs on each 
positive half cycle probably serve to supply the tree- 
like channels continually branching out when the 
electrode is positive. On the negative current crests, 
the smooth part of the wave is probably indicative of 
the current supply to the short negative glow, while the 
single sharp peak with it, (if it occurs) would be as- 
sociated with the ordinary single heavy streamer 
that is seen on the negative half cycleon the moving film. 


In photographs of laboratory flashovers of insulator 
strings, condenser-like discharges sometimes are visible 
along paths other than that over which the actual 
flashover finally develops. These are undoubtedly 
initial discharge breakdowns to ground at a time when 
the voltage are too low to provide sufficient energy 
(1/2 C E?) to render the path conducting enough for the 
arc tofollow. Fig. 4 shows the oscillogram of a voltage 
wave several cycles before flashover of a 20-ft. point- 
gap, where a brief drop in voltage at one crest can be 
seen, which probably occurred simultaneously with 
some such temporary pre-flashover condenser discharge. 


SPECTROGRAPHIC ANALYSIS OF FLASHOVERS 


Next, in an attempt to identify some of the factors 
contributing to its various conductivities spectrograms 
were taken of the different stages of a flashover. By 
arranging a shutter that would open for only the start 
of a flashover, it was possible to secure the spectrum 
of the initial intense discharge which was found to 
bridge the gap at the beginning of the first half cycle 
of arc-over on each of the moving film photographs, 
(Figs. 5 and 6). Fig. 7a shows one of the spectra, 
obtained in this manner, of a 10-ft. discharge from a 
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point to a plane. This was identified as the spark 
spectrum of air and is practically identical with that 
of lightning, as can be seen from a comparison with a 
lightning spectrum as obtained by Fox,* which appears 
in Fig. 7b. In every laboratory flashover so analyzed 
the initial discharge was found to give the spark spec- 
trum of air. 

In these spectrograms of the initial spark it was 
noticed that arc lines of metal vapor appeared at the 
electrodes. In the discharge of Fig. 7a, where an 
aluminum electrode was used, typical aluminum are 
lines are visible at the upper end. In order to ascertain 
how soon metal vapor appeared in a flashover, a moving 
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(a) (b) 
Fic. 7—CoMPARISON OF LABORATORY SPARKOVER AND 
LIGHTNING SPECTRA 


(a) Spectrum of initial spark bridging 10-ft. point-to-plane gap, which 
Started first half cycle of complete 60-cycle flashover 


(b) Spectrum of lightning stroke. (Fox-Yerkes Observ.) 


film spectrogram of about one inch of the discharge at 
the electrode point was obtained, making use of a slit. 
This was carried out for aluminum, copper, and iron 
electrodes. In every case the presence of metal vapor 
was detected in the initial spark discharge starting the 
first half-cycle of arc-over, the aluminum showing up 
most intensely. Since iron vaporizes at 2450 deg. cent., 
it would seem that temperatures sufficient for ther- 
mionic emission at the electrode are probably reached 
at the very first spark breakdown of the gap. Factors 
other than heat, however, may possible come in to 
facilitate vaporization during the first air spark, since 
the initial high-voltage gradient at the electrode may 
provide sufficient bombardment by positive ions, or 
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strong enough electromechanical forces, to remove 
metal particles from the electrodes which, in turn, 
would be vaporized. Nevertheless, it is interesting to 
find metal vapor present within the first one thousandth 
of a second of flashover. ) 

It was not possible to secure a recognizable spectrum 
of the arc itself in the center of the gap after the first 
sparkover. In some short spectrographic exposures 
made of the 10-ft. flashovers, it was apparent from the 
metal arc lines visible that metal vapors extended out 
from the electrodes an appreciable distance within 
the first two cycles of flashover, at least 8 or 10 in. 
in the case of iron, and about 6 in. with aluminum. 


THE PROBABLE HISTORY OF A HIGH-VOLTAGE A-C. 
FLASHOVER 


Factors Involved. Undoubtedly ionization by col- 
lision, as originally suggested by Townsend and later 
amended by others,’ plays an important role through 
out an entire high-voltage a-c. flashover. At the start, 
it is the essential factor in breaking down the air 
column between electrodes. Later, thermionic emis- 
sion and metal vapors enter to enhance the conductivity 
of the channel, the former giving its pure electron supply 
from the electrodes, while the other provides a much 
more easily ionized medium for conduction. 

Process of Breakdown. When the potential across a 
gap or over an insulator string becomes sufficiently great 
due either to the alternating voltage being increased 
or an impulse wave superimposed, two corona streamers 
from opposite electrodes will meet and bridge the gap. 
(No experimental evidence has yet served to explain 
the exact details of this contact.) The condenser 
capacity of the electrodes and its attached parts will 
then discharge across, giving an intense initial spark. 
If, due to a too low applied voltage, the stored electro- 
static energy (1/2 C E?) is not great enough to provide 
a sufficiently heavy discharge for starting adequate 
thermionic emission or metallic vaporization at the 
electrodes, the gap breakdown will cease, and the volt- 
age wavewillreturn to normal, similarly to the one shown 
in Fig. 4. On the other hand, should the initial dis- 
charge be ample to create sufficient thermionic emission 
and metal vaporization at the electrodes, (and possibly 
a certain amount of sufficiently ionized and excited 
gaseous bodies in the gap), then the conductivity of 
the channel will be increased enough to allow the dis- 
charge to be maintained though the voltage wave 
continues to drop through the remainder of the half 
cycle, as seen in Fig. 1. On the next half cycle the 
discharge has to form again, but due to many of the 
particles in the gap being either already ionized or in 
an unstable state, it requires only. a small voltage rise 
before the gap is again broken down, whereupon the 
voltage wave falls once more. As the arc-over current 
increases, which it surely must unless the effective 
applied voltage is dropped appreciably, less and less 
voltage is required to break down the gap each half 
cycle. Probably ionization by collision occurs at the 
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beginning of every half cycle, although in a fully de- 
veloped power arc, with copious thermionic emission 
and metal vaporization in existence, it would require 
but a small initial voltage for it to start the discharge 
each time. Thermal agitation and slight photo- 
electric effects probably enter to assist in the ionization 
process by ''exciting" neutral bodies, but it is highly 
questionable whether they, in themselves, do any actual 
ionizing. 
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A HYDROGEN-COOLED GENERATOR 


A brief note describing the operation of what is 
probably the first commercial electrical machine to be 
cooled with hydrogen instead of air, has been received 
from W. J. Foster, Chairman of the Committee on 
Electrical Machinery. 

The New England Power Co. installed early this 
past summer an out-door, hydrogen filled, synchronous 
condenser made by the General Electric Co. The 
hydrogen is cireulated by the fan action of the rotor 
through specially designed water coolers placed in the 
two ends of the machine. The water circulation is 
common with that provided for the transformers. 

This synchronous condenser, rated 10,000 kv-a. at 
13,800 volts when operated in air, has been carrying a 
load of 12,500 kv-a. at approximately 14,000 volts 
every day since June 26th when it was put on the line. 
The temperature of the stator windings, which is 
determined by embedded detectors in the armature 
slots installed in accordance with the STANDARDS of the 
A. I. E. E., and recorded by a temperature recording 
instrument, has been quite uniformly 65 deg. cent. all 
summer. 

The condenser is in the Pawtucket outdoor station 
with oil switches and transformers and is said to be 
fully as quiet and well-behaved as its neighbors. The 
quantity of hydrogen required to keep the purity up to 
that specified has averaged 7.5 cubic feet per day. 
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Impulse Flashover of Insulators 


BY J. J. TOROK* 


Associate, A. I. E. E. 


Synopsis.— For the most part, this paper is a discussion of the 
mechanism of insulator flashover. The breakdown of air between 
electrodes, with particular consideration of the effect of various 
factors upon the flashover characteristics of insulator strings 
equipped with arcing rings, is discussed. It is shown that critical 
dimensions and spacings of arcing rings exist for a given insulator 
string. If the arcing rings are designed to lie on the safe side of 


INTRODUCTION 


OMMONLY, transient voltages on transmission 
lines are attributed to three sources—switching, 
induction from cloud fields, and direct lightning 

strokes. The most troublesome surges are of the last 
two classes.! These surge potentials often exceed the 
insulation value of the line, and a flashover follows. 
The surge flashover forms an ionized path which is 
highly conductive, and a short circuit on the energized 
transmission line results. The subsequent interruption 
may last for only a few seconds, but, if the power 
short-circuit current shatters an insulator, the line may 
be out of service for several hours, an occurrence which 
it is extremely desirable to avoid. Because the power 
current will naturally follow the path established 
by the surge, a thorough study of the nature of surge 
flashover is involved directly in the problem of pre- 
venting insulators shattering. 


WAVE SHAPES AND SPECIFICATIONS— 
PRELIMINARY TESTS 


One of the first effects noticed was that the nature of 


the flashover of a string of insulators changed quite : 


perceptibly with different types of applied voltage 
waves. When the active portion was at the crest of a 
wave, or even on the front of a slowly rising wave, the 
arc sometimes cleared all, or nearly all of, theinsulators. 
But when breakdown occurred on the front of a steep 
wave, the arc formed between the metal parts of.the 
insulators, cascading the string. Even with many 
forms of arcing rings and horns, cascading resulted 
when steep waves were applied. In designing arcing 
rings for an insulator string, the first consideration is to 
insure’ that all arcs will take place between the rings. 
At the same time, it is desirable to maintain or increase 
the flashover voltage of the string by improving the 
gradient along the string. However, the flashover 
voltage between rings under all conditions must be less 
than that of the string with improved gradient. From 
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this critical point, cascading flashovers wiil not occur: if the arcing 
ring dimensions are below the critical values, cascading may or may 
nol occur, depending upon the nature of the applied voltage ware, 
Data from tests, which determined the limiting physical dimensions 
of arcing rings will prevent cascading under all types of im- 
pressed voltages, are presented. 


the above, obviously the most difficult condition to 
satisfy is the prevention of cascading with rapidly 
rising voltages; and this really includes all others. 

We now can summarize the factors involved in a 
study of the surge flashover of insulators, as follows: 
the characteristics of the applied voltage; the break- 
down of air at atmospheric pressure; the electrostatic 
field or voltage stress distribution, and hence, the 
nature of the electrodes. 


BREAKDOWN OF INSULATORS 


The flashover of a string of insulators is not so simple 
a process as the breakdown of air between electrodes. 


VOLTAGE 


TIME 
Fig. 3—Typica, BREAKDOWN CURVE OF AN AIR-GaP 


A knowledge of the electrostatic field and of the stress 
distribution along the string is necessary. Calculations 
based upon the potential theory advanced by Ollendorf' 
have been made and checked in the laboratory. Ollen- 
dorf replaces the insulator string by two spheres of 
suitable diameter, one representing the line insulator 
and the other the ground insulator. He neglects the 
effect of the intermediate insulators upon the field 
by considering that their charges are bound. Thus, the 
effect of any charge is nearly neutralized by an equal 
and opposite charge displaced no more than the length 
of an insulator. Below breakdown values, voltage 
distribution curves calculated with these assumptions 
check closely with experimental curves. Fig. 4 shows 
the distribution on a plain string of seven suspension 
insulators raised to breakdown potential. Most of the 
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Cstress is across the two units adjacent to the line. The 
seventh or line unit is stressed well above its breakdown 
value. However, there is a current between the porce- 
lain sections of the string tending to equalize the stresses 
across the units. This is a conduction current through 
the air, and the maximum possible current density 
without thermal ionization is low. Since time is 
required to transfer the charge, the average rate of 
voltage rise determines the equalization effect of this 


KILOVOLTS 
KILOVOLTS 


3 4 
INSULATOR UNITS 
Fic. 4—VovraGE DISTRIBUTION (a) AND VOLTAGE PER UNIT 
(b) ON 4 STRING OF SEVEN INSULATORS 
current. Therefore, with a rapidly applied voltage, 


one insulator will reach its breakdown value before the 
other units of the string. Streamers will start to form 
around this highly stressed unit. When it is shunted 
by streamers, its potential will be thrown across the 
remaining units, causing a new voltage distribution. 
The process continues at an increasing rate until the 
breakdown is completed. A time lag or breakdown 
curve similar to that of an air-gap exists for the flashover 
of an insulator string. | 


ARCING RINGS 


We may consider now a typical insulator string 
equipped with arcing rings. Data on a seven unit 
string equipped with 19-in. diameter rings of lj-in. 
diameter material are available. The rings were 
located 3.8 in. from either end of the 39-in. string. 
Surges with a rate of rise greater than a certain critical 
value invariably cascaded the string. Surges with 
lower rates of rise struck between the rings. The 
comparative breakdown curves may be constructed as 
in Fig. 5. Since the rings have a lower 60-cycle break- 
down value, the active portion of a given wave is 
reached at a lower voltage for the rings than for the 
insulators. The curves must cross at a point corre- 
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sponding to the critical rate of rise. It will be noticed 
that for slowly rising waves, the active portion for the 
insulators may not be reached. 

The following physical explanation may be made: 
For slow rates of voltage rise, the streamers forming 
from the rings span the entire gap before the active 
portion for the insulators has been reached; for 
moderate rates of voltage rise, the potential on the 
insulators reaches the active or streamer forming 
portion of the wave, but not until the ring streamers 
have almost completely spanned the gap; for rapidly 
rising voltages, the ring streamer development is 
sufficiently slow to permit the insulator potential to 
rise above breakdown value; hence, the insulator 
streamers develop into a cascading breakdown. 

Laboratory experiments indicate that the streamers 
upon formation are fairly high in resistivity, and prob- 
ably only a part of the charge is transferred to their tips. 
For this reason, the streamers of opposing electrodes 
will have less effect upon each other than might be 
expected. However, as the streamer progresses, the 
insulator-streamer component increases due to the 
relatively higher potential of the insulators at this 
point. This effect is increased further under steep 
surges by the unbalanced rise of potential on the insu- 
lators. A slight bending of the streamer toward the 
insulators produces an increase in the streamer insu- 


VOLTAGE 


TIME 


5—CoMPARATIVE BREAKDOWN CURVES FOR AN IN- 
SULATOR STRING (b), AND FOR AN AIR-GapP 
BETWEEN ArcING Riwcs (a) 


Fic. 


lator component which forces the streamer to develop 
still further in toward the insulators. Thus, a slight 
bending or branching of the streamers in the early 
stages of flashover will result in a cascading, or partial 
cascading, flashover. This point is particularly im- 
portant for long strings, such as 220-kv. transmission 
line ihsulation. | 

We may determine now the effect of various physical 
arrangements of the arcing rings upon their flashover 
characteristics. It is obvious that a homogeneous field 
between the rings is desired to speed up the streamer | 
formation. The nearer the surface of the ring ap- 
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proaches that of a sphere, the more uniform the field 
will be. Therefore, the ring must be made of material of 
relatively large diameter. To prevent the streamers 
from being drawn into the string, a ring of comparatively 
large radius must be used. To aid in obtaining these 
results, the spacing or distance between the rings can be 
reduced, and this is usually necessary. However, due 
to the improvement in voltage distribution along the 


10—SurGE FLASHOVER OF AN INSULATOR STRING WITH 
IMPROPERLY APPLIED ARCING RINGS 
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string resulting from the grading effect, a flashover 
voltage comparable to that of the plain string can be 


. maintained. Obviously, the grading effect is lessened 


by an increase in ring radius, and the most desirable 
arrangement for a particular application will be a 
compromise. 


ARCING HORNS 


The arcing horn has characteristics similar to the 
needle-gap. The stress distribution between opposing 
horns is very poor, since the section surrounding the 
horn tips has a relatively high gradient. Through a 
field of this nature, the streamers will develop slowly,| 
and the potential across individual units will have time 
to build up and cause cascading. To overcome this 
sluggishness of operation, the distance between the 
tips must be reduced considerably. This adjustment 
is doubly effective; the point at which breakdown 
begins or streamers start to form is lowered, and the 
breakdown distanceisreduced. Decreasing thespacing, 
however, has the serious disadvantage that the insula- 
tion of the line is lowered. When an arc exists, it 
must terminate at the horn tips, and is quite likely to 
be blown into the insulators. 


The characteristics of the arcing ring are inherently 
much better. The stress distribution is uniform, per- ! 
mitting the streamers to grow rapidly. Consequently, 
spacings which do not lower the line insulation can be 
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maintained. When an arc occurs between rings, it can 
travel around the rings. Hence, there is little chance 
of the arc being blown into the insulator string. 


TESTS 


Test data on various arcing ring arrangements have 
been accumulated. Standard suspension insulator 
units 10 in. in diameter with 55$-in. spacing were used 
in the tests. Rings of 14-in. diameter copper were first 
used to facilitate variation of the ring diameter and 
ring-to-ring spacing. The average rate of rise of the 
active portion of the generated wave was 7000 kv. per 
microsecond. This is somewhat steeper than lightning 
produces on transmission lines, as indicated by available 
data. However, extensive measurements of voltage 
or wave form were not made. 

At first, the rings were set at a definite spacing; that is, 
a definite percentage of the string length. Then the 
radius of the rings was increased until cascading ceased 
entirely with repeated voltage application. Thus, the 
minimum ring radius for a given spacing was obtained. 
Similarly, the maximum spacing for a given ring radius 
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was determined. In Fig. 11, where critical ring spacings 
and ring radii are plotted in terms of the string length, 
is shown, graphically, the results of such a test for a 
seven-unit string. The curve divides the cascading and 
non-cascading regions. Thus, in order to keep the ring 
spacing or flashover distance above 90 per cent of the 
length of the plain string, for this particular case, the 
ring radius must be 40 per cent of the length of the string 
Where the ring radius is limited by tower clearances, 
the curve gives at once the maximum ring spacing. 
Similar tests were made with ring material of 114-in. 
and 2-in. diameter. The results for the seven-unit 
string are shown in Fig. 12. For close spacing, the 
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larger diameter material is of no advantage. At 
greater separations, the larger diameter material per- 
mits the use of rings of smaller radius. 


CONCLUSIONS "id 


1. The breakdown of air is a progressive process 
requiring a finite period of time for the streamers 
developing from one or both electrodes to span the 
distance between electrodes. The time required is a 
function of the average gradient of the field. 

2. The flashover of a string of insulators is a similar 
though more complicated process. 

3. The nature of the flashover depends upon the 
rate of rise of the applied voltage. Cascading of the 
units of an insulator string is more likely to occur the 
faster the rate of voltage rise. 

4. Cascading flashovers occur on the application of 
rapidly rising voltages because of the limited values of 
the leakage and conduction currents which tend to 
equalize the stress distribution of the units of the 
insulator string. 

5. The path formed by the surge flashover furnishes 
a low resistance path for the power follow current. 

6. Arcing rings will prevent cascading flashovers 
provided the time lag characteristic curve for break- 
down between the rings is below the corresponding 
curve for flashover of the insulator string. This con- 
dition may be satisfied by conforming to definite 
physical relations between the ring-to-ring spacing, the 
radius of the rings, and the diameter of the ring mate- 
rial, as functions of the length of the insulator string to 
be protected. Furthermore, the radius of the arcing 


SEPARATION OF RINGS IN PERCENT OF STRING LENGTH 


8 


40 


50 
RADIUS OF RINGS IN PERCENT OF STRING LENGTH 


0 10 20 30 


Fic. 12—Criticat ARCING RING ARRANGEMENTS; (a) 14-IN. 
DIAMETER MateriaL, (b) 14%-1n. DIAMETER MATERIAL, (c) 
2-1n. DIAMETER MATERIAL; FOR SAME STRING AS Fic. 11 


rings must be great enough to prevent the streamers 
from being drawn into the insulator string after they 
have started to form at the active sections of the arcing 
rings. 
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7. Arcing horns are unsuitable because of their high 
time lag characteristic, the decrease in flashover voltage 
necessary, and the likelihood of the arc being blown into 
the insulator string. 


Fic. 13—AnciNc RiNaGs DEesiGNED For a 16-UnitT INSULATOR 


STRING 


The authors wish to express their appreciation of the 
assistance contributed by Messrs. J. Slepian, C. L. 
Fortescue, and P. H. McAuley. 


Bibliography 
1. Klydonograph Surge Investigations, by Cox, McAuley, and 
Huggins, A. I. E. E. Trans., Vol. XLVI, 1927, p. 315. 


2. Surge Impulse Breakdown of Air, by J. J. Torok, A. I. E. E. 
Quarterly Trans., Vol. 47, April 1928, p. 349. 


3. "Breakdown of Spark-Gaps," by J. Slepian, Electrical 
World, April 14, 1928. 


4. “Theory of Suspension Insulators,” by F. Ollendorf, 
Archiv fur Electrotechnik, September 8, 1926. 


5. 220-Kv. Transmission, by R. J. C. Wood, A. I. E. E. 
Trans., Vol. XLI, 1922, p. 711. 


6. ''Avoiding Flashovers on 220-Kv. Transmission Lines," 
by G. H. Stockbridge, Electrical World, March 12, 1925. 


7. ‘Recent Investigation of Transmission Line Operation," 
by J. G. Hemstreet, A. I. E. E. Trans., Vol. XLVI, 1927, p. 835. 


8. "Advantages and Limitations of Wood in Transmission 
Structures,” by A. O. Austin, International High-Tension Con- 
gress, Paris, June 23, 1927. 


Good lighting, according to Clifford C. Paterson, 
president of the International Illumination Congress, 
is something akin to the perfect human character— 
"that which permeates all around it with charm and 
helpfulness, but effaces its own individuality." Mr. 
Paterson urges international accord and the comparison 
of experiences in lighting in order to make faster and 
more orderly progress.—N. E. L. A. Bulletin. 
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Synopsis.—The authors describe recent activities of the Bell 
System in the development of long distance multiplex telephone 
sysiems using carrier current methods. A new, so-called type C 
system which supplants earlier types of equipment is described 
1n detail, together with suitable repeaters and pilot channel apparatus 


INTRODUCTION 


N an ordinary telephone circuit, the electrical 
equipment is not called upon to transmit frequencies 
above about 3000 cycles per second. By the use, 

however, of higher frequency currents, which serve a 
"carriers," several additional messages may be trans- 
mitted simultaneously on the same pair of wires. In 
these carrier current systems the voice-frequency 
currents of each message are caused to "modulate" a 
high-frequency current. The resultant modulated cur- 
rent contains a band of frequencies which is displaced 
from the original voice-frequency band by the amount 
of the carrier frequency. At the receiving terminal 
in a multi-channel system, the various incoming bands 
of high-frequency currents are separated by electrical 
filters. Then, by “demodulation,” the original voice- 
frequency currents are reproduced and reach the 
proper listener. 

At the Midwinter Convention of the Institute, 1921, 
Messrs. Colpitts and Blackwell presented a paper 
entitled Carrier Current Telephony and Telegraphy.' 
This paper included a brief historical summary—as 
well as a theoretical discussion, of the methods involved 
—and detailed descriptions of carrier-current apparatus 
which had at that time found employment in the 
telephone plant. The thermionic tube and the wave 
filter formed the basis of these pioneer commercial 
systems. 

The Colpitts-Blackwell paper described two kinds of 
carrier telephone systems then in operation,—a four- 
channel "carrier suppressed" system, (type A) and a 
three-channel ‘‘carrier transmitted" system (type B). 
While these earlier systems were effective in bringing 
about economies by avoiding the stringing of additional 
wire on many pole lines, there remained many oppor- 
tunities for improvement in performance and simplifi- 
cation of equipment. The result has been the develop- 
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for insuring the stability of operation: the line problems are con- 


sidered and typical installations pictured. The growth of the appli- 
cation of carrier telephone systems and their increasingly important 
part in providing long distance telephone service on open-wire 
lines are shown. 


ment of a new (type C) system, which is technically a 


material improvement over its predecessors and which | 


is also less expensive. 


THE TYPE C SYSTEM 


The new system is essentially a long haul multi- 
channel system. It adds three high-grade telephone 
circuits to the facilities normally afforded by a single 
pair of wires and can be used over the longest circuits 
likely to be encountered in the Bell System. For the 
longer distances, repeaters are required spaced at 
intervals of from 150 to 300 mi. An important 
feature of the longer installations is the so-called pilot 
channel by which stability of transmission over the 
three carrier channels is assured despite relatively large 
variations in high-frequency line transmission due to 
weather changes. 

The type C system is a “carrier suppressed” single 
sideband system. In this respect, it is similar to the 
older type A system. In the matter of the frequency 
allocation of the channel bands, the type C system 
possesses one of the features of the older type B system, 
the use of different carrier frequencies for transmission 
in opposite directions. Experience with the older 
systems has led to the conclusion that this two-fre- 
quency method of operation is to be preferred in the 
telephone plant. 


A COMPLETE SYSTEM 


The simplified layout of a complete system is shown on 
Fig. 1 (Fig.20fthecompletepaper). It will benoted that 
it includes apparatus at a terminal, a line circuit, a 
repeater station, a second line circuit and apparatus at 
a second terminal. Obviously, the number of line sec- 
tions may be extended by the use of a greater number 
of repeaters. 


At each end there are the terminations of the three 
carrier channels, 1, 2, and 3 and the regular voice circuit, 
4. These terminations ordinarily appear at the long 
distance switchboard. When a subscriber is connected 
to one of the terminations,—for example No. 1,—speech 
currents pass through the three-winding ‘“‘hybrid” 
coil, thence into the modulator circuit, where they are 
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caused to modulate a high-frequency carrier current. 
The resultant modulated bands? of frequencies pass 
through a filter allowing only the desired band of 
frequencies to pass to the transmitting amplifier. 
Thence, this band passes through a so-called directional 
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set, whereby the regular voice range currents are 
separated from the higher frequency carrier current at 
both terminal and repeater offices. 

The other two carrier channels function similarly, 
and the several modulation bands of carrier frequencies 
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filter and a high-pass filter to the line circuit. The high- 
pass filter last referred to, in association with its com- 
plimentary low-pass filter, forms a so-called “line filter” 

2. Loe. cit. or R. V. L. Hartley. “Relation of Carrier and 


Side Bands in Radio Transmission," Bell System Tech. Jl., Vol. 
2, April 1923, p. 90-112. 
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2—ScHEMATIC DIAGRAM OF Type C TERMINAL CIRCUIT 


join the first channel in passing through the common 
amplifier and directional filter circuit to the line. Ata 
repeater point, the group of bands comprising the 
three channels in a given direction passes through the 
high-pass line filter circuit; thence through a directional 
filter and amplifier circuit and outward through a 
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similar directional and line filter circuit to the next line 
section. At the farther terminal, the several carrier 
currents pass through the directional filter and are 
again amplified in the receiving amplifier. At the 
output of the amplifier the different carrier channel 
bands of frequencies are selected, one from another by 
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consists of a two-tube push-pull grid-bias circuit in 
which the carrier frequency is balanced out. A 
separate oscillating tube circuit of exceptional frequency 
stability supplies the carrier current. "The frequency 
allocation requires the transmission of the upper or 
lower sideband frequencies only and at the output the 
band filter selects the desired band, rejecting the other 
products of modulation. The common amplifier is a 
two-stage vacuum tube unit having four tubes in the 
output circuit arranged in parallel push-pull connection 
to insure the required load carrying capacity. The 
demodulator circuit is also a push-pull grid-bias vacuum 
tube circuit in which the voice-frequencies are derived 
by the modulation of the sideband currents with a 
carrier frequency supplied by the local oscillator, ad- 
justed accurately to synchronize with the frequency of 
the corresponding transmitting modulator at the 
farther terminal. It is obvious, of course, that if the 
carrier frequencies of the modulator and the corre- 
sponding demodulator of the same channel are not in 
sufficiently close agreement, there will be a serious dis- 
tortion of the speech currents received over the channel. 
No difficulty is experienced in keeping these two oscilla- 


tors within a frequency difference of from 10 to 20 


cycles. This has been found quite adequate. 


LINE CONSIDERATIONS 
Because of skin effect in the wires and rising losses 
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the band filters, thence they pass to their respective 
demodulator circuits, are demodulated to their original 
form and finally pass from the output connection of 
the hybrid coil to their terminations. 

Fig. 2 (Fig. 3 of the complete paper) shows dia- 
grammatically in somewhat greater detail the terminal 
circuits of the type C system. The modulator circuit 
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in the insulators, the attenuation of the open-wire 
circuits on which carrier systems are applied increases 
steadily with frequency. Unfortunately, the losses 
of the insulators are not constant and they increase 
greatly with the presence of moisture. This brings 
about an increase in attenuation in rainy weather 
and requires the use of pilot channel apparatus in order 
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to insure the necessary stability of transmission, as 
later described. Fig. 3 (Fig. 10 of complete paper) 
gives representative attenuation frequency curves for 
the more commonly employed gages of wire. 

If care is not observed the carrier currents on the 
line may be interfered with by cross-talk from other 
carrier systems or by miscellaneous currents which 
enter the circuit by induction from the outside. The 


latter may manifest themselves as noise at the carrier. 


terminals. By the exclusive use of a metallic circuit, 
adequate design of apparatus and care in the layout of 
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the systems, it is possible to insure that the carrier 
currents have the required margin over the noise 
currents. 

In the matter of cross-talk between systems closely 
adjacent on the same line, the situation is alleviated by 
providing two frequency allocations, (see Fig. 5 
of the complete paper). These are “staggered” with 
respect to one another, so that a system installed 
on one pair using so-called N frequency allocation has 
less cross-talk to and from a system installed and 
operating on an adjacent pair and using the so-called 
S frequency allocation than would be the case if both 
systems employed the same allocation. 


REPEATERS 


Repeaters must be employed when the distance 
exceeds that for which the terminal transmitting ap- 
paratus is effective in maintaining the transmission 
level well above the line noise. Repeater station 
spacings vary from 150 to 300 mi. depending on cir- 
cumstances. A schematic diagram of a repeater 
station is shown on Fig. 5 (Fig. 6 of the complete paper). 
An amplifier similar to that employed at the terminals 
amplifies the several channel currents simultaneously. 
The use of directional filters whereby the channel 
frequency ‘bands of the opposite directions are kept 
apart in their respective amplifier circuits makes 
possible the use of the substantial amplification or 
"gain" needed to offset the relatively high line attenua- 
tion. Equalizers as shown provide the non-uniform 
frequency-amplification characteristic required to offset 
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the rising frequency-loss characteristic of the line 
circuits. 
PILOT CHANNEL 

As previously noted, the attenuation of open-wire 
line circuits of substantial length is markedly affected 
by weather conditions. Thus it becomes necessary 
to make occasional gain adjustments throughout the 
system. The extent of these adjustments is determined 
by means of the pilot channel which provides a visual 
indication of the transmission levels at repeater points 
and terminals without interfering with the speech 
currents over the channels themselves. It is in effect 
a separate constant-frequency carrier channel allocated 
between certain speech channels in each transmission 
group. 

The operation of the pilot channel is relatively simple. 
At each repeater point and receiving terminal there 
appears a meter for registering the level of the pilot 
current at the output of the amplifier. The pointer 
of the meter isexpected, normally, to restat a point which 
represents the normal level layout of the system. Ifa 


change in the attenuation of the line circuit causes a 
departure in the transmission level, the meter reading 
shows a corresponding up or down indication, and by 
adjustments of the repeater or terminal amplifier 
potentiometers, the level may be returned to normal. 


An alarm circuit also is provided at the receiving ter- 
minal, so that when the level has departed by more than 
a predetermined amount from the desired normal, the 
operating attendant is called in to make an adjustment. 

Fig. 6 (Fig. 8 of the complete paper) shows schemati- 
cally the principal features of the pilot channel terminal 
circuit as a whole. An oscillator at each transmitting 
terminal providing the pilot current is connected 
to the carrier circuit at the input to the transmitting 
amplifier (see Fig. 1). 'The pilot channel indicator 
circuits are bridged across the outputs of the amplifiers 
at receiving terminals and repeater points. The 
circuit is tuned to discriminate very sharply against 
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all but the pilot current frequency. The alarm circuit 
includes a delay circuit which protects against possible 
slight transient interference into the pilot channel from 
currents in the other channels of the system and 
thereby insures that the alarm indicates only a definite 
level change. 


EQUIPMENT PROBLEMS AND TYPICAL INSTALLATIONS 


Like the development of toll cables, the increasing 
use of carrier telephony as a substitute for line con- 
struction in providing toll facilities on long circuits 
has resulted in further increasing the proportion of the 
plant investment represented by the equipment within 
the offices. The type C equipment is mounted on 
panels employing a uniform dimensional system in a 
manner similar to the other recent telephone develop- 
ments. This has had advantages not only in giving the 
desired uniformity in design but in permitting grouping 
arrangements which have aided in effecting adequate 
electrical separation between apparatus units as well 
as between the wiring. 


CONCLUSION 


The carrier systems are meeting successfully and 
economically the requirements of long distance tele- 
phone service. From what has been written, however, 
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it is evident that the apparatus is by its nature complex 
and to a fair degree expensive so that for relatively short 
distances it is cheaper to string wire. Systems are 
operating for distances of 150 mi. and upwards. The 
availability of the improved type C system within the 
last few years has greatly stimulated the application 
of carrier telephony in the Bell System. Fig. 10 (Fig. 1 
of the complete paper) shows the growth of the systems 
since their first commercial application in 1918. How 
these systems are distributed over the lines of the 
Bell System is shown on Fig. 44 of the complete 
paper. The heavier density of use occurs in the middle 
and western sections of the country and in general 
where the circuit demand and growth have not yet 
reached the large figures required to justify the in- 
stallation of toll cables. 

While considerable progress has been made in the 
development and application of these carrier systems 
since the beginning of their use about 10 years ago, 
there is obviously still much to be done in the matter 
of simplification and further use of the high-frequency 
spectrum. While the systems now in use in the field 
employ frequencies no higher than approximately 
30,000 cycles, frequencies considerably higher than 
this can undoubtedly be economically employed. 
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Application of Wound Type Current 
lransformers Installed in High- Voltage Oil 
Circuit Breaker Tanks 
BY J. C. REA: 


Associate, A. I. E. E. 


Synopsis.— Wound type current transformers installed in the 
tanks of high-voltage oil circuit breakers have been in operation for 
many years. The experience gained during this period has resulted 
?n fairly clear definitions as to the types of installations to which they 
are best suited, and (o designs of transformers which are highly 


N the early stages of the electric power industry 
the oil circuit breaker made its appearance as a 
solution of the problem of interrupting circuits under 

load and it was not surprising that efforts were soon 
made to develop automatic mechanisms which would 
cause the circuit breaker to open itself on over-current. 
Some of the earliest forms of devices for performing this 
duty took the form of solenoid coils connected in series 
with the circuit controlled by the circuit breaker. 


l. Chief Engineer, Pacifice Eleetrie Mfg. Co., San Francisco, 
Calif. 

Presented at the Northeastern District No. 1 Meeting of the 
A. I. E. E., New Haven, Conn., May 9-12, 1928. Complete 
copies upon request. 
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reliable. The purpose of this paper is to present a brief history of 
some of the developments leading up to the present application of 
wound type current transformers in circuit breakers and to indicate 


some of the conditions under which they offer special advantages. 
* * * * * 


Devices of this nature all had the serious defect 
of requiring very delicate adjustments because the 
amount of energy available was very small. They also 
lacked a satisfactory means for varying the time delay. 

These defects were readily overcome by the use of 
current transformers connected to suitable relays. The 
desired time delay characteristics were obtainable 
with this combination and additional features such as 
differential protection, reverse power control, etc., 
could also be obtained. In many cases, however, 
the current transformers added a very considerable 
item of expense to the installation, particularly in the 
higher voltages. 

The use of the entrance bushing on the oil circuit 
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breaker offered a means to provide insulation for the 
primary circuit of the current transformer, eliminating 
one of the heaviest items of expense in connection with 
its use. These means were used either by applying a 
bushing type transformer in which the primary winding 
was formed by the conductor passing through the bush- 
ing, or a transformer with a primary coil wound on the 
core and mounted in the oil circuit breaker tank. 


EARLY FORMS OF TRANSFORMERS 


An early form of transformer of this type was 
designed for use with circuit breakers having dimensions 
already established. It was necessary to make the 
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Fic. 1—73-Kv. Oir Cincvuir BREAKERS WITH MODERN WOUND 
TRANSFORMER 


primary coil as small as possible and to aid in obtaining 
this result, the secondary coil was placed on the leg of 
the core opposite to that on which the primary coil was 
located. The core was given an equal amount of 
insulation, both from the primary and the grounded 
secondary coil, so that the dielectric stress on the insu- 
lation at the primary coil was considerably reduced 
from that which would have existed if all of the insula- 
tion has been applied at one point. Transformers of 
this type were applied to oil circuit breakers ranging 
from 22,000 to 110,000 volts. 


The accuracy of ratio and phase angle of these trans- 
formers with wound primary coils was not sufficient to 
permit their application to metering. 


Further development was made possible by in- 
creasing the space available inside of the tanks, per- 
mitting the physical dimensions of the transformer 
to be increased. Improved electrical characteristics 
were obtained by mounting the primary and secondary 
coils concentrically .upon one leg of the core and 
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increasing the number of ampere-turns and cross- 
section of core. The characteristics thus obtained 
made the transformer suitable for metering. The 
mechanical strength of the transformer as a unit, and 
also of its mounting in the oil cireuit breaker, were 
also greatly improved by this construction. 

The insulation between the primary and secondary 
coils presents a rather unusual problem because of the 
possibility of the transformer being operated, at times, 
in oil of reduced dielectric strength. It is also neces- 
sary to provide for a possible accumulation of carbon 
and other deposits which may adhere to the surface 
of the insulation. 


A type of construction for the major insulation 
which has proved highly satisfactory consists of 
concentric tubes of laminated phenol compound sup- 
ported on rings of the same material. Shoulders are 
turned on the tubes and the supporting rings are 
pressed against them so that the tubes cannot slip 
along their axis. The free circulation of the oil between 
the tubes is insured by perforating the supporting 


Fic. 2—CowPanisoN OF 132-Kv., 73-Kv., 37-Kv., AND 25-Kv. 
TRANSFORMERS 


rings. This construction provides for a very long 
leakage path between the primary coil and ground. 


Additional leakage surface is obtained by applying 
a porcelain tube with a corrugated flange at each end 
of the Bakelite insulating tube. 


MODERN DESIGNS OF TRANSFORMERS 


Figs. 1 and 2 show typical transformers of this con- 
struction. The outer coil is the primary which in the 
transformer illustrated is wound in two sections. Links 
are provided to permit the sections to be connected, 
either in series or parallel to obtain two different ratios. 
The secondary coil is wound on a tube which fits against 
the core, directly under, and concentric with the 
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primary coil. The secondary leads can be seen, 
running out to the secondary terminal block at the top 
of the transformer. The symmetrical arrangement 
of the coils limits the mechanical forces due to heavy 
primary currents to a minimum. 

The mounting of a current transformer in an oil 
circuit breaker tank calls for particular care because of 
the mechanical shocks to which the transformer is 
subjected during the interruption of the circuit by the 
oil circuit breaker. It has been found that if very 
substantial support is given to the core of the trans- 
former, it will withstand these shocks without sustaining 
injury. 

Fig. 1 shows a typical mounting of one of these trans- 
formers in a multiple break oil circuit breaker of the 
rotary type. The core is held rigid by a bracket 
which is secured to the cover of the oil circuit breaker. 
The primary coil is in turn fastened to the lower end of 
the entrance bushing by means of heavy copper links. 
The location of the transformer relative to the contacts 
of the breaker is such that it is at no time endangered 
by proximity to the arcs, which are drawn upon opening 
the breaker. In extreme cases where the number of 
instruments to be operated exceeds the capacity of 
one transformer, two of these transformers can be 
mounted in each phase of the oil circuit breaker. In 
this ease, one transformer is applied to each of the 
entrance bushings. 

In some of the earlier transformers of this type 
trouble was experienced due to surges causing a failure 
of the insulation between turns in the primary coil. 
Various protective devices were tried. It was found 
that by applying very generous insulation between 
turns on the primary, all trouble from this source was 
eliminated and that protective devices to shunt the 
surges across the primary coil were unnecessary. 


APPLICATIONS 


The application of wound type current transformers 
in the tanks of oil circuit breakers is particularly ad- 
vantageous in meeting two distinctly different require- 
ments. One of these cases is where it is necessary to 
operate watt-hour meters for measuring small amounts 
. of power, where the required accuracy cannot be ob- 
tained from bushing type transformers. The second 
use to which these transformers can be very advanta- 
geously applied is.to operate tripping relays where the 
primary current is low and the secondary burden on 
the transformer is high. 

For the first case, Fig. 3 shows the ratio and phase- 
angle curves obtained with this type of wound trans- 
formers when operating with burdens of 0.1 ohm 
resistance 0.13 uh. or approximately 214 volt-amperes, 
90 per cent power factor, and of 0.6 ohms resistance 
0.7 uh. or approximately 15 volt-amperes, 90 per cent 
power factor. These curves are characteristic of the 
type of transformers herein illustrated, over their total 
range of 5/5 ratio to the upper limit of 400/5 ratio. 
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Where extreme accuracy is needed, the ratios can be 
adjusted by turn compensation to get zero error at 
any per cent of primary load desired. This is ac- 
complished by the use of two parallel secondary 
windings having an unequal number of turns. By 
choosing a suitable combination of turns for these 
secondary coils, the ratio for a given primary current 
and burden can be adjusted to any desired value 

For the second case, Fig. 4 shows the relation between 
primary and secondary amperes of a conventional 50,5 
ratio (10 secondary turns) bushing type transformer 
and of a wound type transformer of the same ratio. 
A rating somewhat below that generally considered 
the minimum for bushing type transformers was 
chosen so as to magnify the differences between the 
two types of transformers. 

A point that is occasionally overlooked in the appli- 
cation of induction type over-current relays to current 
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X 2.5 Volt-amperes, 90 per cent power-factor burden 
Y 15 Volt-amperes, 90 per cent power-factor burden 


transformers is the excessively high burden which they 
impose on the transformer when they are connected 
on the low-current taps. A type of relay frequently 
used with bushing type current transformers has a 
nominal rating of two volt-amperes at the tap current. 
If such a relay is connected to the transformer and 
operated on the two ampere tap the impedance of the 
relay alone is approximately equivalent to a burden 
of 12.5-volt amperes at five amperes secondary current 
of the transformer. 

The usual installation of high-voltage oil circuit 
breakers, requires a considerable length of wire to be 
run between the current transformers and the relays. 
Using No. 10 copper wire for the secondary leads, the 
volt-ampere burden added by the wire is approximately 
five volt-amperes for each 100 ft. of distance between the 
transformer and relay. The curves marked W Y and 
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R Y in Fig. 4 would be those resulting from the use of 
a two volt-ampere induction type relay connected on the 
two-ampere tap and mounted 50 ft. from the oil circuit 
breaker. Using a 50/5 ratio transformer it would be 
expected that the relay would trip the breaker at a 
minimum of 20 amperes, primary current. The chart 
shows, however, that while this would be true with the 
wound type transformer it would require a minimum 
of 30 amperes primary current to operate the relay from 
the bushing type current transformer. Approximately 
the same burden would be obtained with a 12-volt- 
ampere relay connected on the five-ampere tap, or a 17- 
volt-ampere relay connected on the six-ampere tap, 
when either relay is located 50 ft. from the current 
transformer. 


The curves marked W Z and R Z are those obtained 
with a secondary burden of 50 volt-amperes, 50 per 
cent power factor. Approximately this amount of 
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W Y 
W Z 
R Y 
RZ 


Wound transformer 15 volt-amperes burden 
Wound transformer 50 volt-amperes burden 
Bushing transformer 15 volt-amperes burden 
Bushing transformer 50 volt-amperes burden 


burden would be imposed by a two-volt-ampere relay 
connected on the one-ampere tap or a 17-volt-ampere 
relay connected on the three-ampere tap, either of these 
being located 50 ft. away from the circuit breaker. 
In this case, the bushing type transformer would require 
more than twice the primary current to operate the 
relay than that required by the wound type current 
transformer. 


It will also be seen that the ratio of the bushing type 
transformer varies considerably throughout the range of 
primary currents and that it becomes very bad at 
from five to eight times normal current, whereas the 
wound type transformer has a very small error until 
the primary current rises to around 20 times normal. 
This characteristic of the wound type transformer 
makes it particularly suitable for use on differential 
protection of transformer banks where the charac- 
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teristics of the current transformers on both sides of 
the bank must be carefully matched in order to prevent 
the operation of the relays on heavy through short 
circuits. 

The upper limit of ratios at which it is desirable to 
apply the wound type current transformer in circuit 
breaker tanks is fixed by two considerations. The 
one is a mechanical, and the other an electrical limita- 
tion. The duty required of the circuit breaker for 
rupturing heavy currents usually varies somewhat 
in proportion to the current which will normally be 
carried by the breaker. The mechanical strains placed 
on the transformer are greatly increased where the 
circuit breaker is used to interrupt very heavy currents. 
This means that even though transformers might be 
built for heavier primary currents than 400 amperes, 
their installation in circuit breakers, which are re- 
quired to carry larger amounts of current, would in 
many cases be hazardous, because of the severe shocks 
to which they would be subjected under short circuits 
and the heavy mechanical forces which would be im- 
posed on them by the explosion when the breaker 
interrupts the circuit. A second limitation places the 
400/5 ratio as a reasonable upper limit for these trans- 
formers, because the accuracy of a bushing type trans- 
former of this ratio is approximately as good as that 
of the wound type transformer. 


Figs. 5, 6 and "7 show the comparison between ratio 
and phase-angle curves of a conventional 400/5 ratio 
bushing transformer and of the wound type transformer 
of the same ratio. The curves have been plotted on 
semi-logarithmic scale so as to condense the portion 
of the chart beyond full-load primary current. The. 
curves in each case were taken without compensating 
the transformers for the particular burden. This 
permits direct comparison to be made from one chart 
to the other to observe the effect of changing the 
secondary burden on either transformer. These curves 
show that for a very low burden, the bushing type 
transformer has a better ratio but poorer phase angle 
than the wound transformer; and that if the burden is 
increased, the wound type transformer has much better 
characteristics than the bushing type. 


CONCLUSIONS 


1. Experience has shown that wound type trans- 
formers can be safely installed in the tanks of high- 
voltage circuit breakers, in many cases, at a very 
substantial saving of cost over externally mounted 
transformers. 


2. For heavy secondary burdens these transformers : 
can be built to give characteristics that are much 
better than those of bushing type transformers where 
the ratios are less than 400/5. 

3. For light burdens the wound type transformers 
offer means of obtaining characteristics which are 
suitable for metering at low ratios where bushing type 
transformers would be entirely unsatisfactory. 
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Surge Voltage Investigation on the 132-kv. 


Transmission Lines of the American Gas and Electric Company 


BY PHILIP SPORN: 


Member, A. I. E. E. 


Synopsis.— Data on the surge voltage investigation, carried out 
under the auspices of the Subcommittee on Lightning, on one of 
the 132-kv. lines of the American Gas and Electric Company during 
1928, are presented. Most of the surges have been segregated as to 
cause, and plotted in summary form for more convenient use. The 
magnitude and character of recorded surges are discussed, and the 
conclusions drawn from data presented. 

Information on voltage surges dueto lightning, switching, trip-outs, 
and unknown causes, are presented, as well as records of lightning 


I. INTRODUCTION 


N carrying out the work of the Subcommittee on 
Lightning of the A. I. E. E. Committee Trans- 
mission and Distribution, with the author as 

secretary, an extensive klydonograph layout was 
planned and placed in operation during the lightning 
season of 1927, on the 132-kv. system of the American 
Gas and Electric Company. This work, started 
under the sponsorship of the Subcommittee on Light- 
ning, was made possible by the cooperation of the 
General Electric Company, the Westinghouse Electric 
and Manufacturing Company, and the American Gas 
and Electric Company, and it's subsidiaries; namely, 
the Ohio Power Company and the Appalachian Electric 
Power Company. 


This paper presents some of the first data obtained 
from investigation on one part of the system. It 
is planned to combine with all the 1927 work data 
from other parts of the system where investigation 
was made together with results secured from the 
continuation of tests during 1928, and present it later 
as a complete report by the Lightning Subcommittee. 


II. SYSTEM INVESTIGATED 


In selecting a system on which to carry out this work 
during 1927 the Lightning Committee decided that the 
132-kv. Philo-Canton line of the American Gas and 
Electric Company was particularly well suited, as a great 
deal of lightning trouble had been experienced when 
this line was first placed in service.? After careful study, 
it had been supplied with protectiveequipment designed 
to minimize lightning troubles; and it was situated in a 
section of the country where lightning storms were 
known to be unusually severe. 


1. American Gas and Eleetrie Company, New York, N. Y. 

2. Lightning and Other Experience with 132- Kv. Steel Tower 
Transmission Lines, Sindeband and Sporn, A. I. E. E. TRANS., 
Vol. 45, 1926, p. 770. 

Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25-29, 1928. Complete copies upon request. 


arrester discharge currents, voltages across choke coils, and on the 
ground wire. 

This paper is presented to make available to the engineering 
profession at this time some of the information already obtained, 
pending the complete report of the Subcommittee on Lightning. 
As ezperimental work is still being done in the field during 1925, 
anything approaching a complete report cannot be made until next 
year. 


The Philo-Canton line is a 73-mi. double-circuit 
A. C.S. R. conductor line, with wires in vertical 
configuration, one circuit on each side of the tower. 
The line is equipped with ring and horn protection on 
all insulator strings, and with one ground wire at the 
peak of the tower. This line is in Ohio, parallel to, and 
about 50 mi. west of the Ohio River. The 132-kv. 
system is operated with solidly grounded neutral, the 
only ground on the Philo-Canton line being at the 
Philo end. 

In carrying out the program, tests were made also on 
a 132-kv. lightning arrester at the Turner substation 
located in Charleston, West Virginia. 

This paper covers only results obtained on the Philo- 
Canton line and on the lightning arrester at Turner 
Substation. 


III. ScoPE OF INVESTIGATION 


In planning the installation of instruments, locations 
were so chosen that it was expected valuable informa- 
tion would be obtained on the following: 

Choke coil effectiveness 

Ground wire protection 

Polarity of lightning 

Transient voltages on the ground wire 

Functioning of lightning arresters 

Attenuation of voltage surges 

Voltage change at termination of ground wire 

Switching surges 

Action of tower ground resistance during insu- 
lator flashover 

10. Relative surge voltages on symmetrically placed 

parallel conductor 

The first instruments were placed in service May 10, 
1927, and the major part of the installation completed 
about June 15. The investigation as a whole was 
concluded October 16, 1927, although some of the 
instruments at the stations, where they were accessible, 
were continued in operation throughout the winter of 
1927-1928. 
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VII. DATA OBTAINED AND ANALYSIS 


During the period of instrument operation, up to 
October 16, 1927 approximately 3600 Lichtenberg 
figures, resulting from 550 surges, were obtained on 
the Philo-Canton section of the system. These surges 
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were classified and regrouped so that a detailed study 
might be made of any particular type of surge. On the 
Philo-Canton line, these surges have been classified 
according to cause, as follows: 


TABLE I 
Excluding 

slightly 

Total damped 
Unknown origin............................ 295 272 
Outside switching..................... esee 29 20 
Pure switching surges.................. eee 101 101 
Lightning surges...............20 2c cee eee 166 96 
Combined lightning and switching............ 6 4 
Lightning arrester discharges................. 40 40 
Ground wire surges......................... 68 68 


Outside and Pure Switching Surges. For more con- 
venient study, the surge data have been assembled 
into summary curves, two of which are shown in Fig. 10. 
The lower curve applies to outside switching surges and 
shows that of 26 surges the maximum was 1.8 times nor- 
mal and that 50 per cent of them were over 1.4 times 
normal. Outside switching surges are classified as sur- 
ges originating from switching on parts of the system 
other than where instruments are located. In some 
cases, surges were caused by switching on the secondary 
side of the transformers connected to the 132-kv. line. 
This type of surge has also been included in this curve. 

The upper curve of this Fig. 10 shows the results of 
101 pure switching surges with maximum recording 
value of 5.2 times normal. These surges have been 
segregated as to nature, showing 9 positive, 12 negative, 
and 80 highly damped. Two points of the curve have 
been marked, indicating the maximum recorded voltage 
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on energizing; also on deenergizing the line. "These two 
points were the results obtained on four separate 
switching tests of the Philo-Canton line, in which 
surges caused by energizing and deenergizing the line, 
as well as switching load at Newcomerstown, (the 
approximate half-way point of the line), were separated 
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Fic. 12—Pure Line SWITCHING SURGES 


May 10 to Oct. 16, 1927 
Philo-Canton 132-kv. line 
Deenergized at Philo station 


by one-hour intervals. In the earlier part of the tests 
it was found that lightning and switching surges 
occurring at the same time caused some confusion due 
to the absolute impossibility of separating the switching 
part of the surge from the lightning part. It was 
therefore decided to separate the switching surges by 
one-hour intervals in a prearranged test, and in this way 
to study the effects of switching load, deenergizing the 
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line, and energizing the line. Results show that the 
maximum recorded surge occurred on deenergizing the 
line and was 4.8 times normal. On energizing the line, 
the maximum surge was 2.3 times normal. 

To show the effect of the switching voltage through- 
out the entire length of the line, the records obtained 
on three of these switching surges are shown in Figs. 12 
and 13. The point of interest is that the switching 
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Fic. 13—Pure Line SwircuiNGa SURGES 


Philo-Canton 132-kv. line on July 30, 1927—11.00 p. m. 
Deenergized at Canton station 


surge travels with apparently little change in the 
voltage throughout the entire length of the line. The 
irregularities in the curves are probably within the 
limits of accuracy in the instruments, and it will be 
noted that the distinct tendency of higher voltages at 
either end of.the line is due to reflection. 

Surges of Unknown Origin. Surges of unknown 
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origin on the Philo-Canton line are shown graphically 
in Fig. 11. While there were 272 surges for which no 
cause could be found, it will be noted that these never 
exceeded 2.5 times normal and only five per cent of them 
exceeded two times normal. This type of surge can be 
dismissed as being unimportant in magnitude, although 
constituting a comparatively large number of voltage 
changes on the line. 

Lightning Surges. The 96 lightning surges on the 
Philo-Canton line are summarized in Fig. 14. The 
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maximum surge indicated is 4.4 times normal and 50 
per cent of the surges are above one and one-half times 
normal. These surges have been segregated as to 
nature predominating in each surge, as follows: 25 
negative, 42 positive, and 29 highly damped. 

Lightning and Lightning Surges. The four lightning 
surges on the line causing line trip-outs gave maximum 
voltages of 5.0 and 3.7 times normal to ground. ‘These 
were slightly damped surges, and it is believed may have 
been caused by the switching surge following the light- 
ning voltage flashover. The other two surges recorded 
a maximum of 5.4 and 6.2 times normal, but both being 
SD figures, the results were not seriously considered. 
Since lightning voltages more than double the values 
above recorded are necessary to cause insulator flashover, 
itisclear, even with a fairly large number of instruments 
ontheline, that thereisnocertainty that anything likethe 
maximum voltage on the line will be recorded. As 
sections of line in the order of 25 mi. existed where no 
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surge recorder was located, this shows that the light- 
ning voltages did not travel with destructive values any 
great distance. This characteristic of the lightning 
surge is distinctly different from the switching surge. 

Voltage Drop Through Choke Coils. The attempt to 
measure the voltage drop through choke coils was rather 
ineffective on account of the existence of SD figures 
in the records. However, of 10 lightning surges (no 
SD figures included) on four surges, the bus side of the 
choke coil was the higher averaging nine per cent 
higher than the line side, and on six surges, the line side 
of the choke coil was higher, averaging 2514 per cent 
higher voltage than on the bus side. It can only be said 
that a tendency exists as indicated for the choke coil 
to reduce the lightning voltage originating on the line 
in the order of 25 per cent, but it is not felt that sufficient 
data on this subject have been obtained to finally prove 
the effectiveness of the choke coil. 

Lightning Arrester Data. The data on all six light- 
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ning arresters are summarized in Fig. 15. The only 
record of current discharge in the arresters was obtained 
at Newcomerstown and Turner Substations. No 
records were obtained at Philo or Canton on lightning 
arresters due apparently to the arrester not discharging, 
although the instrument was set up to record a current 
as low as about 150 amperes in the neutral leg. In 
Fig. 15 it should be noted that the current and voltageare 
not simultaneous readings. Forty lightning arrester 
discharges were recorded; 21 were positive, 11 were 
negative, and 8 were highly damped. Of the light- 
ning discharges, 12 were positive, eight negative, and 
four highly damped. Of the switching discharges, one 
was positive and one negative. Of the discharges due 
to unknown causes, nine were positive, two negative, 
and two highly damped. One discharge due to an 
arcing ground registered minus 360 and plus 410 
amperes, being of a highly damped nature. An attempt 
to plot a curve of current against voltage recorded 
resulted in a shotgun curve of little value. It is felt 
that considerable more work will have to be done in 
securing lightning arrester data before any definite 
conclusion is arrived at. 

Lightning Surges on Parallel Circuits. The data 
secured at instruments located on the top wires of the 
two Philo-Canton lines (eliminating SD figures) gave 
nine surges, including four positive, two negative, 
and three highly damped. The ratio of the two lines 
at any point varied from 0.80 to 1.25, averaging 1.03. 
The minimum voltages occurring during these surges 
were in the order of from 120 kv. to 140 kv. minimum to 
340 to 400 kv. maximum. Here, again, the data are 
too meager to prove definitely that the induced voltages 
on the two wires are equal; but this tendency isindicated. 

Tower Base Voltages. At Station 43, where an instru- 
ment was located to determine the voltage between the 
tower base and ground, no records were obtained during 
‘the season. It should also be noted that at this tower 
there were no flashovers of the line. 


VIII. CONCLUSIONS 


1. The choke coils reduced the recorded lightning 
voltage in the order of 25 per cent, although tests on 
this feature are not sufficiently extensive to prove this 
statement conclusively. Reflections at the coke coil 
may also have had a decided effect in altering the 
incoming voltage wave, so that this 25 per cent may not 
have been an actual reduction of the initial wave. 


2. The protective value of the ground wire could 
not be proved conclusively from the data, due largely 
to the presence of SD figures in the records. It is 
planned to continue this investigation the coming year. 


3. The record on instruments at the time of line 
trip-outs due to lightning (maximum 5.0 times normal 
voltage is found) indicates that the voltages higher than 
recorded must have existed on the line for flashover to 
have occurred. This brings up the point that surge 
recorders must be placed in generous numbers on a line 
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to thoroughly study line performance. There is 
further indication from these data, that lightning 
voltages do not travel a great distance. Otherwise 
there would have been recorded high voltages on some 
of the surge recorders. | | 

4. 'The polarity of lightning surges indicated a 
preponderance of positive impulses. Of 96 surges, 42 
were positive, 25 negative, and 29 highly damped. 

5. Transient voltages on the ground wire at the 
tower were recorded as high as 8200 volts negative 
during a lightning storm, and in all cases were of the . 
order of 3000 to 4000 volts. These surges were recorded 
at times of lightning storms and switching; in some 
cases no cause could be found. This relatively lower 
voltage on the ground wire compared with the higher 
voltage on the line is positive evidence of the effective- 
ness of the ground wire in reducing the impulse voltages 
on the line itself. 


6. Lightning arrester discharges in all cases were of 
the general order of 200 to 400 amperes, although two 
cases were recorded as high as 1260 and 2620 amperes. 
Measured currents were in all cases the sum of the 
currents in all three legs of the arrester. The highest 
recorded current was negative; the 1260 ampere value 
was highly damped, being initially negative. 

7. Attenuation of lightning surge voltages failed to 
give any conclusive results chiefly on account of the 
presence of SD figures. 


8. The attempt to determine voltage changes at the 
termination of the ground wire was not very successful 
due principally to insufficient reliable data and the 
proximity of the test point to the substation where the 
numerous changes in surge impedance introduced the 
question of reflected waves. 


9. Switching surges have been recorded as high as 
5.2 times normal, which seems to be in general agree- 
ment with previous results. Over 50 per cent of the 
switching surges were of the order of two and one-half 
times normal to ground or higher. By isolating switch- 
ing surges in four special tests, it was shown that the 
surge voltage on deenergizing the line was approxi- 
mately twice as great as on energizing the line. Switch- 
ing surges are mostly of a highly damped nature, as 
shown by the data. 


10. During the tests, no voltage was recorded be- 
tween the base of a tower and ground, although the 
voltage at the peak of the tower to which the ground 
wire was attached indicated surge voltages up to 
8200 volts. 


11. The relative lightning voltage on parallel 
conductors is shown to be equal, although the data are 
too limited to prove this point definitely. 


12. It was shown that the two types of surge re- 
corders are equally reliable from the point of view of 
measuring surges; but it was also shown that the type 
of coupling employed to connect the instruments to the 
line must be carefully studied and selected or erroneous 
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conclusions may result. This point is clearly shown 
from the experience at Tower 172, Stations 20, 21, 22 
and 23. 

13. It is believed that this investigation has resulted 
in some new information, some confirmatory, and some 
negative. All this information is valuable, although a 
great deal more data must be obtained to properly solve 
the lightning problem. With this data and the data 
it is hoped will be obtained during the year 1928 light- 
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ning season, it is believed some further light will be 
thrown upon the lightning voltage situation. 
Acknowledgment is due to various men in the 
organization of the General Electric Company, the 
Westinghouse Electric Manufacturing Company, the 
American Gas and Electric Company, the Ohio Power 
Company, and Appalachian Electric Power Company, 
who participated and helped in the work of this 
investigation. 
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Synopsis.—] mproved forms of drive for cotton cards and roving 
frames have until recently, received less attention than most other 
applications in the textile industry. In this article there is a 


NLY within the past few years has particular 
attention been paid to the development of in- 
dividual motor drives for the cards and roving 

frames of cotton mills. 


Probably the reasons for this delay are that the ad- 
vantages were not recognized and the applications of 
individual drives were less simple than for other forms 
of cotton mill machinery on which individual drives 
have been used successfully for many years. 


The carding process is the second one in the manu- 
facture of cotton yarn. In the first process, the baled 
cotton is loosened, cleaned of trash to a certain extent, 
and delivered in the form of a lap, or rolled up sheet of 
loose cotton, usually 40 in. wide. The card removes 
still more of the dirt, and tends to straighten and 
parallel the individual fibers of the cotton. Stock is 
delivered from the card in the form of sliver or a soft 
strand of cotton approximately one inch in diameter. 


Following the card comes the drawing process, in 
which multiple strands of sliver are drawn again to one 
strand. This doubling and drawing action tends to 
eliminate irregularities and further parallels the fibers. 


The next are the roving processes. Two to four 
processes are used depending upon the product. The 
soft untwisted sliver is doubled and drawn to a much 
smaller diameter, and each process puts in a little twist. 
From the roving frames, the stock goes to the spinning 
frames, where it is finally drawn and twisted to form 
the yarn. 


1. Textile Engr., Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. 


Presented at the Regional Meeting of the Southern District No. 4 
of the A. I. E. E., Atlanta, Ga., Oct. 29-31, 1928. Complete 
copies upon request. 
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discussion of the forms of drive available for three classes of machin- 
ery, together witha discussion of the factors which must be considered 
an selecting a drive under particular conditions. 


CARD APPLICATION REQUIREMENTS 


In construction, the principal elements of a card 
are two heavy cast iron cylinders known, respectively, 
as the main cylinder and the doffer. The main cylinder 
is 50 in. in diameter and 40 in. wide, revolving at a 
speed of from 160 to 180 rev. per min. The doffer 
cylinder is smaller in diameter and revolves at a much 
lower speed. Cotton is carried by fine wire points on 
the surface of the main cylinder past stationary wire 
points, and it is this action which tends to straighten, 
or comb out the fibers. 

Polyphase a-c. motors, rated at 114 to 2 hp. and 1160 
rev. per min., have been adopted generally for in- 
dividual card drive application, the motors being 
mounted on brackets attached to the cards with gear or 
chain drive to the main shafts. The motor is designed 
to have a starting torque of about 250 per cent of full- 
load torque, which is more than is necessary to overcome 
the static friction. Without this fairly high torque, 
the period of acceleration would be unduly long, owing 
to the inertia of the cylinders. As customarily installed, 
the starting period is from 18 to 22 sec., which has 
proved to be entirely satisfactory. 


At times, in order that the fine wire points may be 
ground, it is necessary to reverse the direction of rota- 
tion. In addition, the card must be stripped from two 
to four times a day. This work consists in removing 
from the bases of the fine wire points the accumulation 
of cotton and dust. Naturally, the application of 
individual drive to a card must be capable of properly 
meeting the additional requirements of reversing and 
stripping. 

ROVING FRAME APPLICATION REQUIREMENTS 

Roving frames handle stock which is in a very soft 
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condition. There is very little twist,—consequently, 
little strength—making it necessary to guard against 
unevenness in the application of torque. 

Motor drives for roving frames fall into the two 
general classes of group and individual drives, and there 
are two types of each employed. As to group drives, 
there is the usual form of large group drive and the four- 
frame drive in which frames are belt-driven directly 
from pulleys on the motor shaft. Low-speed motors 
are used for this service. 

As to individual drives, one system employs a motor 
which runs continuously. The frame is started and 
stopped by operating a clutch between the motor and 
the frame shaft. The other system makes use of a 
motor driving directly to the machine. In this case 
the motor must start and stop with the frame. 

The foregoing discussion gives, in a brief way, the 
general driving requirements of carding and roving 
machinery and the forms of drive which are available. 
Let us now consider the factors which enter into the 
problem of selecting the form of drive to be used for 
any particular case. 

In an old mill being changed from engine to motor 
drive, there are many considerations which are not 
involved in planning drives for a new mill or for 
machinery to be added to an old mill. The following 
discussion of factors affecting the selection of drive 
applies particularly to the equipment of new mills, or 
the addition of machinery to old ones where provision 
for driving must also be added. 


CHARACTERISTICS OF CARD DRIVES 


In connection with cards, there are the two general 
systems of drive. In the following discussion the 
advantages and disadvantages of each are considered 
under several headings. 


SPEED AND PRODUCTION 


A card with gear or chain drive will run at a constant 
and predetermined speed within very narrow limits. 
Such variations as are found are caused by slight dif- 
ferences in load. With belt drive, there is always the 
probability of slip, and while this may be overcome to a 
certain extent by allowing for it in calculating pulley 
ratios, the slip is not constant. It varies with atmos- 
pheric conditions, temperature, and condition of the 
belts. This causes a loss of production proportional to 
the degree of slip. 

The results of individual drive compared with group 
drive, with respect to speed and production, are well 
illustrated by speed studies which have been made. 
The speed of each card was taken in a number of mills. 
The mills selected were all well equipped and main- 
tained. Since ideas as to the proper speed of a card 
vary, the difference between the average and maximum 
speeds found in the same installation is taken as the 
measure of the loss of production. | 

In the group drive installations was found an average 
loss of 7.3 rev. per min. or 4.33 per cent. 

Slight variations were found also in individual drive 
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installations, and applying the same method of comput- 
ing, the average loss was 1.1 rev. per min. or 0.59 
per cent. 

The difference between these two percentages, (or 
3.74 per cent), is a fair measure of the increased pro- 
duction which may be obtained with individual drive 
as compared with group drive. 


FLEXIBILITY 


By flexibility is meant the ability to install or operate 
a machine at any time with a minimum of reference to 
other factors or conditions. Machines with individual 
motors may be installed without reference to a fixed 
shafting layout or in accordance with an arrangement 
which would make a difficult layout for shafting. Such 
machines may be operated at any time without reference 
to other machines and in case of failure of a motor or 
drive, one machine only, is affected. The question 
of flexibility is often a deciding factor where machinery 
is to be added to an old mill. With respect to flexi- 
bility the individual drive is ideal. 


FLOOR SPACE AND SAFETY 


A card with individual drive will have an over-all 
width approximately five inches more than the same 
card arranged for belt drive. The spacing with in- 
dividual drive depends upon opinion and local con- 
ditions, but since there is no exposed moving part in 
connection with the drive there may be smaller clear- 
ances between the end of a motor and the adjoining 
card. In practise, the space occupied by an installation 
of cards with individual motors will be very nearly the 
same as that occupied by the same number of machines 
driven in a group. 

Regarding safety, there is unquestionably an ad- 
vantage in favor of the individual drive. 


CLEANLINESS 
In this respect, individual drive is superior to group 
drive. Shafting and pulleys collect lint and dirt which 
must come down. If it drops onto the card or the 
stock, the quality of the output is to some extent 
damaged. 
APPEARANCE 
In this respect, individual drive is the better. Ap- 
pearance is an intangible quality, but unquestionably 
one of real importance where fine work is being done. 


MAINTENANCE 


There is little advantage to be claimed for either 
system with respect to maintenance and replacement. 
The aecessibility of the individual drive makes easy the 
good care which might in some cases have a bearing 
on the life of the equipment. 


EFFICIENCY AND POWER FACTOR 


Large motors used with group drive are more efficient 
than small ones used with individual drive, but the 
drive used in the individual installation is more efficient 
than belts and shafting necessarily used with the larger 
motors. The loss in shafting and belts will vary from 
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12 to 35 per cent, so no general comparison may be 
made. When ball-bearing hangers are used on cor- 
rectly alined shafting the over-all efficiency of the 
group drive will about equal that of the individual 
drive. When plain bearings are used, the difference 
will almost certainly be in favor of the individual 
drive. Assuming 95 per cent efficiency for the chain 
used with individual drive, and 80 per cent for the trans- 
mission used with group drive, the combined efficiency 
of the small motor and chain will be about 79 per cent. 
The combined efficiency of large motor and transmission 
will be about 73 per cent. The difference of 6 per cent 
is thus in favor of the individual drive. 

The power factor of a typical group drive installation 
will be about 89 per cent and of a typical group of 
individual drives about 78 per cent. 


Cost ANALYSES—CARD DRIVES 


With the exception of the cost element, the foregoing 
discussion covers the principal points to be considered 
in selecting a drive for a group of cards. Following are 
comparative estimates of cost. 
with driving equipment is taken as a unit. The cost 
of the unit with individual drive may be compared with 
that of the unit with group drive. Against this may be 
balanced the effectiveness of the unit as a producing 
machine when driven by an individual motor, as com- 
pared with its effectiveness when group driven. 


Card with Individual Drive: 
1—40-in. card delivered and erected............ 
Floor space occupied at $2.00 per sq. ft....... 
1— Individual card motor with switch, bracket, 
drive, guard, delivery, wiring and 
Installations Ko soda ned esee Oe ee 


$1348 


Card with Group Drive: 
1—40-in. card delivered and erected............ 
Floor space occupied at $2.00 per sq. ft....... 
Cost per card of group drive, including motor, 
switch, wiring, belting, pulleys, shafting, 
freight, and installation................. 63 


Differenee............ ce eee ccc rs $ 105 


This difference takes into account the slight addi- 
tional floor space often allowed for individual drive. 

These figures indicate that a saving of 7.8 per cent in 
first cost may be made by installing group drive and 
translated into terms of annual fixed charges at 12 per 
cent means an additonal cost of $12.60 per year for 
each card. 

On the other hand, the individual drive will handle 
at least 3 to 5 per cent more stock with given adjustment 
of machine and speed. This increase comes with no 
increased labor cost, and may result in a reduction of 
the number of cards installed for a required output 
from the carding department. Also, there is the item 
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of power consumption. In most cases the difference 
in efficiency will be in favor of individual drive. Inany 
particular case, these factors may be directly translated 
into annual savings. In addition, there are important 
intangible advantages credited to individual drive, such 
as cleanliness, flexibility, convenience, appearance, and 
safety. These are more difficult to translate into 
dollars per year, but each one has a definite value in a 
mill where quality of output is important. Each card 
will handle stock valued at from $6000 to $7000 in a 
year, based on which, these intangible qualities operate 
to offset the additional yearly fixed charge of $12.60, 
which is directly chargeable to individual drive. 


ROVING FRAME DRIVE CHARACTERISTICS 


In connection with drives for roving frames, the 
factors to be considered in selecting a drive are, in many 
ways, similar to those discussed above with regard to 
cards, except that there are three alternatives instead 
of two. A discussion of the relative merits of the three 
systems follows. 

PRODUCTION 


Production of roving machinery in general depends 
upon a proper application of power and constant and 
correct speed. 

A positive individual drive, if properly applied, will 
deliver a flow of power which will not cause the ends to 
break and which will hold a constant and predeter- 
mined speed. These conditions assure maximum pro- 
duction from each machine so far as is possible with 
respect to the drive. 

With group drive, there is an average of three belts 
between the motor and the machine. The possibility 
of variable slip in each of these drives tends to reduce 
production. 

Four-frame drive decreases the number of belts to 
one, and has a record of satifactory service. "There 
remains the possible slip in the one-belt, in addition to 
which there is the question of wear of the non-metallic 
pulleys used on the motors. "These pulleys are com- 
paratively small in diameter and with wear on the 
surface, the speed is reduced. If we assume that a 
pulley wears down } in. in the course of several 
years, there will be an average loss of production over 
this period of at least 114 per cent. 


FLEXIBILITY 


As to flexibility in operation, from a practical stand- 
point, the four-frame and the individual systems of 
drive are about equal. The four-frame drive is not . 
suitable unless there is good ceiling height. Failure of 
one motor stops four frames, while with individual 
drive, only one would be affected. 

The group drive system naturally lacks flexibility. 


CLEANLINESS 


In respect to cleanliness, the individual drive pos- 
sesses distinct advantages over the other forms of drive. 
There is no possibility of oil drip, and there is much 
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less probability of flying bits of lint alighting on the 
work. A little accumulation of lint being caught in 
the roving tends to make an enlarged place in the 
yarn, which, for even work, must not occur. 

The four-frame drive is superior in this respect to 
the group drive, but is inferior to the individual drive. 


EFFICIENCY AND POWER FACTOR 


The difference between individual and four-frame 
drive will be slight with regard to efficiency and power 
factor. Group drive will be lower in efficiency. Typi- 
cal efficiencies would be 81 per cent, 80 per cent and 
73 per cent for individual, four-frame, and group drives, 
respectively, including the loss in drives as well as in 
motors. Similarly, power factors would be 84 per cent, 
80 per cent and 91 per cent. 


APPEARANCE 


The remarks concerning appearance in regard to 
card drives apply with equal force to roving frame 
drives. 

Cost ANALYSIS—ROVING FRAMES 

The cost analysis of roving frames is not quite so 
simple as that of cards, since size and capacity vary 
widely. As a reasonable average, let us consider a 
9 in. by 41% in., 114-spindle intermediate frame with 
the various types of drive which may be applied. 


Cost or FRAME 


1—114 sp. intermediate frame delivered and erected.... $1900 
230 sq. ft. of floor space at $2.00................... 460 
PON ""—— Gras ear ea hte ee dds $2360 
Cost or Drive PER FRAME 
I 
Group drive (based upon a group of 16 frames) includ- 
ing motor, switch, wiring, shafting, belts, pulleys, 
delivery and erection................. ull uses. $ 78.60 
H 
Four-frame drive including motor, switch, belts, 
delivery and erection............... 0.0.0. cece ae $ 86.75 
III 
Individual drive without clutch including motor, 
switches, wiring, bracket, chain, delivery and 
erection PCM" ee ea a aa $169.75 
IV 
Individual drive with clutch including motor, switch, 
wiring, clutch, bracket, delivery and ereetion...... $214.40 
SUMMARY 
Cost. of Per cent Per cent 
frame and more more 
drive than I than II 
Frame and drive I..... $2438.60 0 
Frame and drive II.... 2446.75 0.3 0 
Frame and drive III... 2529.75 3.7 3.4 
Frame and drive IV... 2574.40 5.6 5.2 


Fixed charges on the additional investment in indi- 
vidual drive will range from $10 to $16 per year for one 
frame and the value of the cotton handled in a year will 
be from $30,000 to $50,000. Even very small values 
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placed upon the improvements in quality and produc- 
tion which are attributable to individual drive will 
very quickly offset the added cost of such drive. . 


SUMMARY 


To sum up the situation with respect to card drives, 
the individual drive excels in regard to more uniform 
speed and greater production, cleanliness, flexibility, 
convenience, appearance, safety, and usually better 
efficiency. 

Group drive has the advantages of slightly less floor. 
space, better power factor, and lower first cost. 


With respect to roving frames, individual drive has 
these advantages of over either four-frame or large 


group drive; more uniform speed and greater product- 


ion, cleanliness, flexibility, appearance, and safety. 


Four-frame drive may claim better speed and pro- 
duction than the large group, flexibility practically equal 
to individual drive, better appearance and cleanliness 
than the large group, and lower first cost than individual 
drive. 

Large group drive may claim low first cost. 


CONCLUSION 


From this analysis, it is evident that individual drive 
provides to the greatest degree the qualities which are 
desirable from a manufacturing standpoint. The 
principal elaim of the other forms of drive is lower first 
cost which is typical of group drive for industrial 
applications generally. As is seen above, the difference 
between the cost of a card equipped with individual 
drive is a very small percentage more than the same 
card with a group drive and the fixed charges on this 
additional cost is negligible in comparison with the 
value of the stock handled in the course of a year. 


The experience of those who have used individual 
drives or cards and roving make it clear that the value 
of the qualities peculiar to individual drive may greatly 
exceed the small difference in first cost and lead to the 
conclusion that this form of drive will be increasingly 
used by those making high quality cotton yarn and 
cloth. 


WORLD'S LARGEST ELECTRIC LAMP 


The world's largest electric lamp, a monster 50,000 
watt experimental bulb built recently is like a radio 
tube in apperance. At the top of the bulb, a radiator 
made of metal fins carries off intense heat generated by 
the white-hot tungsten filament, which has a tempera- 
ture of 5500 deg. fahr.—twice as hot as molten steel. 
The bulb is filled with nitrogen gas, whose circulation 
cools it and carries upward into the radiator evaporated 
or thrown-off tungsten particles from the filament, 
thus preventing blackening of the walls. 

Although the present lamp is intended simply for a 
test by its designer such huge lights ultimately may 
find use in airport lighting and for the illumination of 
motion picture studios.— Transactions I. E. S. 
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Selection of Motor Equipment by Principle of 


Similar Speed-Time Curves 
BY BERNDT A. WIDELL, JR.: 


Member, A. I. E. E. 


Synopsis.— Data for making preliminary estimates of speed of 
cars required, and capacity of motor to do a given service have been 
rather limited. The object of this paper is to show a method whereby 
it 18 possible to provide curves which are simple to calculate and easy 
lo apply. 

No mathematical formula has ever been derived lo express the 
speed—-time or current-time curves for a railway motor. Similar- 
ity between speed-time curves has been resorted to and this paper 
shows how this method can be used to give very accurate results by 
proper consideration of the various factors which influence the 
shape of the speed—time curve. 


NE of the most complicated engineering problems 
is that of selecting the proper motor equipment 
to perform a given railway service. By “ser- 

vice" we mean that cars must make a given number of 
stops and slowdowns over a route in a given time. In 
many instances, the profile of the route is hilly and volt- 
age varies on different sections of the route, thus making 
it necessary to consider small sections of road at a time 
in our calculations to arrive at a suitable motor equip- 
ment. As a first approximation, it is usually assumed 
that the route is absolutely level. An average line 
voltage is also assumed, thereby reducing the work to a 
few simple speed-time curves. In the majority of 
cases, such a solution is accurate enough, but if it is not, 
sufficient information has been obtained to shorten the 
work of making detailed calculations over the entire 
profile as it actually exists and for the varying line 
voltages. 

Several electric railway engineers (among them 
E. H. Anderson, A. H. Armstrong and F. W. Carter) 
have plotted curves from which a rough approxima- 
tion of the speed of equipment necessary to do a certain 
service can be made. Realizing that much more 
accurate curves could be plotted to cover greater 
ground, an investigation was made which showed that 
the car friction and slope of the motor speed-tractive- 
effort curve were the factors which most influenced the 
shape of the speed-time curve, and hence the schedule 
speed, for a given rate of braking and acceleration. 
Referring to Fig. 1, curves B and C are speed-time 
curves for a certain weight of car, making the same 
schedule speed for the same length of run. The speed 
on leaving control and free running speed are shown in 
the table. It should be noted that for the same value of 


l. Of the Motor Division, Ry. Equip. Engg. Dept., General 
Electric Company, Erie, Pa. 
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Previous methods for estimating motor capacities are based on the 
horsepower of motor required, but with the advent of the self-ventilated 
and blown motors it is necessary to calculate the r. m. s. current fora 
given cycle and select a motor having this continuous rating. A 
method for doing this is proposed, based on similar current-time 
curves. 

The limiting values of average running speeds for given rates of 
acceleration and braking, and the data for obtaining motor capacity 
necessary al these limits are indicated on each curve. This helps 
one to visualize why it is not practicable to perform certain schedules 
on a fixed rate of acceleration and braking basis. 


car friction, there is a 5.5 per cent difference between 
speeds on leaving control, and 7 per cent difference be- 
tween free running speeds, due to different motor 
characteristics alone. Comparing curve C with A, the 
difference between speeds on leaving control and free 
running speeds is 15 per cent and 19 per cent, respec- 
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Fic. 1—Sprpeep-TimeE Curves ILLUSTRATING THE DIF- 
FERENCES IN SHAPE DUE TO THE SLOPE OF SPEED-TRACTIVE- 
EFFORT CURVE AND THE CAR FRICTION 


A—Average motor characteristic, friction 40 lb. per ton 
B—Flat motor characteristic, friction 20 Ib. per ton 
C—Steep motor characteristic, friction 20 lb. per ton 


Speed on leaving control (mi. per hr.) A—12.9, B—11.8, C—11.2 
Free running speed (mi. per hr.) A—20.1, B—22.3, C—239 


Conditions: Length of run, 830 ft. rate of acceleration and braking 1.5 
mi. per hr. per sec.; average running speed 12.96 mi. per hr.; constant 
car friction 


tively. Obviously, if we are to make up curves that 
are to possess any degree of accuracy, the car friction 
and slope of speed-tractive-effort curve must be 
considered. 


First let us consider the effect of the slope of motor 
characteristic on the schedule speed. In order to dis- 
tinguish between two different motor characteristics, 
theone whose speed-tractive-effort curve has the greatest 
slope is termed steep, whereas, that with the less 
slope, is flat. Fig. 2 illustrates the difference in the 
two motors’ characteristics. Referring to Fig. 3 
and assuming that the number of stops per mile being 
made as one, we can read the free running speed corre- 
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sponding to the average running speed directly. With 
an equipment geared to 75 mi. per hr., the following 
average running speeds can be made with a motor 
having the steepest and flattest characteristic respec- 
tively 34.6 mi. per hr. and 35.3 mi. per hr.—a difference 
of 2 per cent. Over the usable part of this curve, 
the maximum variation in average running speed, due 
to the slope of motor characteristic is 2 per cent. If 
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Fic. 2—Spreep—-TRACTIVE-EFFORT Curve or Two Morors 
HaviNG A DIFFERENCE IN SLOPE 


A—Steep motor characteristic 
B—Flat motor characteristic 


we base the curves on an average motor characteristic 
as indicated, the maximum variation in average running 
speed from either steep or flat characteristic 1s about 
1.4 per cent. 
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Fic. 3—CURVES ILLUSTRATING THE DIFFERENT FREE RUN- 
NING SPEEDS REQUIRED FoR Motors HaviNG DIFFERENT 
SLOPE SPEED-TRACTIVE-EFFORT CURVES 


Conditions: Rate of acceleration and braking 1.5 mi. per hr. per sec. 
Constant car friction 20 lb. per ton. No coasting, no leeway 


A—Steep motor characteristic 
B—Average motor characteristic 
C—Flat motor characteristic 


Next let us consider the effect of car friction on the 
average running speed. Referring to Fig. 4, a series of 
curves has been plotted using an average motor charac- 
teristic as determined in the above paragraphs. With 
a 75-mi. per hr. equipment, the average running speeds 
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that can be made with car friction of 10, 20, 30 and 40 Ibe 
per ton are 33.6, 35.0, 35.5 and 36.0 mi. per hr. respect- 
ively. Practically all other curves of a similar nature 
have been based on 201b. per ton friction; hence, the error 
where the actual friction is 10 Ib. per ton is 4.2 per cent, 
for 30 lb. per ton friction 1.5 per cent, and for 40 lb. per 
ton friction 2.8 per cent. We can eliminate this error 
by using the average motor characteristic and plotting 
curves for the various friction values encountered, in 
which case the maximum error in average running speed 
calculated from these curves should not exceed 1.4 
per cent. > 

The method by which curves of Fig. 3 and Fig. 4 
were calculated is a development of the similar speed- 
time curve idea. For instance, if speed-time curves 
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Fic. 4—Curves ILLUSTRATING THE DIFFERENT FREE RUN- 
NING SPEEDS REQUIRED WITH A Moror HAVING AN AVERAGE 


SLOPE SpEED-TRACTIVE-EFFORT CURVE FOR VARIOUS CAR 
FRICTION VALUES 


Conditions: Rate of acceleration and braking 1.5 mi. per hr. per sec.; 
no coasting; no leeway; car friction constant at values given: 


A—10 Ib. per ton car friction, B—20, C—30, D—40 
Use: Abscissas are the values of average running speed times 
X4 stops per mile, and corresponding values of ordinate on friction curve 


divided by the «X stops per mile gives the free running speeds necessary 
to make the average running speed 


are calculated using the average characteristic and a 
given rate of acceleration and braking for different 
lengths of run, a series of different shaped speed-time 
curves is obtained. The shortest run will be repre- 
sented by a triangle, a slightly longer run will show the 
ear accelerating according to the slope of motor charac- 
teristic and value of car friction, and the longest run 
will be practically at free running speed. If a means 
is obtained for expressing each of these speed-time 
curves in terms of similar speed-time curves to give 
greater or less distance traversed, it will be possible 
to represent ever existing running condition. How 
this is accomplished can best be explained by referring 
to Fig. 5. 


Let D, = distance traveled in t, seconds. 
D, = distance traveled in t seconds. 


* On an assumption that the two curves are similar, 
the following relations are true: 
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Fic. 5—SIMILAR SPEeED-TiME CURVES 


And by transposition, using an abbreviation of stop 
per mile S/M, 
S/M: Sè = S/M: S? 


or V S/M:Sı = / S/MMS. (1) 

and similarly V S/M: Vi = V S/M: V: (2) 
V S/Mi ts = vV S/Mit, (3) 

VS/Mi8, = /S/M:S8. 4) 


Referring back to the different shaped speed-time 
curves, we can calculate V S/M,S, and vV S/M: V: 
for each speed-time curve and plot a curve of (average 
running speed) times v stops per mile against (speed on 
" leaving control) times v stops per mile. S, of Fig. 6 
shows such a curve based on the average characteristic. 
The value of S, is the product of (speed on leaving 
control) times 4/ stops per mile. There is also shown a 
$5 curve, the value of S, being (speed at which braking 
starts) times 4/ stops per mile. 

Thus, knowing the schedule speed required and the 
average length of run, the speed on leaving control can 
be calculated from Fig. 6 and a motor selected with a 
gear ratio such that it will have this speed at the tractive 
effort necessary to accelerate the car at the desired rate 
and at the average line voltage. However, this curve 
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(Fig. 6) is not applicable to the tapped field motor 
because the speed on leaving control resistance points 
is quite different for a tapped and full field motor when 
both motors are geared to make the same free running 
speed. In view of the fact that a tapped field motor 
will make practically the same schedule speed as a full 
field motor, each having the same free running speed, 
and also to the fact that the free running speed of a full 
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Fic. 6—CurVES ron ESTIMATING SPEED AT END OF ACCELERA- 
TION, SPEED AT INSTANT OF BRAKING, AND FREE RUNNING 
SPEED 


S,— Speed at end of acceleration times v stops per mile 
S1/Sy—Ratio of speed at end of acceleration to free running speed 
S4— Speed at which braking commences times «X stops per mile 
Sf —Free running speed times y stops per mile 

A—10 Ib. per ton car friction 

B—20 lb. per ton car friction 

C—30 lb. per ton car friction 

D—40 1b. per ton car friction 


Conditions: Rates of acceleration and braking 1.5 mi. per hr. per sec:; 
no coasting; no leeway; car friction constant at values given 


Use: For a given value of abscissas; the free running speed is equal to 
value of ordinate S; divided by the value of ordinate S,/Sy for proper car 


friction value and by «X stops per mile, or to the value of ordinate Sy 
divided by the X stops per mile: the speed at instant of braking is the value 
of ordinate S4 divided by the ~y stops per mile 


field motor can be expressed accurately in terms of the 
speed on leaving control, a more practicable set of 
curves has been calculated showing the relation between 
(average running speed) v stops per mile and (free 
running speed) v stops per mile. 

The method of expressing the free running speed in 
terms of the speed on leaving control was suggested by 
Mr. E. E. Kimball’s discussion of Professor Woodruff's 
paper presented before the A. I. E. E. Nov. 13, 1914. 
Mr. Kimball noted that the tractive effort had a 
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logarithmic relationship to speed and therefore, that 
knowing the speed at one value of tractive effort, the 
speed could be calculated for any other value of tractive 
effort by the following equation: 


S = S á o 
Where S = speed at tractive effort P 
So = speed at tractive effort Po 


The cube root factor in Equation (5) represents the 
slope of the speed—tractive-effort curve and, as stated 
by Mr. Kimball, was selected because of the ease of mak- 
ing certain calculations. The variation in this slope 
factor was determined by plotting on logarithmic paper 
speed against tractive effort for several motors varying 
in capacity. In the majority of cases the resultant 
curves were perfectly straight throughout the range of 
voltage and current at which the motors would be 
normally used. Therefore, the logarithmic relationship 
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Fic. 7—Courves ILLUSTRATING CHANGE IN Ratio oF SPEED 
ON LEAVING CONTROL TO FREE RUNNING SPEED WITH VARIOUS 
VALUES OF ACCELERATING Rates, CAR FRICTION, AND SLOPE 
or MOTOR SPEED TRACTIVE EFFORT CURVES 


A—Flat motor characteristic 
B—Average motor characteristic 
C—Steep motor characteristic 


E A - 

Sj P 

S; = Free running speed mi. per hr. ` 

Sı = Speed on leaving control mi. per hr. 

A = Exponent expressing relationship between tractive effort 
and speed of motor characteristic 

p = Car friction at free running speed (lb. per ton) 

P = Tractive effort required to accelerate car at a given rate 
(Ib. per ton) 


Formula 


Where 


between speed and tractive effortcan beexpressed by the 
following equation. 


T E times $^ = K (6) 


where T E - tractive effort (lb.) 
S = speed mi. per hr. 
a  - exponent determined from plot (slope 


. factor) 
K = constant determined from plot 
The values of (a) varied between 2.8 and 3.5 repre- 
senting respectively the steepest and flattest motor 
characteristics. A motor characteristic having a slope 
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factor of 3.2 represents the average slope of all motors 
considered and is that used as a basis of these curves. 

Equation (5) shows that the ratio of speed on leaving 
control to free running speed depends on the slope of 
speed tractive effort curve, the car friction and the rate 
of acceleration. Fig. 7 shows the variation of this ratio 
according to Equation (5). 

A set of curves based on different ratesof acceleration 
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Fia. 9—Courves ron ESTIMATING FREE RUNNING SPEEDS 


Conditions: Rate of acceleration and braking 2.0 mi. per hr. per sec. 
No coasting, no leeway, car friction constant for values given 


A—10 lb. per ton car friction, B—20, C—30, D—40 
Use: Abscissas are the values of average running speed times 
v stops per mile and corresponding values of ordinate on friction curve 


divided by the «X stops per mile gives the free running speed necessary 
to make the average running speed 


and braking encountered in nermal train operation of 
(average runnings peed) 4/ stops per mile against (free 
running speed) v stops per mile gives a ready means 
for determining the rates of acceleration and braking 
required and the free running speed necessary with 
those rates to make a given average running speed. 
Figs. 4 and 9 show the character of such curves covering 
normal street car conditions. 


ELECTRIC LIGHT FOR LOUVRE 
GALLERIES 


The art collections in the Louvre galleries in Paris, 
which have been in semi-darkness during the winter, 
wil be adequately lighted in future by means of an 
elaborate electric lighting system which has just been 
placed in operation. "The proposal to light the Louvre 
by electricity has been opposed on the ground of fire 
risk, but following the successful use of electricity in 
the National Library, which houses the most valuable 
national manuscripts, the Louvre authorities decided 
to adopt modern lighting methods. 


Abridgment of 


General Power Applications 
ANNUAL REPORT OF COMMITTEE ON GENERAL POWER APPLICATIONS* 


To the Board of Directors: 

Only the following excerpts from the Committee's 
Report are noted here. For the detailed report on 
these and other applications, and of further Committee 
activities, reference should be made tothefull report. 


MARINE EQUIPMENT 


At the close of the year 1927 there had been placed 
in commission, or under construction, a total of 
118 electrically-propelled vessels of various types. 
The equipment for these craft aggregated more than 
700,000 shaft hp., about 92 per cent of the primary 
power being supplied by turbines, and 8 per cent by 
Diesel engines. 

The outstanding event of the year was the completion 
and installation of turbine-electric propelling equipment 
for the Panama-Pacific Liner California, a twin-screw 
ship with a displacement of 30,250 tons at load draft. 

The propelling equipment comprises two 16-stage 
steam-turbo generators. 'This power is transmitted 
to the propeller shafts by means of two synchronous 
induction type motors, having a continuous maximum 
rating of 8500 shaft hp. at 120 rev. per min. These 
motors are direct-connected to the propeller shafts and 
are reversible, so that no reversing turbines are 
required. l 


Diesel Electric. There have been a number of notable 
applications of Diesel-electric drive for marine work. 
One of these, in which d-c. apparatus is used, is the Coast 
Guard Cutter Northland, now serving on patrol in 
Alaskan waters. 


The main engine-room equipment consists of two 
Diesel engine-driven generators. These supply cur- 
rent to a double-unit type, shunt-wound propeller 
motor. Each section of this motor is rated 500 hp. at 
120 rev. per min. The ship will develop a speed of 12 
knots with her single propeller operating at 120 rev. 
per min., and the motor developing 1000 shaft hp. 


Other applications of Diesel-electric drive include 
four large double-end Diesel-electric ferry boats made 
for the Southern Pacific Company for service in San 
Francisco Bay, electrically-propelled packet boats 
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running between points in and around New York 
Harbor, and cargo boats recently open to Diesel- 
electric propulsion by the U. S. Shipping Board. 


U. S. NAVY 


A notable application is that of a 200-hp. 5000-rev. 
per min. d-c. motor on which the Navy Department 
recently completed tests. This motor is used to drive 
a three-phase blower type compressor having a capacity 
of 3200 cu. ft. and a discharge pressure of 10 lb. Special 
precautions had to be taken to balance this armature, 
the peripheral speed of which is approximately 20,000 
ft. per min. The bearings are flood-lubricated, the 
oil being supplied by a separate motor-driven pump. 
The method of cooling is novel, the cooling air being 
that which is drawn through the motor into the first 
stage of the compressor. 


ELECTRIC RAILWAYS 


Oil-Electric Locomotives. Two 100-ton units are 
now in heavy switching service on the Erie Railroad, 
and 60-ton units were completed for the Chicago & 
Northwestern Railway, the Union Carbide Co. and the 
American Rolling Mills Company. Work is also pro- 
ceeding on oil-electric freight and passenger locomotives 
for the Putnam Division of the New York Central 
Railroad, and a 300-hp. oil-electric motor car is ready 
for service. 

Gas-Electric Motor Cars. One of the large automo- 
tive truck manufacturing concerns has announced the 
completion of car units, consisting of gasoline engines 
and electric generators, to be used with an electric 
drive to furnish power for virtually any kind of trans- 
portation. 

Special Type Locomotives. A new combination 
trolley and storage battery type of locomotive has 
been placed in service by the Chicago, North Shore 
and Milwaukee R. R. These locomotives may be 
used either on the trolley system, or on tracks not now 
equipped with trolleys. D-c. control is provided for 
either trolley or battery, and transfer from trolley to 
battery power is automatic. 

Automatic Substations for Railway Signaling Power 
Supply. The continuous inductive type of automatic 
train control provides a new field for the application of 
small frequency-changing motor-generator sets and 
automatic control for starting the sets and for connect- 
ing the generators to the load in the shortest time 
possible. Power is supplied to the train control system 
at a frequency of 100 cycles in order to eliminate in- 
ductive interference from commercial circuits. 

Motor-generator sets provide the 100-cycle power 
rom 25- or 60-cycle primary sources. The motor- 
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generator sets range in size from 1.5 kv-a. to 60 kv-a. 
The rating depends primarily upon whether the power 
is to be used for both automatic train control and auto- 
matic block signaling, or only for the former. 


MINING INDUSTRY 


A new type “sealed equipment" cable-reel gathering 
locomotive has been provided for mine application and 
is provided with two 30-hp. motors, contactor control 
of the progressive series parallel type, and a motor- 
driven cable reel. The traction motors, the cable-reel 
motor, cable-reel collector rings, control, headlights, 
and all parts of the equipment with the exception of 
the trolley pole and the reel cable are completely en- 
closed in strong cases which are designed to prevent 
any gas explosions occurring’ within these cases being 
transmitted to the surrounding atmosphere. 


Quarry Locomotive Cars. An interesting system of 
remote control for locomotive cars operating on quarry 
tracks was developed. With this system, a single 
operator is able to start, stop, and even switch cars 
on different tracks. Electrical equipment of the cars 
consists of high-torque squirrel-cage motors provided 
with solenoid .brakes and controlled through a pair of 
reversing contactors which throw the motors on the 
line at full voltage. 


Largest Hoist Motor in Western Hemisphere. One of 
the large electrical manufacturing companies is building 
for the Frood Mines of the International Nickel Com- 
pany of Canada, a 3200-hp. 79-rev. per min. d-c. 
hoist motor. On both the horsepower and torque 
rating, this motor is larger than any single mine hoist 
motor yet installed or selected for mine hoist applica- 
tions in this hemisphere. 

This equipment will employ the variable-voltage d-c. 
system of speed control. 


Improved Equipment for Gaseous Mines. In order 
to prevent a gas explosion communicating with the 
coal dust, the latter is covered with rock dust which 
is distributed to the walls, roof, and bottom of the mine 
under air pressure. A machine is used for this purpose. 
The rock dust is contained in the hopper at one end 
of the machine and is distributed by the motor-driven 
blower. 

The electrical equipment is especially designed for 
use in gaseous mines and has been approved by the 
Bureau of Mines for this application. It consists of a 
20-hp. permissible type motor and control. 


The Largest Mine Locomotive. The largest single- 
unit underground mine locomotive was exhibited at the 
American Mining Congress Convention in May. This 
locomotive weighs 38 tons and has the following limiting 
dimensions: Gage 35 in., height 46 in., width 6414 in., 
over-all length 24 ft. The locomotive is equipped 
with three 133-hp., 500-volt motors, or a total of 399 hp. 
per locomotive. The motors are arranged for forced 
ventilation from a separate blower motor. The control 
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is of the semi-magnetic type, series-parallel with over- 
load relay and no-voltage protection. 


GLASS INDUSTRY 


The excessive demand of thin plate glass of the non- 
shattering type, and for ordinary thin plate, such as 
used in the auto and allied industries, has caused a 
general building and rebuilding program for this type 
of glass manufacturing. 

The use of electrically-driven mechanisms at ure 
cally every step has created a great and growing demand - 
for motors, controllers, and general equipment to 
improve the methods of manufacture of thin plate glass. 


ELECTRICAL REFRIGERATION 


The enormous growth of motor application in the 
field of electrical refrigeration is indicated by the fact 
that ten years ago this industry produced about 1200 
units a year, whereas the year 1927 produced 1,500,000 
units. 

An interesting application in this field is the use of 
single-phase motors mounted in rubber. The base of 
the mounting has vertical supports going up through 
the ventilating holes in the bottom of the end-flanges 
of the motor and offset around the shaft so that the 
top of the support is directly over the shaft and some 
distance above it. There are two holes in each support, 
one above and one below the shaft, with rubber bushings 
in these holes. Two pins extending inward from the 
end-flange engage these rubber bushed holes and sup- 
port the motor. The motor is thus supported entirely 
from these pins in the end-flange and there are no metal- 
to-metal contacts between the motor and its mounting. 


In this field also, it is interesting to note the applica- 
tion of what is essentially a two-phase motor from a 
single-phase line, one phase of the motor being con- 
nected directly across the source of supply and the other 
phase connected in parallel with the first phase through 
acapacitor. Due to the fact that it has no commutator 
or brushes, it is extremely quiet, and causes no radio 
interference. The motor operates as a polyphase 
motor and eliminates the characteristic hum of a true 
single-phase motor. 


PAPER MILL INDUSTRY 


A new application to the manufacture of paper is 
that of an adjustable speed motor to a paper winder. 
This drive consists of a direct-connected variable-speed 
motor and the necessary control equipment. The 
motor is designed to give a speed range of 4 to 1 by 
voltage control, and to give a crawling speed of threading 
the paper by means of armature resistance. This 
particular drive was supplied at the mill of the Fraser 
Co., Ltd., at Madawaska, Maine. 


ELECTRIC FURNACES 


The brass industry as a whole uses comparatively 
small melting units, 75- to 200-kv-a., all single-phase. 
There appears to be less objection than formerly on the 
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part of public utility systems to single-phase loads of 
' this character, and units as large as 300-kv-a. have been 
installed. 

In the steel industry, the use of the three-phase arc 
furnace of the three-electrode type followed the 
standard practise of the last two or three years, and 
“electric steel” has now become a trade mark to indicate 
a superior quality of steel. 


STEEL MILL INDUSTRY 


Automatic Steel Mill. A great improvement in the 
rolling of steel was inaugurated during 1927 making it 
possible to roll the H-shaped beam so desirable for 
columns in buildings. The improvement consists in 
using sets of rolls to simultaneously roll the flanges and 
web of the beam. The adjustments of all of the rolls 
are made automatically at the same time. Impor- 
tant new features were also developed for the motor 
driving these rolls. 

Automatic control is provided, permitting a single 
operator to control the operation of the two motors, 
the three screw-down motors, and the several table 
conveyor and transfer motors. By means of a plug-in 
board, the ratio of the speeds of the two reversing roll 
motors is predetermined and selected for each pass, 
and the screw-down setting of each set of rolls is selected 
for each pass. During operation, the attendant 
advances a multi-point master switch one position after 
each pass, and the control functions automatically to 
adjust the ratio of roll motor speeds and to set each of 
the sets of rolls, ready for the next pass. 

Mill for Wide Flanged Beams. Another large equip- 
ment of unusual interest was placed in operation at the 
Lackawanna Plant of the Bethlehem Steel Company. 
The mill to which the motors were applied is used to 
produce wide flange beams. It consists of three units; 
a 54-in. reversing blooming mill, a 48-in. intermediate 
mill, and a 48-in. finishing mill. 

Another noteworthy application at the Lackawanna 
Plant of the Bethlehem Steel Company is the change 
of the layout of the rail mill which is now being made. 
The 44-in, reversing blooming mill will have a driving 
motor rated at 7000 hp. continuously, with a 50-deg. 
rise and at 50/120 rev. per min. 


Use of Synchronous Motors in Steel Mills. The in- 
crease in the use of synchronous motors for main roll 
drives in the past year is noteworthy. The new appli- 
cations for the year include a 5000-hp. 40-deg. 1000- 
rev. per min. 2200-volt motor used to drive a 19-in. 
continuous sheet bar mill at the Kokomo Plant 
of the Continental Steel Corp., Indiana. A motor of 
the same horsepower rating, but at 240rev. per min., will 
be used to drive a 51-in. piercing mill installed by the 
Standard Seamless Tube Company, of Economy, Pa. 
Other motors are applied to copper and brass rolling 
mills. 


Motor Rollers. The first applications of rollers of the 
type, in which the driving motor is inside the roller 
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and made integral with it, were made in the past year 
These applications include motor rollers on four differ- 
ent parts of a continuous sheet mill at the plant of the 
Ameriean Sheet & 'Tin Plate Company, Gary, Indiana. 
These rollers are of different capacities and speeds, 
and vary from 5 to 35 cycles per sec. 

Another application of these rollers is that at the 
Lorain Plant of the National Tube Company. Appli- 
cations here include motor rollers on a runout table for 
conveying the rounds from the furnace to the piercing 
mill. Others are used to feed the pipes to and from the 
threading machines, (this installation being entirely 
automatic), and still others, for conveying the tubes 
through the oiling machines. All of the rollers for the 
National Tube Company are made of a special form to 
accomodate the round stock. 


OIL INDUSTRY 


A very good résumé of the operation of an electrically- 
operated oil field is given in the Electrical World under 
date of February 4, 1928. 

Application of Electricity to Pipe Line Pumping. 
Recently electric power has been used for pumping oil 
through pipe lines to replace the slow-speed plunger 
pumps driven by steam engines or occasionally a Diesel 
engine, on account of their very high first cost. 

In the summer of 1927, the Illinois Pipe Line Com- 
pany put in booster stations using motor-driven cen- 
trifugal pumps at intermediate points between the 
steam stations. One pump only is required to operate 
in each station, a second unit acting as a stand by. 
Magnetic pushbutton starters of the auto-transformer 
types are used throughout, with pressure gages 
arranged to shut down the motors in case of low or 
excess pressures. 


ELECTRICAL WELDING 


There was a marked advance in the application of 
electrical welding during the past year, both for the 
fabrication of electrical machines of all sizes and for the 
fabrication of structural beams and pieces necessary 
in the building industry. 

The use of welded frames is rapidly becoming uni- 
versal because of the great saving in weight which can 
be accomplished by this method. 

First Arc-Welded Railway Bridge. The first arc- 
welded bridge of the through-girder type spans 
Thompson's Run, having a span of 53 ft. 9 in., although 
the bridge is 62 ft. 4 in, over all in length. There are 
20 tons of steel in the structure and the main side 
girders each contain approximately 6 tons of steel. 

The first are-welded railroad bridge of the through- 
truss type was completed before it was moved into 
position on the abuttments across the canal at Westing- 
house Electric & Mfg. Company's Chicopee Falls 
Plant. (Mass.) 

Owing to the layout of the railroad facilities, the 
bridge is required to cross the canal at an acute angle. 
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The trusses are approximately 135 ft. long and the over- 
all length of the bridge is approximately 1775 ft. 

The outstanding feature of interest in the design of 
the bridge is the fact that the welded design requires 80 
tons of steel, whereas the riveted design, prepared by 
the railroad engineers, required 120 tons of steel. Also, 
the connecting material in the case of the welded bridge 
runs less than 5 per cent of the weight of the structure, 
whereas in the case of the riveted design, the weight 
of the connecting material is almost 30 per cent of the 
weight of the total structure. 

Atomic-Hydrogen Arc Welding. Development work 
on atomic-hydrogen are welding was completed, and a 
commercial equipment has been produced for use on 
60-cycle circuits. 

With this method of arc welding, an alternating cur- 
rent is maintained between adjustable tungsten wire 
electrodes, and hydrogen is fed to the are around the 
electrodes. The hydrogen molecules are broken up 
into atoms by the intense heat and in recombining 
outside of the are and in contact with the work, heat is 
liberated far in excess of that obtainable by any gas 
flame alone. This heat is used to fuse the metals to be 
joined and where additional metal is required, a filler 
rod may be fused into the work. The arc, constantly 
maintained but broadly adjustable in size and in 
intensity, lends itself to a wide range of work. 

Magnetically-Controlled Arc Welding. It is claimed 
by one manufacturer that the superimposing of a strong 
magnetic field on the arc flame permits the arc to 
travel through variable magnetic fields without dis- 
turbance, and that welds made by this new process are 
more uniform in structure and ductility than those of 
ordinary arc welding. 


CONTROL 


Generally, the evolution of dependable, definite 
timing devices has limited the use of current limit and 
counter e. m. f. schemes of control. The general run 
of magnetic control is now of the definite time accelerat- 
ing type. | 

The year 1927 saw a great deal of- development and 
improvement in thermal overload relays for motor 
protection and protection for other machinery. The 
developments during the year are also noteworthy with 
respect to improvements in magnetic switches. Much 
has been learned with respect to the characteristics of 
different metals used as contact breaking and carrying 
points, also with respect to the advantages of multiple 
break per pole. 

Automatic Pump Control. 'The use of a sequence 
drum has made an improvement in automatic pump 
control. This sequence drum provides the automatic 
control to start the pump at high-water level, stop the 
pump at low-water level, and go through the priming 
process in starting. It repeats the priming cycle three 
times if necessary to prime the pump. The sequence 
drum is motor-operated. 
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High-Pressure Valves. In connection with the motor 
operation of large valves in steam power plants and in 
the chemical industry, the trend is toward extremely 
high pressures, up to 3000 lb. per sq. in., and relatively 
high temperatures. This has imposed unusual require- 
ments as to the positive and accurate seating of the 
valves. The standard motor control, with a mechanical 
limit set for an accurate number of turns of the yoke 
nut, under certain conditions, would not close the valve 
tight, or, under other conditions, it might seat the valve 
before this mechanical limit was reached and thus 
damage the valve seat. 

To meet these conditions, a torque-limit valve control 
has been developed. This control assures the seating 
of the valve at a definite predetermined seating pres- 
sure, or a fixed torque of the motor. 


To obtain satisfactory results on high-speed presses 
driven by a-c. slip-ring motors, a special control equip- 
ment has been developed. A torque relay is used in 
connection with the equipment, which controls the 
torque of the press through a torque switch during the 
transition period. As the main motor accelerates, this 
torque relay controls the main motor and interrupts 
the acceleration when a certain speed and torque is 
reached. If, during the transition period, the speed 
falls below a certain point, this torque relay will again 
close the torque switch, tending to accelerate. The 
controller is operated from a push button station. 


Paper Machine Drives. A control system has been 
developed for giving remote control of the paper speed 
on sectional paper drives. 


The voltage regulator and the motor-operated rheo- 
stat is controlled by a push-button located at the machine 
floor and the speed changes are accomplished without 
the attendance of an operator at the switch control. 


Furnace Top Control. A variable-cycle furnace top 
controller, for use in connection with the McKee 
revolving top, has been developed. 


Holland Tunnel Supervisory Control. The control 
equipment for the ventilation and operation of the 
Holland Tunnel connecting New York City with New 
Jersey has been designed to be handled by one man. 
The supervisory operator knows and sees exactly how 
every piece of apparatus composing this gigantic net- 
work is performing. He can tell whether the incoming 
line breaker is still feeding the equipment, or whether it 
has tripped out automatically; whether or not the 
designated fans are running properly at the selected 
speed; whether the percentage of poisonous gas is 
dangerous in any section of the tunnel; if a fire alarm 
has been sent in, and what section is affected. The 
level of the water in the various sump chambers can 
also be determined by eertain lamp indications. Should 
any change be made in the position of any particular 
apparatus, due to some fault or failure, a bell alarm 
will be sounded and a bright light will indicate the 
location and character of the trouble. 
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MISCELLANEOUS APPLICATIONS 

Brick and Clay Industry. In one of the large Hudson 
River soft mud plants, a complete electrified installa- 
tion is being built. 

Ceramic Industry. Electrical energy is now recog- 
nized as an ideal fuel, particularly for ceramic 
manufacturers. | 

Textile Industry. Electric heating was adopted for 
the first time to the cloth singeing machines which are 
used in the finishing rooms of textile mills. The singe- 
ing was previously done by gas or oil heat. 

Lighting. The application of an electric flashing 
system and a lantern of new design displaced kerosene 
buoy lights on the New York Barge Canal. 

Artificial light has been further used in the horti- 
cultural field. 

There has been a large increase in the application of 
lighting of special kind in the medical field where 
cures can be effected by the equivalent of sun rays. 

Also in the medical field should be mentioned the 
application of cathode rays and their effects in the 
production of vitamines in yeast and other foods. This 
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research has been aided by the development in 1927 
of cathode ray tubes for operating potentials of 900,000 
volts. In 1926 the maximum operating potential was 
400,000 volts. The higher potential has increased the 
velocity and range of the cathode ray discharge. 

Under lighting should be mentioned the enormous 
increase in applications of neon tubes for commercial 
advertising. Also the development of a new type 
quartz neon gas-filled lamp which resembles a ball of 
reddish orange fire and has great fog-penetrating 
possibilities. 

A unique application of lighting is toward the elimi- 
nation of certain moths and insects. 

Individual Wire Blocks. The application of indi- 
vidual d-c. drive for wire blocks has rapidly increased. 
Between 350 and 400 blocks have now been installed 
in such a drive. 

Tandem Drive for Strip Mill. Several continuous 
strip mills have been installed in the last year with 
individual motor drive in each of the mills where the 
material is in several mills at the same time but without 
any loops in the steel. This can be accomplished by 
d-c. motors. 
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Sphere-Gap and Point-Gap Arc-Over Voltage 


As Determined by Direct Measurement 
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Synopsis.—T his is a report of some of the work done at the 
Ryan High-Voltage Laboratory, Stanford University, during the 
school year of 1927-28. A new method of measuring high voltages, 
in which the current through a water resistor is recorded on an oscil- 
lograph, is described. Over a million volts to ground were measured 
with an accuracy believed to be better than 2 per cent. 

A calibration of the meter sphere-gap was determined for voltages 
up to 1100 kv. and the arc-over voltages for point-gaps were deter- 
mined for distances up to 30 ft. Point-to-plane arc-over voltages 
also were measured. 

Included in the report are some tests made in connection with the 


INTRODUCTION 


T the time of this investigation, the methods of 
direct-voltage measurement were limited to the 
sphere-gap, point-gap, dividing condenser as 

used with electrometer or cathode ray tube, and 
direct measurement of the current flow in a condenser 
of known capacity. The calibration of the’ 100-cm. 
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Shielding of the water resistor determining to what ertent capacity 
currents were causing error. 

Sphere-gaps were used also in connection with the determination 
of the arc-over voltages of the point-gaps, to determine whether there 
was any high frequency set up by the heavy corona streamers from 
the point that could not be recorded by the oscillograph. 

The procedure of taking an oscillogram of the corona current 
from a pointed electrode a million volts above ground 18 described. 

The practicability of he use of the meter sphere-gap for vollage 
measurement 18 discugsed. 


sphere-gap was for the most part theoretical, based on 
electrostatics and values determined on spheres of a 
lesser diameter. The values of arc-over voltage for 
point-gap for voltages in excess of 900 kv. was a matter 
of extrapolation of sphere-gap comparison. It was 
known by those familiar with the use of these gaps that 
their action was not positively established. The object 
of this investigation was thus to establish the calibra- 
tion for the meter sphere-gap and point-gap for 
the higher voltages, based upon values obtained by 
direct measurement within a limit of error of 2 per 
cent. 


4. F. W. Peek, McGraw-Hill 


Book Co. ° 


“Dielectric Phenomena,” 
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METHOD OF VOLTAGE MEASUREMENT 


The method used here was the measurement of the 
current through a known resistance. The ordinary 
oscillograph was used as the current measuring device. 
This made possible not only the determination of the 
magnitude but also the wave form of the voltage. The 
20-megohm resistor consisted of a glass tube, filled with 
distilled water. This tube was 16 ft. long and 0.4 in. 
inside diameter. The voltage was raised to arc-over 
in approximately one second by closing in the field 
switch of the generator. Due to the high specific heat 
of the water, the rise in temperature was not over 10 
deg. cent. This caused a change in resistance of about 
15 per cent. 

Operations Necessary for Voltage Measurement. The 
procedure for the measurement of arc-over voltage may 


125V. DC. 


Motor Oriven 
Rheostat 


Fria. 1—SiMPLIFIED DiíAGRAM oF Malin CIRCUIT 


be followed from Fig. 1. First the generator oil switch 
and main generator field switch are closed in. The 
cam-operated contactor then closes contact A closing 
the magnetic switch and short-circuiting out all of the 
external resistance in the generator field. "The voltage 
of the set is thus built up with the increase in generator 
field current and after approximately one second, the 
oscillograph shutter is opened by the closing of contact B. 
Just before this takes place, however, the closing of 
contact C boosts the voltage on the incandescent light 
used in the oscillograph. The voltage of the generator 
exciter is set by trial so that arc-over occurs sometime 
within 10 cycles after the shutter is opened. A quick- 
acting relay R closes the shutter in less than two cycles 
after arc-over. The generator oil switch is opened in 
six cycles by the action of the overload relays. 

Resistance Measurement. The resistance of the 
column can be determined by means of a galvanometer 
and a 1000-volt direct current within 20 seconds after 
arc-over. "The slight radiation occurring in this time 
is negligible. ' 
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Method of Oscillograph Calibration. The oscillograph 
element is calibrated by recording on the same film on 
which the record is taken a current from the sine wave 
generator having approximately the same crest as the 
current through the water resistor. The effective 
value of this current is read on a milliammeter. Fig. 2 
shows a half section of film. Each record contains two 
waves; one is the current through the water resistor 
and the other is the voltage as given by the voltmeter 
coil of the grounded transformer. The amplitude of 
the cycle preceding arc-over is the value used in the 
determination of the arc-over voltage. The ratio of 
the amplitude of the record to the amplitude of the 
ealibrating wave multiplied by the effective value of 
the sine wave current used in calibration is the.effective 
value of a sine wave current having the same crest as 
the current through the water resistor. "This current 
value multipled by the resistance of the water resistor 
is the total effective (sine wave equivalent) voltage 
computed from crest values. - 


TESTS AND DETERMINATIONS 

During tests at the Ryan High-Voltage Laboratory, 
it had been observed that at the time of arc-over of a 
20-ft. gap between points, the voltmeter coil in the 
ground unit of the chain-connected set of six trans- 
formers indicated an effective value of terminal voltage 
33 per cent less than that which was expected for the 
gap breakdown, based upon the assumption of 10 kv. per 
inch. It has previously been assumed in the explanation 


Fic. 2—TypicaL OscILLOGRAM A8 OBTAINED FOR VOLTAGE 
DETERMINATION 


for the low voltmeter coil value for arc-over voltage 
that the heavy corona streamers accompanying the 
breakdown of the gap caused high frequency or surges 
to be superimposed on the 60-cycle voltage. However, 
the oscillograms showed that the arc-over of the 20-ft. 
gap was purely a 60-cycle breakdown, and that the 
crest value of the voltmeter coil value of terminal 
voltage was but slightly different from that as deter- 
mined by the water resistor and oscillograph connected 
to the high-voltage terminal. 

As may be seen from Fig. 3, the wave form of the 
voltmeter coil voltage is practically identical with that 
of the current through the water resistor, which is 
connected to the terminal of the transformer set. 

Test for High Frequency. After some of the arc- 
over voltages had been determined by the above 
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methods, it was decided to use sphere-gaps as a check, 
lest there should be some high-frequency voltage that 
could not be recorded by the vibrator element of the 
oscillograph. The spheres available were two 100-cm. 
spheres and two 50-cm. spheres. Two gaps were made 
up, one for each side of the transformer set. 

The 50-cm. spheres were mounted so that their 


Fic. 3—OsciLLoGRAM SHOWING WAVE Form or TRANSFORMER 
Set AT 1,000,000 VoLTs To GROUND 


A—Current through water resistor connected to high-voltage terminal 
B—Voltage wave from voltmeter coil of grounded transformer 


centers were about 4 ft. from the concrete floor. Above 
these the 100-cm. spheres were suspended from the 
roof trusses by strings of 30insulatorunits each (Fig. 4). 
This is not a standard sphere-gap set-up. However, 
the smallness of the lower sphere is partially offset by 
the proximity of the 50-cm. sphere to ground. 

For each gap-setting, the spheres were adjusted so 
that the arc-overs were about equally divided between 
the point-gap and the sphere-gaps. The voltage 
was then determined by means of the water resistor 
and oscillograph. The following table shows the re- 
sults for three gap-settings. 


Arc-over voltage* 


Voltages for 
corresponding 


Separation Separation Point-gap separation of 


of points of spheres (k v.-to-gd) Sphere-gap |100-cm. spheres 
16 ft. 70. cm. 854 kv. 861 kv. 880 kv. 
20 ft. 83.5 cm 942 kv. 945 kv. 946 kv. 
22 ft. 982 kv. 988 kv. 1020 kv. 


102.5 cm. 


*Each voltage value is the average of three observations. 


The results as given in the above table would indicate 
that the oscillograph was recording correctly the voltage 
that was impressed on the respective gaps. 

When the two sets of sphere-gaps were being used 
with the 22-ft. point-gap, a very interesting thing was 
observed. During a preliminary test, one of the 50-cm. 
spheres and its mounting were removed, leaving an 
8-ft. clearance from the 100-cm. sphere-to-ground. 
With the other sphere-gap set at 100 cm., the voltage 
was raised, and the 100-cm. sphere arced the 8 ft. to 
ground. ‘This distance was more than twice that be- 
tween the other spheres. The voltage was applied a 
number of times with the same result. The 50-cm. 
sphere that had been taken out was replaced and the 
gap adjusted for 110 cm. The voltage was then 
applied, and the 100-cm. gap arced over. This per- 
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formance was repeated for the sphere-gap on the other 
side of the set with a similar result. 

Shielding of the Water Resistor. The water resistor 
was partially shielded by a 3-ft. horizontal circular disk 
at the top. (See Fig. 4) For voltage measurements 
the shielding need not be nearly as perfect as for 
wattmeter work.’ The effectiveness of the shielding 
was checked by taking simultaneous oscillograms at 
the top and at the bottom of the water resistor. The 
oscillograph at the top was a small two-element oscillo- 
graph, operated with a small motor. They were 
enclosed in a wire screen cage which shielded them from 
corona effects and external electrostatic fields. The 
oscillograph was operated by linen threads controlled 


by relays. "The results of this test were as follows: 
Record Current at top Current at bottom Percentage of 
No. of resistor of resistor difference 
1 52.7 milliamperes | 51.7 milliamperes 1.9 per cent 
2 49.1 milliamperes | 48.2 milliamperes 1.8 per cent 


Another test that was made on the shielding was in 
connection with the use of the sphere-gap of 100-cm. 
spheres. With the gap set at 100-cm., the arc-over 
voltage was measured with a water column resistance 
of 30 megohms and also with 10 megohms. Since there 


Fia. 4—SpHERE-GAPS AS USED TO CHECK PorntT-Gap VOLTAGE 


was nothing changed except the resistance of the water 
resistor, the capacitance current due to improper 
shielding remained practically constant. If this charg- 
ing current were appreciable, the voltage as measured 
with the 10-megohm resistor would be noticeably 
different from that measured with the 30-megohm 
resistor. The average of 10 records in each case gave 
994 kv. when the 30-megohm resistor was used and 
1004 kv. when the 10-megohm resistor was used. Again 

5. Some Features and Improvements on the High-Vollage 


Wattmeter, J. S. Carroll, A. I. E. E. Trans., Vol. XLIV, 1925 
p. 1010. 
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this shows that the resistor was shielded sufficiently separations this erratic action may come in to a less 


for voltage measurements. 
DISCUSSION OF RESULTS 


Point-Gap. Fig. 5 shows the arc-over voltage 
between two points for distances from 8 to 30 ft. 
for the neutral grounded condition. The height of 


KRO-VOLTS EFFECTIVE TO GROUND 


Fia. 5—Spark-OVER VOLTAGE FOR Point Gaps 


the gap from the floor was approximately 30 ft. The 
plotted points are averages of from 5 to 20 observations. 

Fig. 5 also shows arc-over voltages for a point-to- 
plane for distances up to 15 ft. 

Fig. 6 shows the effect of ground on the arc-over 
voltage of a vertical point-gap 9 ft. in length, as the 
distance from the lower point-to-ground is changed. 
Each observation is plotted separately. The apparent 
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Fic. 6—ErrrEcT or GROUND PROXIMITY ON Arc-OvER or 9 FT. 
VERTICAL PoiNT-GAP 


dropping of the curve as the gap is raised from the 
ground plane in excess of 15 ft. is due to the lower or 
ground point nearing the high-voltage connections. 
100-Cm. Spheres. Due to some inherent surface 
property which is as yet undetermined, the action of 
the 100-cm. aluminum spheres is rendered rather 
erratic where the separation between the spheres is in 
excess of 75 per cent of their diameter, and for smaller 


degree. A typical set of readings is given in the follow- 
ing table for values of the Hendricks voltmeter coil 
voltage for 50 successive arc-overs of the 100-cm. 
spheres spaced 100 cm. These were the first values 
following cleaning and polishing of the spheres and are 
characteristic of many similar sets obtained during these 
tests. 


Volt- Volt- Volt- 
Arc-over meter Arc-over meter Arc-over meter _ 
No. reading No. reading No. reading 
1 19 18 35 30.6 
2 19 19 36 30.6 
3 24 20 37 29.5 
4 24 21 38 27 
5 24 22 39 28 
6 24.5 23 40 
7 24.5 24 41 
8 24.5 25 42 
9 26 20 30 43 
10 24 27 28 44 
11 26 28 27 45 20.5 
12 25 29 30.6 46 30.7 
13 26 30 29.6 47 30.8 
14 26 31 30 48 31 
15 24 32 29 49 31 
16 27 33 31 50 31 
17 27 34 30.6 


| A MEASURED VALUES - J. 3. CANROLL-B.COZZ 


Fic. 7—THEORETICAL AND MEASURED VALUES OF SPHERE-G AP 
SPARKOVER VOLTAGE FOR 100-Cm. SPHERES 


8—CoroNA CURRENT FROM A POINT 


F'iG. 


The irregular wave is the oscillogram of the corona current, from a 
point 1,040,000 volts effective to ground 

The crest value of the current at (a) is 28 milliamperes 

The smooth wave is the current through the water resistor 

The Crest value of the voltage at (b) is 1.470.000 volts 


From the above values it can readily be seen that at 
least 50 applications of voltage were necessary to get 
the spheres in condition, which fact in itself is no 
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small item when it comes to wear and tear on high- 
voltage transformer test sets. Such a conditioning 
was found to be necessary to a greater or less degree if 
the spheres remained unused for more than from 6 to 8 
hours. This condition makes the voltage as determined 
by the sphere-gap somewhat uncertain unless par- 
ticular precaution is taken to condition the spheres. 
It can be said that the arc-over voltage for a given 
sphere-gap setting will not exceed a definitive value, 
but the arc-over voltage may be as low as 50 per cent 
of this value. 

The use of the sphere-gap for determining insulator 
flashover voltage has many disadvantages. A sphere- 
gap cannot be used to measure the exact voltage at 
which an insulator string will arc over. 

Fig. 7 shows the calibration curve of the meter sphere- 
gap that was determined by the water-resistor-oscillo- 
graphic method of voltage measurement. The values 
plotted are averages of the records taken. The maxi- 
mum values obtained agree in all cases with the theo- 
retical values of Mr. Peek. In all cases where records 
were taken the arc-over current of the gap was less 
than two amperes, and the duration of the arc was 
limited to six cycles. This value of current and dura- 
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tion of are caused no noticeable pitting of the meter 
aluminum spheres. These spheres were arced over 
more than 1000 times during the tests reported in this 
paper. 


CORONA CURRENT FROM A POINT 


The total current through the 500,000-ohm protective 
resistance was measured by means of a shielded two- 
element oscillograph and found to have a crest value 
of 154 milliamperes when the point was at a potential 
of 1,000,000 volts to ground. 


While this set-up was in place, it was decided to 
obtain a record of the corona current from one of the 
points of the point-gap a few cycles before the arc- 
over of a 24-ft. gap. (See Fig. 8.) The lead from the 
oscillograph element was completely shielded up to the 
point. This arrangement eliminated all charging 
current and permitted the measurement of only the 
corona streamers from the point. The apparent 
difference in phase angle of this current and voltage 
wave is due, no doubt, to a space charge effect. 

The oscillograph element was protected from the 
arc-over current by a low-voltage gap shunted across 
the element and the 10,000 ohms in series with it. 


Abridgment of 
High-Speed Circuit Breakers for Railway 


Electrification 


From the Design Point of View 
BY H. M. WILCOX: 


Member, A. I. E. E. 


ROM the switching service point of view, circuit 
breakers as a whole may be divided roughly into 
general classifications dependent upon the time 

required to isolate portions of the circuit under con- 
ditions of fault or to clear the circuit under any pre- 
determined condition. Of these, the conventional 
normal-speed breaker constitutes by far the largest 
class in general use. 

For d-c. switching service, this class is generally 
of the carbon-break type often applied in machine 
circuits with relatively high normal current loads 
requiring breakers of large current-carrying capacity 
with heavy moving elements. These breakers may be 
expected to interrupt a short circuit in from 0.07 to 
0.10 sec. from the start of rise of short-circuit 
current although they are often used with a time-delay 
element intentionally placed in the control circuit to 
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increase this time up to a full second or more. Where 
quicker action is desirable, particularly with breakers 
of lower current-carrying capacity, the contacts may 
be made trip-free from the closing mechanism and with 
a sensitive overload tripping device, the time may be 
reduced to from 0.04 to 0.06 sec. The general 
form of the breaker, however, is not materially different 
in these two time-classifications. 


For a-c. switching service, the normal-speed oil 
circuit breaker is used over practically the entire range 
of service voltages. When actuated by a normal-speed 
relay, this breaker requires from 0.10 to 0.25 sec. 
after the occurrence of a fault to trip the breaker and 
interrupt the cireuit. Asin the case of the d-c. breaker, 
however, it is often used with a time-delay element in 
the control cireuit, extending the total time up to as 
much as three or four seconds. Various forms of high- 
speed contacts are used for applications in which it is 
desired to reduce the period of arcing without neces- 
sarily diminishing the time between the occurrence of a 
fault and the final interruption of the circuit. Where 
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this latter feature becomes desirable, high-speed relay- 
ing is resorted to with heavier accelerating springs in 
the breaker mechanism. In all of these forms, however, 
the breaker structures differ only in details and they 
may all be included in the same general classification. 

During the last few years, therapid advance in railway 
electrification work, particularly in the application of 
automatic features, has resulted in the development 
of a new class of breakers for this service known as high- 
speed circuit breakers. Developed largely for special 
protective purposes, these breakers perform a somewhat 
different function from that of breakersin other service for 
both of the two great classes of railway applications,— 
d-c. and a-c. electrification projects. In time classi- 
fication, to interrupt a d-c. circuit, high-speed breakers 
should function in 0.02 seconds or less after the occur- 
rence of a fault, and one cycle or less for a 25-cycle a-c. 
circuit. 

In d-c. railway service, the synchronous converter 
operating at from 600 to 1500 volts occupied a com- 
manding position as a medium for converting alternat- 
ing current from the secondaries of transformers into 
direct current supplying feeder circuits for trolley or 
third rail service. This machine lends itself readily to 
automatic control without the necessity of an attendant, 
but it is susceptible to flashing with considerable conse- 
quent damage to the commutating apparatus under 
short-circuit conditions. To obviate this difficulty, the 
d-c. high-speed breaker has been developed to the point 
of interrupting a circuit before short-circuit current 
can rise to its full value, and of so limiting the destruc- 
tive period of duration of a short circuit as to preclude 
the possibility of flashing on the commutator. 

From the design point of view, to meet the require- 
ments for high-speed protection in d-c. circuits certain 
characteristics must be incorporated in this breaker. 
The operating ‘voltage for the majority of railway 
applications is 600, with a comparatively small number 
of 1500 volts, so that a single break of from 114 


to 114 in. will be sufficient for the contacts when used in. 


conjunction with an auxiliary magnetic blowout circuit. 
With careful attention paid to design of the contacts in 
order to reduce the air-gap in the blowout magnet to a 
minimum, a blowout value of the order of 20,000 
ampere-turns at 5000 amperes will be sufficient where 
high-speed interruption is confined to current values 
of from 3000 amperes upward. For small kilowatt 
capacity machines, where high-speed action is desired 
for currents as low as 800 to 1000 amperes, blowout 
values must be materially increased to assure satis- 
factory results in operation. 

Blowout values of this order may be expected to 
remove an arc from the contact surfaces and transfer 
it to arcing horns during the first one-quarter inch of 
contact travel. Therefore all of the mechanical force 
applied to produce acceleration of the moving contact, 
on opening, should be concentrated so far as possible 
in this first one-quarter inch of travel, and no further 
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importance need be attached to thespeed of contact open- 
ing beyond this point except to insure that there is suf- 
ficient contact separation at the time the arc is extin- 
guished to prevent reestablishment of the circuit. The 
problem then becomes one of acceleration rather than 
of high speed, since the accelerating force, while quite 
large, is not applied for a sufficient length of time to 
produce relatively high speeds. 

From this it will be apparent that for d-c. service 
any feature which detracts from the amount of contact. 
opening during the first 0.004 second after the breaker 
is tripped will hinder the limitation of current very 
materially. For instance, an auxiliary arcing contact 
with a quarter-inch lead would result in a complete 
loss of this time and a flexible brush contact involving 
a one-eighth-inch follow-up would result in a loss of 
nearly 70 per cent of it. Consequently, where feasi- 
ble, a solid. butt contact without auxiliary arcing 
tips becomes very desirable. Such a contact also 
permits working to a much higher current density, 
resulting in a very considerable reduction in the mass 
to be accelerated since there is no flexible laminated 
copper present to suffer possible deterioration under 
excess temperatures. Given a design in which the 
flexibility necessary to secure adequate contact pressure 
is supplied by a spring,—working through leverage if 
necessary,—the solid butt contact becomes entirely 
feasible for this application. 

The resulting design is, then, a solid butt contact 
which carries main current, on which the arc is drawn 
as soon as mechanical separation of the contact surfaces 
is obtained, and from which the arc is transferred to 
arcing horns very early in the opening stroke by a 
powerful blowout magnet. These arcing horns are an 
integral part of the arc chute and care must be taken 
in the design to arrange them so as to secure the greatest 
possible increase in the length of arc in the shortest 
interval of time. 

In view of the rigid requirements as to time for the 
operation of high-speed breakers in d-c. circuits, the 
delay involved in releasing a mechanical latch of the 
conventional type becomes a severe penalty when 
this device is used. An arrangement which has been 
found well adapted for retaining the d-c. high-speed 
breaker in its closed position comprises a stationary 
holding magnet and an armature linked to the operating 
levers, so arranged that upon the decay of holding flux 
due either to the interrupting of holding current or to 
demagnetization from some other source, the armature 
will release and permit the contacts to open under the 
influence of the opening springs. As the armature 
must be given a high rate of acceleration, its mass will 
be reduced as much as possible, resulting in its being 
worked well up toward the knee of the saturation curve. 

This being a protective breaker, designed to limit the 
rise of short-circuit current in the shortest possible 
interval of time after the occurrence of a fault, some 
form of tripping other than simply the consequence 
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of amperes of over-load becomes essential. An overload 
device is inherently unable to determine whether or not 
a load is to become a hazard until it has already reached 
the hazardous point, and this in the case of a short 
circuit of fast-rising current is far too late to limit that 
rise satisfactorily. A discriminating device known as 
an inductive shunt, whose action is based on the rate 
of rise of current, is best adapted to the requirements. 
The main power circuit in the vicinity of the holding 
magnet is divided into two parallel paths, one of which 
passes through the air-gap of the holding magnet 
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Fic. 4—Time CHARACTERISTICS OF H1GH-SPEED D-c. CIRCUIT 
BREAKER ON SHort-Circuit Test, AT 600 Vorrs 


while the second by-passes this magnet. Under con- 
ditions of steady load or of slowly-rising load, the by- 
pass lead carries a relatively large proportion of the 
current and the air-gap lead a small proportion which, 
due to the arrangement of potentials, produces a flux 
in the holding armature opposed to that generated by 
the holding coil current. So long as steady conditions 
or slowly-rising conditions obtain, the holding coil 
predominates and the armature holds the contacts in 
the closed position. "The by-pass lead is, however, so 
arranged as to be acted upon by a laminated iron 
circuit which, in the event of a rapid rate of rise in 
current, acts to force a comparatively large proportion 
of the load through the air-gap lead momentarily. 
This results in a sudden increase in the demagnetizing 
flux in the holding armature which releases it and 
allows the contacts to open due to the action of the 
opening springs. i 

Fig. 4 shows the time characteristics of a high-speed 
d-c. circuit breaker over a considerable current range 
at 600 volts. For current rises of from five million 
amperes per second upward, for d-e. voltages up to 
1500, these breakers may be expected to limit the rise 
of short-circuit current in from 0.006 to 0.008 sec. 
and to interrupt the circuit completely in from 0.012 
to 0.016 sec. Tests on a 600-volt synchronous con- 
verter substation giving a current rise of the order 
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of thirteen million amperes per second show limitation 
of short-circuit current across the busses to slightly 
less than 300 per cent of normal load. For machines 
whose characteristics give a slower rate of rise such 
as d-c. generators, the time of limitation and in- 
terruption of current will be proportionately longer 
while still providing adequate protection to the con- 
mutating apparatus. Fig. 5 is an oscillographic record 
of high-speed breaker performance on heavy current 
at 600 volts. 

For a-c. railway service, the high-speed breaker 
assumes an entirely different form. The majority 
of such applications today are main-line electrification 
projects fed from overhead contact lines at 11,000 volts, 
25 cycles, with frequent movements of heavy trains. 
On such applications, the use of high-speed breakers 
capable of limiting the duration of short-circuit current 
is of considerable advantage in lessening the shock to 
the system, in reducing the damage to contact lines and 
in minimizing the possibility of synchronous machines 
falling out of step. Furthermore, the use of high-speed 
breakers facilitates the coordination of propulsion and 
communication circuits when they are.involved in an 
inductive exposure. As this propulsion service is 
almost entirely confined to a frequency of 25 cycles, 
one-cycle operation allows 0.04 sec. for the detection 
and interruption of a short circuit. 

Essentially a single-pole oil circuit breaker of the 
conventional gravity-break type, this breaker differs 
from the normal-speed oil breaker in that it carries a 


high-speed shunt-tripping device, provision for a high 


acceleration of the moving contacts, an auxiliary mag- 
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netic blowout circuit for lengthening the arc rapidly, 
and is actuated by a specially-designed high-speed 
relay. Unlike the d-c. high-speed breaker, it carries no 
discriminating feature in itself but is actuated solely 
by the high-speed relay in which is incorporated all the 
characteristics necessary for such selectivity in tripping 
as may be desirable for any given application. The 
breaker carries a voltage rating of 15 kv. although all 
electrical clearances outside the interrupting chamber 
are adequate for 37-kv. service. It is designed for 
steady current loads of 1500 amperes at 25 cycles, and 
has an interrupting capacity of 50,000 amperes at 
12 kv. 
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From the design point of view, this breaker presents 
a problem somewhat different from that involved in 
the d-c. high-speed breaker. The holding magnet 
raises problems due to directional characteristics when 
applied to a-c. circuits that require considerable in the 
way of added complications to overcome. Further- 
more, this form of tripping does not carry inherently 
the degree of selectivity desirable for the majority of 
a-c. railway applications and some additional relaying 
becomes advisable when it is used. Consequently, a 
quick-acting mechanical latch released by a high-speed 
trip magnet, which, in turn, is actuated by a high-speed 
selective relay external to the breaker, becomes not 
only feasible but desirable from the point of view of 
close accurate settings for selective tripping. 

The breaker must be trip-free in order to interrupt 
the circuit at high speed in the event of being closed 
against a fault. In the conventional form of oil circuit 
breaker, in order to combine the closing and tripping 
features in a single unit to insure simultaneous action 
in all phases of a multiple-pole breaker, the trip-free 
point is normally placed at the closing mechanism. 
Present-day a-c. railway applications in this country, 
however, are practically all on a single-phase basis 
so that a single-pole breaker meets all requirements. 
The trip-free point may then be placed as close to the 
moving contact element as mechanical and electrical 
requirements will permit, provided the tripping mecha- 
nism is placed at this point also. The point best suited 
to all these conditions will be found at the upper end 
of the contact lift rod, requiring only the contact, its 
lift rod, and one lever to be accelerated on opening. 
The accelerating force may be supplied by a helical 
spring concentric with the lift rod. 


The design of the blowout magnet will vary somewhat 
depending upon the service in which the breaker may be 
applied. Where only low values of short-circuit cur- 
rent are to form a large proportion of the interrupting 
duty, a full iron return circuit may be used to work 
well below the saturation point. If heavy short circuits 
are anticipated, better results will be obtained with a 
magnet having a small section of return circuit designed 
to saturate at six to eight thousand amperes and forcing 
an air return path for the high current values. This 
is in order to eliminate the possibility of lengthening 
the are unduly fast for very high current values having 
a heavy blowout force inherent in themselves. Care 
must also be taken in the design of this magnet from 
the viewpoint of temperature rise, bearing in mind that 
it must be excited by a series a-c. coil, and adequate 
means provided for radiation of heat. In this con- 
nection it may be noted that this application in railway 
service imposes a duty on trolley feeder breakers some- 
what more severe than the standard N. E. M. A. duty 
cycle, in that they may be called upon to perform more 
than the stipulated two-O CO operations at full rated 
current, or a proportionately greater number at lesser 
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current values, before an opportunity is afforded of 
renewing the oil. Provision should then be made in the 
design for a substantially larger amount of oil in the 
interrupting chamber than is required for conventional 
breakers of the same interrupting rating, and this 
increased body of oil will be of material benefit in 
taking care of heat radiation. 


The design of mechanical latch for retaining the con- 
tacts in the closed position must receive careful attention 
in order to insure that the time of unlatching is reduced - 
to a minimum. The conventional form of circuit- 
breaker latch, with right-angled holding face, involves 
inherent time delay, in that the holding face must be 
moved well over the center of the roller before the open- 
ing motion can start. With theheavy accelerating spring 
used, this form may also result in heavier loads than are 
desirable for high-speed tripping. 

Fig. 12 shows the time characteristics of a high-speed 
a-c. circuit breaker on short-circuit test, including the 
operating time of the high-speed relay and shunt trip. 
This breaker is designed to interrupt short-circuit 
currents of from 2000 amperes, upward, in 0.04 sec. 
(one cycle on a 25-cycle wave) after the occurrence of a 
fault. For current values of from 15,000 amperes, 
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Including Time of Relay and Shunt Trip 


upward, the breaker operates rather consistently in 
one-half cycle when the short circuit originates at or 
shortly after the zero point of the wave. In the event 
of the fault occurring relatively late in any given half- 
cycle, it will often persist through the next half-cycle 
before interruption. For current values of less than 
2000 amperes, the time of interruption will still be of 
the order of one cycle, but due to the inherently low 
blow-out values involved, as well as the necessity of 
varied relay settings to secure selectivity, the short cir- 
cuit may persist for an additional half-cycle. Tests 
made at current values of from 10,000 to 15,000 amperes 
over a voltage range of from 1500 to 12,000 volts show 
no appreciable difference in the duration of arcing, 
indicating that within the range of service voltage in 
present-day railway applications, the time of circuit 
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interruption for a breaker of this type is independent 
of initial circuit voltage. Fig. 13 is an oscillographic 
record of performance on short-circuit test at 11,000 
volts. . 

A word as to the problems confronting the design 
engineer in attempting to apply high-speed breaker 
operation of this type to high a-c. voltage service or to 
multiple-phase circuits. It has been pointed out in 
this paper that an auxiliary blowout field is essential 
to high-speed interruption at the lower current values. 
Obviously, to be efficient, the blowout field must be so 
distributed as to supply not only an intense field at the 
point of origin of the arc but also a properly graduated 
field over the whole area in which the arc may exist at 
any stage of its interruption. As the service voltage 
increases, requiring the drawing of longer and longer 
arcs to rupture the circuit, these magnets must control 
ever-increasing areas, becoming in themselves more and 
more unwieldly to support in the breaker chamber with 
adequate insulation clearances. As the magnetic 
structure thus extends farther and farther downward 
into the clear break distance in the open position of the 
contacts in the effort to control the arcing area, to 
secure the necessary break distance for preventing re- 
establishment, the travel of the contacts must be in- 
creased by a safe amount, thus increasing the over-all 
height of the breaker structure and, incidentally, its 
cost. As we approach the point in service voltage at 
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which static shielding becomes necessary, these prob- 
lems become so serious as to suggest seeking some 
method of securing the desired circuit conditions other 
than by the use of high-speed breakers. 

As to application in multiple-phase circuits, it is 
obviously unsafe to permit the contacts of any single 
pole of a multiple-pole breaker to be operated inde- 
pendently of the other poles. This means that the 
tripping point must be so located as to control all of the 
linkage inside of all pole units as well as such linkage 
outside of these units as may be necessary to operate 
the several poles from a central point. This involves 
at once an increase of many times the mass to be 
accelerated at high speed and calls for a class of me- 
chanical design not hitherto used to any extent in 
switching apparatus. At the best, there must be a very 
material increase in the power of accelerating springs 


used, and this power must again be reflected in increased 
closing loads, creating an additional problem not only 
of design but of application as well. 


In general, the conclusion may be drawn that from 
the design point of view, adequate high-speed circuit 
breakers can be supplied to meet the present-day re- 
quirements for machine protection in d-c. railway 
circuits as well as such requirements as may be foreseen 
for some time to come. Also, adequate high-speed 
circuit breakers can be supplied to meet the require- 
ments for protection for 25-cycle, single-phase, railway 
electrification work up to 12,000 volts. High-speed 
a-c. breakers for the next one or two steps above this 
in operating voltage for single-phase railway service 
seem within easy reach although not developed at the 
present time duty to an absence of demand for breakers 
at these voltages. A-c. breakers of this type for high- 
tension circuits, or for multiple-phase circuits at any 
voltage are not at the present time available, and 
seem to present problems requiring a substantial 
amount of development work before they may become 
available. 


OUR DEBT TO MODERN LIGHTING 


According to an editorial in the New York Herald 
the whole modern machine for disseminating informa- 
tion depends on night time reading; that is on cheap 
light. Without light, magazines would be impossible 
because no one would have time to read them. Books 
would be scarce, expensive and little read as, in fact, 
they were when light actually was poor and dear. 
Education formerly and otherwise; a good 34 of preva- 
lent human amusements; most of such activities as 
polities and social intercourse and culture of imagina- 
tion would be impossible if light were costly and if 
man's day began and ended with the sun. Artificial 
light, the printing press and the idea that average 
minds are worth cultivating are three legs upon which 
rests for good or ill the fabric of the present age. 
Destroy any one of them and we return to dark ages 
in more senses than one. 

Modern light, the editor continues, is a result of that 
second step of scientific research called development, a 
process in which many minds must share and which 
requires a continual stream of trained human material. 
If there were no cheap lamps for college students to 
work by there would be fewer trained engineers to 
help lamp development go forward and thus there would 
be fewer improved lamps and no improvement in college 
students and so around the circle again. Some day, 
lighting engineers tell us, we may look back on this 
age and call it dim, for it is claimed that ten or one 
hundred times more light than now might be used to 
benefit. But compared with Aristotle's day we are 
luminous indeed.—-T'ransactions I. E. S. 
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Synopsis.— Gaseous-conductor lamps are finding a wide field of 
application in advertising and display lighting. 

A brief discussion of the theory of the high-voltage type 18 
included. 

The electrical characteristics of typical high-voltage lamps were 


INTRODUCTION 


HE field of application of the gaseous-conductor 

lamp is expanding very rapidly. In the form of 

neon signs, which are growing in popularity, 

it probably will include soon a large percentage of the 

total electrical sign load of the more progressive 
communities. 

The investigation covered in this paper was under- 
taken in order to determine the various electrical char- 
acteristics of typical commercial neon sign lamps of 
the cold-electrode high-voltage a-c. type. Means of 
correcting the normally low lagging power factor were 
also investigated. 

There are several other types of gaseous-conductor 
lamps including the low-voltage hot cathode type, 
the negative glow type, the electrodeless induction 
type, and the television type. These are not con- 
sidered in this paper. 


THEORY OF GASEOUS-CONDUCTOR LAMPS 


The usual form of high-voltage gaseous-conductor 
lamp consists of a length of glass tubing containing gas 
at low pressure and equipped with sealed-in electrodes. 
The gas pressure is adjusted to a value that gives the 
lowest possible ionizing potential consistent with good 
tube life. Visible radiation accompanies the ionization 
by collision phenomena created when a sufficiently 
high potential difference is maintained between the 
two electrodes. | 


Various colors of light are obtained by the use of 
different gases and gas mixtures in conjunction with 
different colors of tubing. ‘Twelve or more shades and 
colors have been obtained by this means. 


A characteristic of all gaseous conductors is that the 
voltage drop between electrodes after the discharge 
has been initiated is practically independent of the 
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Characteristic curves, data and oscillograms are given. 
Power-factor improvement was studied and data covering two 
methods of correction are included. 


current flow. Consequently it is necessary when 
supplying energy to lamps using gaseous conductors 
to provide a circuit having current limiting character- 
istics, because as soon as the discharge starts, the lamp 
gas becomes in effect a conductor, the resistance of 
which is an inverse function of the current. 


POWER SUPPLY FOR GASEOUS-CONDUCTOR LAMPS 


Because of its ease of voltage transformation and 
because any space charge effect within the tube is 
obliterated each succeeding half cycle, alternating- 
current provides the most convenient power source 
for gaseous-discharge lamps, particularly of the high- 
voltage type. Since the resistance characteristic of the 
tube is an inverse function of the current flow, the high- 
voltage transformer used to supply the tube is practi- 
cally short-circuited as soon as the discharge starts. 
It is necessary, then, to employ a transformer of high 
impedance to limit the current flow. "This impedance 
must be principally reactance, since if resistance were 
used, an excessive amount of power loss would be 
incurred. 


When lighted to approximately the brilliancy em- 
ployed in the usual neon sign, a 15-mm. neon tube about 
11-ft. long requires an input of approximately 50 watts. 
This power is consumed very largely at the electrodes, 
(due to space charge effect and electron extraction from 
the electrodes). A tube of half the above length lighted 
to the same unit brilliancy would require much more 
than one-half of 50 watts. 


EXPERIMENTAL INVESTIGATION 


Electrical Characteristics. Several specimens of neon 
and neon-mercury tubing, such as used in commercial 
neon signs, and several neon transformers of the type 
commonly used for sign lighting, were obtained for test. 
The tubes were each 142 in. in length and 
0.59 in. in diameter. The transformers were rated at 
430 volt-amperes 110/12,000-14,000 volts. 


For simplicity in designation throughout the tabu- 
lated data and on the curves, and hereafter in this paper, 
the neon gas filled lamps have been designated as 
"Neon" and the lamps filled with a mixture of neon, 


001 


28-126 


902 


argon, and mercury have been designated as “Mercury.” 

The curves of Figs. 1 and 2 give the characteristics 
of series combinations of two neon tubes, two mercury 
tubes, and one neon and one mercury tube. Two 
sections of tubing involve the use of four electrodes in 
series and constitute an average practical condition. 


Co 
spi 
E mays a 

LS 


SS. 


3 


TRANSFORMER dE VOLTAGE 


Fig. 1—VorLnTAGE-PowER CHARACTERISTICS FOR Two 


TUBES IN SERIES 


1. Two mercury tubes in series 
2. One mercury and one neon tube in series 
3. Two neon tubes in series 


The power factor at normal voltage (110 volts pri- 
mary) ranges from 35 per cent for the neon tube com- 
bination to 45 per cent for the mercury tube com- 
bination and is lagging. As explained before, the 
resistance characteristic of gaseous conductors is such 
that a transformer supplying a shunt load of such 
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2—VoLTAGE-POoWER FACTOR CHARACTERISTICS FOR 
Two TuBEs IN SERIES 


Fia. 


]. Two mercury tubes in series 
2. One mercury and one neon tube in series 
3. Twoneon tubes in series 


conductors must possess a high internal reactance in 
order to limit the load current. A transformer of this 
character, when virtually short-circuited, draws a 
current having a large lagging component which in- 
creases in magnitude as the resistance of the secondary 
load decreases. The effective resistance of the-mereury 
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tubes is made higher than that of the neon tubes in order 
to generate sufficient heat to vaporize the metallic 
mercury. Hence, it follows that a transformer loaded 
with these mercury tubes should consume more power 
at a higher power factor and lower current than when 
loaded with a similar number of neon tubes. The data 
and curves bear out this conclusion. 

The characteristics of series combinations of one, two, 
and three neon tubes are given in Fig. 3. Since 
the effective resistance of the transformer load depends 
upon the number of electrodes and length of tubing in 
series, it would be expected from the previous dis- 
cussion that the power factor and power consumption 
would increase and the current decrease as the number 
of tubes in series is increased. The data and curves 
bear this out. 

Oscillograms of voltage and current were taken on the 
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TRANSFORMER PRIMARY VOLTAGE 


Fic. 3—VoLTAGE-PowER CHARACTERISTICS FOR ONE, Two 


AND THREE NEON TUBES IN SERIES 


1. Oneneon tube 
2. Two neon tubes in series 
3. Three neon tubes in series 


low-voltage and also on the high-voltage side of a loaded 
neon transformer. It was necessary to use a potential 
transformer to obtain the high-voltage wave forms. 
This potential transformer was a duplicate of the step- 
up transformer and had an appreciable effect upon the 
performance. However, cyclograms taken by means 
of the low-voltage cathode ray oscillograph which 
required no appreciable power (approximately 0.5 
watts) showed the general characteristics to be 
unaffected. 

The output voltage and current waves of a loaded 
transformer are shown in Fig. 5. In the upper oscillo- 
gram (OSC. 83), that taken with neon tubes, the very 
pronounced oscillation in the current wave is due to 
two factors. The initial part showing little decrement 
is produced by the impedance drop in the transformer 
drawing the terminal voltage down so low following 
each breakdown that the discharge stops only to be 
reestablished again as soon as the voltage recovers to 
the ionization potential. The latter part is the free 
oscillation of the circuit, that is between the capaci- 
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tance, inductance and resistance of the transformer 
and its load. This free oscillation takes place each half 
cycle after the high voltage has increased to a value high 
enough to sustain continuous ionization. 

In the lower oscillogram of Fig. 5, (OSC. 86) that 
taken with mercury tubes, the current is lower, oscilla- 
tions are much less pronounced and sustained voltage 
is higher than in the neon-tube case. All of these 
effects are produced by the increased resistance of the 
mercury tubes. 


The voltage waves are interesting. In both oscillo- 


OTC 


Load—Three mercury tubes in series 


Fig. 4—Low-Vo.utaGE INPUT TO LOADED NEON TRANSFORMER 


Vi = Voltage 110 volts r. m. s. 
V3 = Current 


grams, at the start of each half cycle, the voltage rises 
from zero at a rapid rate following the normal open- 
circuit secondary sine wave until the ionizing potential 
is reached. At this voltage, sudden breakdown occurs, 
current begins to flow, and the circuit is set in oscilla- 
tion. As previously explained, this oscillation continues 
without decrement until the voltage wave increases to a 
sufficient value to maintain continuous ionization, 
at which point, the free oscillation of the circuit begins 
and is damped out by the resistance of the tubes and 
transformer. Then, as the voltage attempts to rise 
still further, the ionization increases, a greater current 
flows, a greater transformer impedance drop results, 
and the terminal voltage remains practically constant 
until the normal voltage wave decreases to this constant 
value. At this instant, ionization ceases, the voltage 
passes on through zero, increases in the reverse direction 
until the ionization potential is again reached, and the 
above procedure is repeated. 

The performance of the tubes when carrying ab- 
normally high currents was studied. Power was 
supplied by means of a distribution transformer 
rated at 15-kv-a., 11,500/115-230-volt, 2.4 per cent 
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impedance. Power consumption values as great as 
21.9 kw. were obtained with three neon tubes in series. 
Currents as great as 7.5 amperes (about 240 times 
normal) were passed through the tubes. The ac- 
companying illumination was very intense and the tubes 
heated up rapidly. The oscillograph showed the same 
type of transformer output characteristics as those 
obtained with the small transformers (Fig. 5). The 
voltage drop across the tubes was obtained by potential 
transformer and voltmeter, and was found to be ap- . 
proximately 3000 volts for three neon tubes in series 
carrying 7.5 amperes. Under normal conditions of 
operation, with approximately 0.031 amperes in the 
tubes, the voltage drop as determined by sphere-gap 
and cathode ray oscillograph was substantially the same 
value. 
POWER-FACTOR CORRECTION 


The resistance characteristic of gaseous-conductor 
lamps makes it necessary that when operating on al- 
ternating current, they receive their power supply from 
a source of high impedance. This is accomplished 


Load—Two mercury tubes in series 


Fis. 5—Hian-VovrAGE INPUT TO NEon TUBES 


Vi = Voltage of two tubes 
^». V3 = Tube current 


most satisfactorily from the standpoint of power con- 
sumption and current requirement by employing high- 
voltage transformers having abnormally high leakage 
reactances. Such a load combination will necessarily 
draw lagging currents from the supply system. 


CORRECTION ON Low-VOLTAGE SIDE OF TRANSFORMER 
BY USE OF STATIC CONDENSERS 


By the use of static condensers shunted across the 
low-voltage side of the transformer, it is possible to 
correct the power factor to any desired value. In 
Table I is given the corrective volt-amperes and the 
corresponding condenser capacitance required to correct 
the power factors of the various combinations of tubes 
to 80, 90, and 100 per cent: 
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TABLE I 
LOW-VOLTAGE POWER-FACTOR CORRECTION 
110.0 Volts, 60 Cycles 
Tubes Power factor (lagging) |Low-voltage correction 
Condenser 
Number Volt- capacitance 
in Uncor- amperes (micro- 
Type series rected Corrected | (leading) farads) 
Neon 1 0.234 0.800 419. 91.8 
ds 1 0.234 0.900 452. 99.0 
" 1 0.234 1.000 511 112.1 
Mercury 1 0.204 0.800 390. 85.4 
s 1 0.264 0.900 426. 93.3 
" 1 0.264 1.000 491 107.5 
Neon 2 0.350 0.800 335. 73.3 
s 2 0.350 0.900 382. 83.6 
" 2 0.350 1.000 460. 102.0 
Mercury 2 0.450 0.800 239. 52.3 
"n 2 0.450 0.900 291. 63.7 
ux 2 0.450 1.000 385. 81.3 
1-Hg-1-Ne 2 0.394 0.800 287. 62.8 
i s 2 0.394 0.900 336. 73.5 
A X: 2 0.394 1.000 423. 92.6 
Neon 3 0.461 0.800 255 55.8 
^ 3 0.461 0.900 313 68.5 
s 3 0.461 1.000 418 91.6 
Mercury 3 0.621 0.800 74 16.2 
d 3 0.621 0.900 113 24.7 
1 3 0.621 1.000 182 39.8 


CORRECTION ON HIGH-VOLTAGE SIDE OF TRANSFORMER 


Interesting results can be obtained by employing a 
series condenser in the high-voltage circuit. Table II 
gives the results of a series of measurements using three 
neon tubes and various values of series capacitance. 
The power factor remains high overa widerange. Upto 
a certain point, the power requirement increases with 
increase in capacitance and then decreases. The 
tube brilliancy is in this case apparently roughly pro- 
portional to the power consumption. For very low 
values of series capacitance the tubes are unstable at 
normal voltage because through the resistance of the 
tubes the condersers charge up quickly during each 
half cycle and block off the current flow. As a result 


TABLE II 


LOW-VOLTAGE CONDITIONS AS AFFECTED BY HIGH- 
. VOLTAGE SERIES CONDENSER 


8 Neon Tubes in Series, 110 Volts. 60 Cycles 


Low voltage High-voltage 
— — ———— ————————— series 
Power condenser 
Amperes Watts factor (microfarads) 
1.87 201. 0.990 0.00715 
2.21 241. 0.992 0.00813 
2.99 329. 1.000 0.01080 
3.48 383. 1.000 0.01250 
5.29 578 0.993 0.01730 
8.34 862. 0.940 0.02210 
10.10 740. 0.664 0.02470 
6.76 384. 0.516 0.03260 


the illumination persists for only a fraction of each half 
cycle. 
Resonant conditions are produced by the series con- 
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TABLE III 
POWER-FACTOR CORRECTION WITH HIGH-VOLTAGE SERIES 
CONDENSER 
110.0 Volts, 60 Cycles 
High- 
Tubes voltage Low voltage 
— — ———— series 
Number; condenser 
in (micro- Current Power 
Type series farads) (amperes) | (watts) | Power factor 
Neon 1 0.00553 1.22 113 0.842 (Leading) 
" 1 0.00652 1.53 138 0.821 < 
M 1 0.00776 1.82 164 0.820 e 
s 1 co 4.78 123 0.234 (Lagging) 
Mercury 1 0.00553 1.30 126 0.881 (Leading) 
M 1 0.00652 1.56 148 0.560 
S 1 0.00776 1.97 183 0.843 ii 
S 1 co 4.62 134 0.264 (Lagging) 
Neon 2 0.00553 1.45 147 0.924 (Leading) 
= 2 0.00652 1.76 177 0.912 = 
2 0.00776 2.12 212 0.910 " 
g 2 oo 4.53 174 0.350 (Lagging) 
Mercury 2- 0.00553 1.75 185 0.958 (Leading) 
i 2 0.00652 2.03 210 0.942 
s1 2 0.00776 2.54 264 0.943 * 
2 co 3.92 194 0.450 (Lagging) 
1 -Hg 
+1 —Ne 2 0.00652 1.91 193. 10.920 (Leading) 
1-Hg 
+1 -Ne 2 œ 4.18 181. |0.394 (Lagging) 
Neon 3 0.00553 1.64 175 0.972 (Leading) 
s 3 0.00652 2.01 210 0.950 s 
£ 3 0.00776 2.44 254 0.948 “ 
ü 3 oo 4.28 217 0.461 (Lagging) 
Mercury 3 0.00553 2.04 220. 10.982 (Leading) 
^ 3 0.00652 2.46 264. 0.977 ie 
" 3 0.00776 2.99 321. 0.976 T 
E 3 oo 2.11 144 0.621 (Lagging) 


densers, and consequently voltages of abnormal magni- 
tude appear across the high-voltage winding of the 
transformer and across the condenser. 

If the series condenser correction were to be employed 
in practise, it would be necessary to insulate the trans- 
formers for approximately twice the high-voltage po- 
tentials that at present prevail. 

CONCLUSIONS 

1. Theinherent characteristics of gaseous-conductor 
lamps are such that when supplied from an a-c. source, 
the transformer must have a high leakage reactance. 

2. Because of the combined characteristics of the 
lamps and supply transformers, the currents drawn 


have a large lagging component. 


3. Power factor is improved by increasing the 
number of tubes in series or by increasing their re- 
sistance. 

4. The probable future almost universal use of 
gaseous-conductor sign lamps will necessitate the use of 
power-factor correction or the application of special 
power rates if the use of the high-voltage type lamp is 
continued. 

5. Power-factor correction can be accomplished by 
the use of parallel capacitance on the low-voltage side 
of the transformer, or series capacitance in the high- 
voltage circuit. . 
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INTRODUCTiON 


OME 15 years ago in a substation supplying power 
to an interurban electric railway system it was 
demonstrated that electro-mechanical devices could 

be made to operate the apparatus so successfully that 
human attendance might not be necessary. Since 
that time, the development of these automatic devices 
has been extremely rapid and as a result of the progress 
- in this branch of the art, the automatic substation of 
today has reached a high state of development. 

It must be borne in mind that the substation is a 
definite part of the electric distribution system and that 
the location of the substation in the distribution net- 
work has a most important bearing on the cost of the 
distribution system. 

It is the desire of the author to point out some of the 
advantages to be gained by the use of the automatic 
substation and to discuss, in a general way, some of the 
factors which play a most important part in the distri- 
bution of the electrical energy to a community. 

The automatic substation has been found ideally 
adapted to the following types of installation. 

1. A supply of d-c. energy to urban, metropolitan, 
' and interurban street railway systems. 


2. The rural substation supplying only alternating 
current. 


3. On consumer’s premises where a special substa- 
tion is necessary and where the customer's requirements 
may call for either or both alternating or direct current. 


4. In supplying energy to a 220-volt d-c. Edison 
network in a metropolitan community of not excessive 
size. 


5. In metropolitan areas where one or more types of 
service may be supplied from the same substation. 
The latter may involve a combination of several of the 
above types. There are, perhaps, several other classes 
that might be added, such as automatic operation of 
synchronous condensers at isolated points and a 
semi-automatic installation in a large station. This 
condition assumes that the station has a large number 
of units and that switching conditions require an at- 
tendant. Insucha station, it is probable that complete 
automatic operation is not advisable, yet partial auto- 
matic operation may reduce operating expense and 
give better service than a completely manually-operated 
station. | 

1. Engineer, Pacific Gas & Electric Co., San Francisco, Calif. 


Presented at Pacific Coast Convention of the A. I. E. E., Spokane, 
Wash., Aug. 28-81, 1928. Complete copies upon request. 


It is today generally recognized that for certain 
installations the automatic equipment can be made 
more foolproof than manually-operated, and that in 
certain types of installations, the automatic equipment - 
will restore service faster than the attended equipment. 

Assume a medium size system, wherein one or 
more automatic stations are equipped with supervisory 
control, the control point being an adjacent substation. 
If such a system is to be operated on the orders of a 
central load dispatcher, and if the control station must 
obtain orders from the dispatcher before carrying out 
any switching operations in the automatic substation, 
it is probable that better service will develop if the 
automatic substation be of the fully automatic type 
rather than supervisory, as in times of trouble or if 
faults develop, the fully automatic substation will 
eliminate the defective equipment and will restore 
service faster than if supervised. However, there is 
always a feeling on the part of the operating man, in 
which he may be justified, that some one should know 
what is going on in the automatic substation, as 
apparatus may lock out and nothing will be known of it 
until the customer complains or the routine inspection 
takes place. Such operation may cause a serious im- 
pairment in the service. Hence, a combination of 
automatic and indication at some distant point may 
be found to be the ideal solution, as the equipment will 
take care of itself during times of trouble on the system 
or locally and at the same time some one knows whether 
the station is functioning satisfactorily or not. 


SUPPLY OF POWER TO URBAN AND INTERURBAN 
RAILWAY SYSTEMS 


In installations of this type, the automatic substation 
finds its ideal application. Certainly in both metropoli- 
tan and interurban communities, there is a large reduc- 
tion in the amount of feeder copper necessary, with 
an attendant improvement in voltage regulation if the 
substations can be economically spaced and located. 

If more than two machines are necessary, it is possible 
that some form of supervisory control equipment may 
be simpler and less costly in both installation and 
operation. This statement is particularly true if 
remote control indication is desired, since the control 
or indicating circuit would be existant and the addition 
of supervisory control would not be a costly addition. 
The installed cost of the automatic equipment for a 
railway machine, with feeders, represents an expendi- 
ture of approximately 30 per cent of the cost of the 
machine itself and the cost of this equipment does not 
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materially change with the size of the machine, if units 
between 500- and 2000-kv-a. are considered. It is there- 
fore desirable to use as large equipments as are economi- 
cally possible, to reduce the number of units, the size 
of the building, and the number of switching elements, 
etc., and in order to obtain simpler operation. 


RURAL SUBSTATIONS, ISOLATED CONSUMERS, AND 
SPECIAL SYNCHRONOUS CONDENSER INSTALLATIONS 


The introduction of automatic devices has materially 
bettered the service, with only a slight increase in cost. 
The outages due to line troubles have been materially 
decreased by the automatic reclosing breaker, as trouble 
often clears on the first opening and service is resumed 
as soon as the breaker is reclosed. 

To both the isolated consumer and rural substation, 
it is possible to give a most reliable type of service if two 
supply lines feed the substation, as the present-day auto- 
matic devices effect a quick transfer of the load from 
one circuit to the other in the event of interruption and 
will transfer the load back to the preferred circuit if 
desired. 

The application of the automatic principle to the 
isolated synchronous condenser station for power- 
factor and voltage correction has made such installa- 
tions economically justifiable since the substation does 
not require any attendant or housing facilities for him. 

With most satisfactory performance of the auto- 
matic substation, it is now possible to locate such facili- 
ties at the most advantageous point on the distribution 
system. This means a reduction in the length of 
feeders, better regulation, and, particularly in rural 
communities, cuts down the length of individual 
feeders that in the event of line trouble, a large territory 
is not out of service at one time. Such rural sub- 
stations occupy a small amount of ground space, 
and the apparatus can be housed either in steel cells 
or be made completely outdoor. 


SUPPLY OF ENERGY TO A 220-VOLT D-C. EDISON 
NETWORK 


Why should an existing d-c. supply be abandoned 
in favor of an a-c. supply? 

If there are no batteries, or if the batteries are not 
sufficiently large to carry the system even at reduced 
voltage during times of system trouble, there is always 
the difficulty as to how service could be restored on the 
Edison network during times of system trouble. Such 
a d-c. network requires a large amount of copper and a 
large number of ducts. The capital investment and the 
operating expense for such a system, particularly if 
batteries are required, are greater than for an a-c. 
system of equal capacity. | 

With these general factors in mind, it is not difficult 
to see why the a-c. system is to be preferred. Yet, on 
the other hand, there is nothing simpler to operate than 
a d-c. Edison network, and maintenance costs for the 
underground system are not high. If a new system 
were to be built today, it is doubtful if the d-e. would 
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be installed; and yet where such systems are installed, 
with the changed conditions brought about by the 
automatic substation, it is likewise doubtful if ana-c. 
supply should be selected to supplant the existing d<. 
system. With the newer types of motor-generators 
with load limiting and similar characteristics, and with 
the automatic devices now available, if the d-c. sys 
tem can be fed from a number of substations with 
not more than two units per substation, a very economi- 
cal and high quality of service can be rendered. The 
d-c. system can be operated as a network with a material 
reduction in the length of feeders, number of ducts, 
and consequent savings in losses and investment, and 
without storage batteries,——the automatic equipment 
restoring service most satisfactorily in the event of 
trouble. It is not intended to imply that automatic ` 
equipmentin a system of thistype is the equal of manual 
stations with storage batteries, nor that in extremely 
large metropolitan areas where the density of load is 
very heavy, the automatic substation can supplant 
the manual substation entirely. The distances between 
substations will not be great and as there wil! be ro- 
tating apparatus installed, and as the service demanded 
must be of an excellent character, it is probable that 
some form of supervisory control will be most advisable. 
An a-c. supply to deliver service equal to that of direct 
current should be operated as a network. Such a supply 
means large transformer vaults, with some problems of 
ventilation, network protectors, etc. Certain existing 
consumers will still demand some d-c. supply, for which 
there must be some form of conversion apparatus. 


Owing to crowded street conditions, it is not always 
possible, to find ample space for the necessary a-c. 
facilities. 


AUTOMATIC SUBSTATIONS IN METROPOLITAN AREAS 


In large metropolitan areas, the use of the automatic 
substation vs. the attended station requires more care- 
ful consideration than in any other situation, as there 
are many things that affect the problem, such as the 
several classes of service that may have to be supplied 
out of one station, the density of load, the cost of the 
supply lines to the substation, the cost of real estate 
and building, and the question of fire risk. 

If the utility is to supply several classes of service,— 
such as a street railway system, d-c. Edison service, 
a-c. service for industrial purposes, and street lighting, 
all out of the same station,—it is most probable that the 
variety of service and amount of apparatus can best 
be served from an attended substation. With such an 
installation, the application of partially automatic opera- 
tion, such as reclosing feeders on the a-c. system, 
automatic operation of all station auxiliaries, automatic 
starting of railway motor-generators or rotaries, will be 
justified, as it will reduce the number of attendants and 
at the same time better the service. 


Where the generating capacity is of such an order that 
the use of oil switches of high rupturing capacity is 
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necessary, switching costs at the substation are fac- 
tors in the cost of the total development. In order 
to reduce the cost per kv-a. of switching and under- 
ground lines, supply cables must be of such a size that 
they will carry loadsof approximately 7000 kv-a.,(assum- 
ing the supply system is 12,000 volts) and to further 
reduce costs, it is possible to eliminate the switching 
at the substation end by treating the cable and trans- 
former bank at the substation as a unit, thus saving 
not only the cost of switches, switchboard, ete., but the 
building space also. 

The automatic station lends itself particularly well to 
this design if a spare cable and transformer bank unit 
are installed,A—the banks feeding the secondary bus 
through oil switches, the secondary bus, in turn, being 
arranged in units with a given number of feeders per 
bank, and the secondary bus sections so arranged that 
they can be tied together through oil switches. In the 
event of a failure of a cable or bank unit, the main 
secondary oil switches on the bank open, the secondary 
bus tie switches close, and the other bank takes the load. 
Such an installation can be made with two or more 
banks and cable units, it being necessary that the bank 
and cable unit have some spare capacity in order to take 
the load of the adjoining section. 

Such an installation requires no switches on the high- 
voltage side, a minimum number of relays, is without 
the complications of high-tension switching, and it is 
would probably be cheaper than any other instal- 
lation, if the costs of switching and building are of seri- 
ous moment in another type of design. 


REMOTE LoAD INDICATION AND OTHER METERING 
EQUIPMENTS 


If the distribution network is fed by a number of 
substations and if the feeders are, or can be-tied to- 
gether through sectionalizing switches, it is often 
desirable to know the load the several units in the 
automatic substations are carrying; this is all the more 
important if the station is of supervisory control, as 
the control station must be in a position to know when 
to put in and take out the supply units. 


SUBSTATION DESIGN 


The design of the automatic substation is somewhat 
different from the attended substation. The most 
important elements to be noted are: 

1. The design of the building if apparatus must be 
housed, or design of the structures if it is to be outdoor. 

2. Ventilation in the case of housed equipment. 

3. Firerisk. 

4. Economical arrangement of apparatus, particu- 
larly with relation to the building structure, and with 
the interconnected devices. 

5. Arrangement and grouping of the apparatus to 
facilitate quick inspection, and location of faults. 

Building Design. If the substation is to be located 
in a residential area, special treatment must be accorded 
the building to make it harmonize with the surrounding 
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property. It must be architecturally attractive, very 
probably should not be over two stories high, and 
must be of such construction that if the apparatus 
located therein is noisy, such noise will be confined to 
the building. 

In a noiseproof station, it will be necessary to provide 
some form of double walls; that is, an outside wall with 
intervening air space between it and the inside wall, the 
latter being of plaster or similar material. In place 
of the double wall, it is possible to use sound absorbing 
materials. It will be found advisable to eliminate all 
windows and skylights and reduce the number of doors 
to a minimum, using a heavy door of wood con- 
struction and then placing a removable covering over 
this door, such covering to be placed on the inside 
of the station, and built of soundproof materials. 
It must also be bolted tightly against the main door 
frame. The smaller entrance should be through a 
vestibule having two doors. All cracks around the 
doors must be absolutely tight, as small cracks offer a 
passageway for a large amount of sound. 

The air entrances and exits must be properly baffled. 
It is probable that in a residential area, all wires leading 
to and from the station will have to be underground 
for at least a limited distance. If the station contains 
several classes of apparatus located in separate rooms, 
it may be necessary to build only one part noiseproof, 
the static apparatus not causing sufficient noise to 
require the extra precaution and expense necessary with 
rotating machinery. 

A very economical design has been worked out, 


- wherein all wires are brought to the substation under- 


ground, such wires terminating in a steel cell which 
houses the oil switch, instrument transformers, dis- 
connecting switches, switchboard instruments, ete. 
Bypass switches (air type) are provided in the cell to 
allow for inspection of the oil switch. All leads to the 
transformers and regulators are wiped in. This type 
of design has a decided advantage, in that there is not 
an exposed wire in the installation. Indoor equipment 
(which is cheaper than outdoor and incidentally more 
easily obtained) can be used. (For complete details, see 
article by R. C. Powell, Electrical World, Feb. 26, 1927, 
Vol. 89, p. 449.) 

Ventilation. If ventilation is required, it presents no 
difficult problem; it is only an added expense. In or- 
der to reduce the quantity of dust and dirt brought 
into the station, it will be found advisable to install a 
dry filter type of air-cleaning equipment. The installa- 
tion will be found justified by the reduced cleaning and 
maintenance that would otherwise be necessary. 

These filters will not decrease the passage of noise, 
and if noise is to be eliminated it will be necessary to 
provide baffles or mufflers both in entering and leaving 
air passages. The ventilating installation may require 
either forced or exhaust fans, or both. If the substation 
is under supervisory control, and if the load has a 
definite daily characteristic, after the temperature 
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characteristics of the station are known, the fans can 
be controlled from the supervising station. The use of 
thermostats for starting and stopping fans is quite 
reliable and low in first cost. 

Fire Risk. The building should be of fireproof type. 
The question of fire risk has received, perhaps, the 
least attention, and yet it is one of the most important 
of considerations. While electric fires are few in number, 
they do occur, and if in an unattended station, consider- 


IN STEEL COMPARTMENTS 


SwITCHES 


Fig. 1—11-Kv. 


A simple roll-out type of switch is used requiring less space than the 
truck type. Control connections are made through flexible couplings 


able damage may result before anything is known of the 


accident. 

It is therefore most desirable to locate transformers 
out of doors, or to house them in a separate building 
or part of the substation. It is entirely probable that 
they can be located outdoors in such a way as not to 

be unsightly, particularly if they are protected by a 
. wall or screen. It is advisable to have all connecting 
leads wiped in rather than have exposed bushings. 

Oil switches should be in compartments with barriers 
soarranged as to preventthe spread of fireand theflow of 
oil in the event a tank bursts, (Fig. 1). Induction reg- 
ulators cases should be of strong construction, prefer- 
ably boiler plate type; there should be proper barriers 


between each group, a small pit or oil dam being 


provided for each set. If there are high-tension 


switches, it will be advisable to locate them in a part of 


the building isolated from the other apparatus, and 


should there be any large number of switches or 


regulators, it may be advisable to erect partitions which 
will provide a number of small rooms instead of one 
large open space. The location of the apparatus with 
reference to adjoining apparatus, wiring on the switch- 
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board, etc., should receive most careful consideration. 

If a fire should occur, it is necessary to have the 
ventilating fans stop. This can be done by locating 
fusible links at critical parts of the room the links so 
arranged that they will open the control circuit of the 
ventilating fan; if the substation is of supervisory or 
indicating type, the opening of such circuits could 
be registered at the control point. 

Arrangement of Apparatus with Relation to the Building 
Structure, and Grouping to Facilitate Quick Inspection. 
The designer of the station must consider both of the 
above features when laying out the station, as it is 
essential that an economical arrangement be had, and at 
the same time it is equally essential that the apparatus 
be so grouped that trouble may readily be located if and 
when it develops. 


It may be found advisable to arrange the switchboard 
in two sections, (back to back), the machine relays and 
instrument equipment; the feeder equipment, such as 
the relays and circuit interrupters, being on the front 
board, and on the board to the rear, the disconnecting 
switches and such relay and metering equipment as is 
not essential on the front board, (Fig. 2). This 


2—FRoNT oF SWITCHBOARD 


Fic. 


Contains 11-kv. control panels, automatic equipment for two machine 
control, and four feeder circuit breakers. Note the load-limiting resistors 
on the gallery i 


arrangement has decided advantages. It makes pos- 
sible reduction in the length of the building; but 
more important, it permits the placing of the heavy 
bus in a position well above the other apparatus, 
thus making it easy to connect the bus to the breakers, 
or circuit interrupters, and the disconnecting switches. 
At the same time leaving the backs of the boards 
clear of heavy copper, which, under the older type 
of installation, makes it extremely difficult to get at or 
change incidental wiring on the rear of the panels, 
(Fig. 3). 

Where fuses are used on 600-volt potential or control 
circuits, the cartridge should be enclosed in a non- 
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conducting, fire resisting box, as the failure of a fuse to 
function properly is likely to cause serious destruction 
to the adjacent wires. — 

Where rotary converters are used, the placing of the 
transformers outside of the main building has distinct 
advantages in reducing the cost of the building and 
ventilation. They should be located as close to the 


Fig. 3—View BETWEEN FRONT AND REAR SWITCHBOARDS 


Note the absence of heavy copper runs on back of panels. Metal 
trough overhead is divided into three compartments with removable 
sections on sides. Note ease with which the interconnecting leads are 
taken out of this box to various control panels. Barriers on left are 
between the d-c. feeder panels 


4—Two 1500-Kw. 600-Vorr CONVERTERS 
Note short leads from the machine to the two high-speed circuit 


F ia. 


breakers on ‘negative side. The metal boxes overhead enclose the 
secondary leads from transformer 


machines as possible to reduce the length of the secon- 
‘dary leads. When on the negative side of the machine, 
the high-speed circuit breakers should be as close to the 
machine as possible and adjacent to their complemen- 
tary resistors. Themachine and breakers can be treated 
as a unit, as this equipment must be out of service if it 
is desired to work on any part of the unit. If these 
devices are not located close to the machine, long runs 
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of heavy cable and control leads are necessary. An 
example of how this apparatus may be grouped and 
made a part of the unit is shown in Fig. 4. 


CONCLUSION 


The automatic substation has been developed to a 
high degree of perfection. It can be relied upon to 
deliver an excellent type of service, particularly if proper 
precautions are taken in design and installation. 
In many cases it will deliver better service than that 
given from an attended station. Careful inspection 
and maintenance will prevent much trouble. 

This development has provided means for locating. 
the supply station at those points in the distribution 
network where previously such a station would not have 
been economical, and as a result, large economies in the 
distribution network can often be effected by the ap- 
plication of the automatie substation; but to make this 
possible, it is essential that the substation investment 
should not overbalance the saving to be effected in the 
distribution system. 


USE OF MEGGER CIRCUITS IN 
GEOPHYSICAL PROSPECTING 


The increasing interest in the use of electrical or other 
geophysical methods for the location of underground ore 
deposits has led the United States Bureau of Mines, 
Department of Commerce, to study the possibilities of 
the use of the megger circuit for the measurement of the 
variation of ground resistivity, an important factor in 
this means of mineral prospecting. 

The megger may be used to measure the various 
average resistivities at different depths from the surface 
or to compare the various average resistivities at the 
same depths. With its use it is possible to locate the 
direction of the dip and strike of a concealed instrusion, 
such as a body of ore. About three sites or areas can 
be measured in one day to a depth of 600 ft. by a crew 
of three men. 

The megger as it is built at present is not entirely 
suited for geophysical prospecting, states Doctor 
F. W. Lee in Technical Paper 440 recently issued by 
the Bureau of Mines. Various improvements which 
would help in the operation of this instrument in the 
locating of underground ore bodies are summarized in 
Technical Paper 440, copies of which may be obtained 
at a price of 10 cents from the Superintendent of 
Documents, Government Printing Office, Washington, 
D. C. 


Ottumwa, Iowa, is seeking a permit to allow the city 
to straighten the channel of the Des Moines River 
in its flow through the city, this movement being in the 
cause of flood protection. Horace A. Brown, superin- 
tendent of the Ottumwa waterworks, has a plan in- 
volving the installation of a hydroelectric plant, by 
which means, it is held the cost of the project, ap- 
proximately $1,000,000, could be reimbursed. 


Abridgment of 


Automatic Stations 
ANNUAL REPORT OF COMMITTEE ON AUTOMATIC STATIONS 


To the Board of Directors: 

The Committee on Automatic Stations was appointed 
April 8, 1927. This, its first annual report, will give a 
general description of automatic station development 
during the past decade, and will enlarge upon some of 
the more important new features brought forward during 
the past year. Research, operation, standards, bib- 
liography, and suggestions for future study will each 
recéive attention. 


RESEARCH 


Research has been carried forward by operating and 
manufacturing companies with assistance rendered by 
several universities. The principal studies have been 
concerned with the operating requirements of devices 
for various classes of service. The number of cycles of 
operation per year for some of the more important 
devices have been determined. ° 

Overcurrent relays, differential relays, and other 
similar protective relays, operate through about 300 or 
less cycles per year. Overcurrent circuit breakers in 
railway service may operate through as many as 1000 
cycles per year. Load-limiting resistors may be intro- 
duced into cireuits by the operation of their short- 
cireuiting devices from 500 times per year in Edison 
Service to 100,000 or more times per year in interurban 
railway service. Regulating relays may be called upon 
to operate between 1,000,000 and 30,000,000 cycles per 
year. Other devices may be called upon to operate 
between the limits as given for overcurrent relays as an 
average minimum and regulating relays as an average 
maximum. In order to derive a maximum benefit 
from the particular device in its particular service, 
each application, particularly to automatic station 
service, requires a full knowledge of operating require- 
ments. e. 

Another field of research has been in the determina- 
tion of the minimum protection required for various 
classes of power apparatus in automatic stations. 
The results of these studies are given in the Standards 
for Automatic Stations recently approved by the Board 
of Directors. Still another field for research has been 
in the study of operating conditions and requirements 
so that the automatic stations might be designed along 
simpler lines to give greater reliability and continuity 
of service. Valuable assistance has bee nrendered to 
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the manufacturers by the engineers of operating com- 
panies. Several papers were prepared and presented 
by these engineers describing their experiences with 
automatic stations. This has stimulated the manu- 
facturers toward the development of less complicated 
devices which give more reliable operation and permit 
better service to be rendered by public utilities. 


DEVELOPMENT 


Development has been directed toward simplifying 
operating sequence, reducing the number of devices 
required for various classes of equipment, and making 
the operation more positive and reliable. Controls 
have been developed recently for power rectifiers. A 
brief description of the outstanding features of these 
designs is given later. 

Supervisory systems for the control of remote power 
apparatus have reached a high state of development. 
Several papers indicating the trend of this development 
have been presented to the Institute. Many refine- 
ments have been incorporated, and these systems are 
now considered to have an important field of 
application. í 

Telemetering is new. Only about a dozen systems 
including it are in service. Operating experience is 
needed. The state of development has not yet been 
passed. Several systems now being offered are simpler 
and more reliable than the older ones. They indicate 
that this important adjunct for automatic stations 
may soon be incorporated in standard designs. 


POWER RECTIFIERS 


Power rectifiers are the latest type of power con- 
version apparatus to be used in automatic stations. 
These differ from the usual rotating power apparatus 
in that they have no inherent mechanical moving parts. 
They differ from the usual static power apparatus in 
that they require auxiliary features which have mechan- 
ical moving parts. 

The power rectifier employing mercury is a static 
converter with a moving arc stream. The load re- 
sponsive starting and stopping features of the control 
resemble those used for rotating synchronous con- 
verters. The methods used for starting and for 
stopping, and the protective measures resemble those 
used with static transformers having artificial cooling. 
Several features, however, are peculiar to the power 
rectifier. They are; (1) the rectifier must be ignited 
and (2) a relatively high vacuum must be maintained. 

Ignition of the rectifier is accomplished by a moving 
auxiliary electrode. Some schemes use alternating 
eurrent for the arc starting; some use direct current. 
When alternating current is used for ignition, two ad- 
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ditional auxiliary starting electrodes are required. The 
ignition equipment is fully automatic. It starts the 
arc as soon as a-c. power is available. It extinguishes 
the starting arc as soon as the power arc is formed and 
maintained. It will re-ignite the rectifier automatically 
if for any reason the power arc is extinguished. 

The required vacuum is usually maintained by two 
pumps. One is a rotary motor-driven oil-sealed 
mechanical pump; the other a mercury condensation 
pump. These start and stop in response to vacuum 
conditions as indicated by a vacuum relay. 

Water cooling systems are usually favored for pre- 
venting the rectifier temperature rising above a specified 
maximum. It is controlled by conventional thermal 
relays connected in the operating sequence of the 
automatic switching equipment. 

The minimum protection recommended for power 
rectifiers is less than that recommended for synchronous 
motor generators and synchronous converters, but is 
greater than that recommended for static transformers, 
synchronous hydroelectric generators, and synchronous 
condensers. 


Protection against a-c. undervoltage, single-phase 
starting, and single-phase operation is sometimes re- 
quired for power rectifier auxiliaries under certain con- 
ditions. Protection against severe a-c. over-current is 
generally required. In the case of power rectifiers, it 
may be self-resetting, while for rotating machines, it is 
usually of the lock-out type. This is due to the differ- 
ence in the inherent characteristics of the two machines. 
Protection against d-c. reverse current and excess 
temperature due to sustained overload is provided 
for the power rectifiers just as for rotating power 
apparatus. Power rectifiers, unlike most other types 
of power apparatus, are usually provided with pro- 
tection against poor vacuum, failure of vacuum pump, 
and failure of cooling fluid supply. 


The starting and stopping of power rectifiers in 
automatic stations follows the same principles as 
developed for rotating machines. Some device sub- 
stitutions are made in the protective circuit to suit the 
individual characteristics of the rectifiers. Similarly, 
load-limiting and load-shifting features may be provided 


just as for rotating machines, particularly synchronous ` 


converters. 


In general the automatic control for power rectifiers 
is similar to that for rotating machines, excepting 
where it has been necessary to develop some special 
devices to suit the peculiar characteristics of the recti- 
fiers just as it was necessary to develop special devices 
for some of the peculiar characteristics of synchronous 
motors, d-c. generators, synchronous converters, and 
other types of power apparatus. 


SUPERVISORY EQUIPMENT 
Supervisory equipment is rapidly assuming an 
important place in the design of electric power systems. 
It is being used not only for the supervision of automatic 
stations, but for the supervision of important power 
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distribution networks and the operation of large sub- 
stations and generating stations. The trend is defi- 
nitely toward a simple system normally at rest. Any 
operation either to actuate a device or to report an 
actuation starts a sequence. This usually continues 
until the operation and report are completed; then 
the system remains at, or returns to, a position of rest. 

Three or four line wires continue as standard for 
supervisory systems with visual indication of operation 
and the usual operating currents and frequency. 
Carrier-current systems use either one or two wires, or, 
in some cases, are superimposed on power circuits. 
Each method has a field of application depending upon 
local conditions and operating requirements. 

Several designs of supervisory equipment use the 
ordinary telephone apparatus and telephone com- 
munication circuit for both talking and control, as 
well as answer back. These have a relatively restricted 
application. 

Reliability of supervisory systems and equipment is 
only as good as the line wires which are provided. The 
terminal apparatus may be perfect; it may operate 
precisely as the designer intended it to operate; yet, 
if the wires connecting the terminal equipments fail, 
the entire system is rendered inoperative. It is neces- 
sary that this feature of supervisory equipment be taken 
into account in its application, since it has shown a 
definite limit for such systems under present day operat- 
ing conditions. 

TELEMETERING 

Telemetering is just coming to be recognized as a dis- 
tinct necessity in the operation of automatic stations,— 
particularly those forming part of large electricity 
supply systems. Developments have been rapid 
during the past two years. A number of systems 
are on trial, most of them too elaborate for economical 
application. Some give promise of meeting the require- 
ments of high accuracy, low cost, reliable operation, and 
freedom from resistance and other circuit errors. 

The telemetering systems now in operation are used 
for a very wide variety of purposes; some give readings 
of circuit current and voltages; some give readings 
of station load; still others are used for transmitting 
to a central office, the readings of total station loads, and 
also for again totalizing all the stations on a system and 
returning this total to each of the contributing stations. 
Still other systems are used for giving a central dis- 
patcher knowledge of the distribution of demand over a 
given system. Others serve to adjust the supply of 
power from two sources in proportion to the load 
demand required from these two sources. 

In another year, operating experience should be avail- 
able which will permit of a better picture of the trend 
of this very interesting development being given more 
definitely. 

CARRIER CURRENT 

Carrier currents in frequencies from 500 cycles to 
over 50,000 cycles are being used for the operation of 
supervisory and telemetering systems; some of these are 
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used in combination with automatic stations, and some 
are used for the operation of power apparatus in remote 
stations. Several papers have been presented before the 
Institute on this subject and the discussion of these 
papers gives the trend of thought. A great amount of 
research and development work is being done on this 
subject and future reports will no doubt give more 
comprehensive data concerning it. 


OPERATING EXPERIENCE 


Operating experience, particularly that with auto- 
matic stations, has formed the subject of several papers 
presented before the Institute. The art would advance 
very much more rapidly and more surely should more 
operating engineers take it upon themselves to 
present to the membership, through papers read at 
Regional Meetings, their individual experiences with 
automatic stations. The manufacturers and designers 
recognize that each power system has its individual 
characteristics. These require the fitting of automatic 
stations, individually to each power system. Not- 
withstanding this, all systems have a certain sim- 
larity. They also have certain operating require- 
. ments. The art is handicapped because the designers 
do not obtain freely from the operators information 
regarding the system requirements and performance 
under given conditions. However a number of the 
operating engineers have contributed richly toward the 
development of the art by telling of their experiences. 
It is believed that a broadening of this idea will domuch 
to stabilize the industry. 


MAINTENANCE AND INSPECTION 


Maintenance and inspection of automatic stations 
are prime requisites for their successful operation. 
To obtain a maximum benefit from these stations it is 
necessary that they be given adequate, systematic, and 
intelligent inspection. The word "intelligent" really 
covers the field, for, in a broad sense, it includes the 
words “adequate” and "systematic." 

Much of the development work carried on by the man- 
ufacturers has been done with the idea of reducing the 
necessity for maintenance and inspection to a minimum. 
The devices and schemes of operation which have been 
produced from this development render the automatic 
station a unit in any system, which not only contributes 
to the economic operation of that system, but which also 
does much to promote continuity of the service supplied 
by that system. 

Practical analysis verifies the statement that 
“Nothing is perfect." Any commercial device is a 
compromise between perfection and cost. The quality 
of service to be expected is thus necessarily a measure 
` of the maintenance required to effect those things by 
which a device, or an equipment as a whole, falls short 
of perfection. If the outage of a unit is not a serious 
matter, time may be allowed for clearing a failure in the 
switching sequence. This would normally render the 
unit inoperative under certain conditions; hence 
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there might be a tendency to neglect the matter of 
routine inspection or maintenance. | 

In protective devices, however, the failure which 
might result in costly damage as well as extended outage 
is a far more serious matter. For this reason, the 
automate station is safeguarded by protective devices 
not ordinarily found in attended stations. In pro- 
tecting against equipment failure, one protective 
device is often reenforced by another, so that only by 
simultaneous failure of separate and independent 
protective devices can serious damage be done to the 
equipment. "These protective devices are the product 
of many years of research, development, and experience. 
It is necessary, however, that they be used intelligently. 
If it is to be expected that they will render the service 
for whieh they were intended they must be suitably 
adjusted and adequately maintained. 

The importance of continuity of service renders the 
proper functioning of switching sequence of equal 
importance with that of protective equipment. A 
knowledge of the proper functioning of each device and 
its relation to other devices is the first qualification for 
one responsible for the inspection or maintenance of an 
automatic station. Such an individual need not be a 
technically trained man; in fact, he often is not. He 
should, however, have a thorough grasp of the funda- 
mentals, and be experienced not only in the operation 
of the equipment itself, but in the relation of the station 
to the rest of the system. The latter is especially 
essential if he is to be able to analyze properly the 
limitations of the equipment and make adjustments 
accordingly. 

With each equipment the manufacturers usually 
supply instruction books and diagrams giving a com- 
prehensive analysis of the scheme of operation, as well 
as detailed information of each device. If he is to 
give the station the best attention an inspector, or 
maintainer, should be thoroughly familiar with the 
contents of the instruction book and wiring diagram. 

Sometimes the maintainer overdoes his job in such 
matters as cleaning and filing of contacts. Relays are 
usually under covers. Inspection of the parts is facili- 
tated by the use of glass, making the removal of the 
covers necessary only at infrequent intervals. The 
removal of oxide from contacts is accomplished by the 
use of crocus cloth, or cleaning with carbon tetrachloride. 
Contacts in the power circuits and the heavier duty 
control circuits, when properly adjusted, will require 
little or no dressing of the contacts. They should be 
kept clean and bright. Filing is usually not required, 
as the contacts wear naturally to better surfaces than 
may be effected by filing. Unless carefully done, 
filing tends to make matters worse, and even shortens 
the life of the contact. 

Judicious lubrication of moving parts, cleanliness, 
and the keeping of wiring connections and interlock 
adjustments tight are the principal factors having to do 
with the proper maintenance and inspection. 


Dec. 1928 


The frequency of inspection of any particular station 
is best determined by those in responsible charge of the 
systems. The experience of others in the operation of 
similar equipment in like service may be used as a guide, 
but seldom serves as a standard to be followed, since 
operating conditions are never identical. A brief ex- 
perience with an inspection schedule will determine 
where it should be modified so as to give best results. 
An inspection report, made in preliminary fashion 
with mineograph copies, might well be used during the 
first few months until a definite plan is decided upon. 
Samples of inspection report forms used by a number of 
operating companies are now available and may be had 
upon request to them. 

A summation of the situation is given by a member of 
the committee who has had a number of years of ex- 
perience in the operation of automatie stations. He 
states that several years of experience with daily in- 
spection, with no definite routine, did not produce 
the required results. Railroad equipment is operated 
on a car or locomotive mileage basis as determined by 
the conditions. It is then taken into the shop, 
thoroughly overhauled and sent out on the road subject 
to a trip of casual inspection somewhere on the road, 
until it has operated a certain mileage. Then it is 
returned again to the shop for general inspection. It is 
logically assumed that after such an inspection, it 
should cover a predetermined number of miles without 
attention. The same assumption can be accepted for 
the inspection of automatic station equipment. There 
should be a periodic thorough inspection; weekly, on 
some parts of the equipment and monthly, semi- 
annually, of annually, on other parts. Rotating equip- 
ment may have to be cleaned at intervals of two or 
three days,—or even longer,--depending upon the 
number of hours run and conditions of ventilation of 
the station. The station may have to be visited daily 
for other reasons than inspection of apparatus where 
no supervisory equipment is used. With supervisory 
control, no other attention should be needed than 
cleaning and periodical inspection. 


STANDARDS 


A final report on Standards for Automatic Station 
No. 26 was presented to the Standards Committee 
at its January 20, 1928 meeting. Following a letter 
ballot, this report was submitted by the Standards 
. Committee to the Board of Directors with the recom- 
mendation that it be approved as an A. I. E. E. Stand- 
ard. The Board of Directors approved the Standards 
for Automatic Stations, April 6, 1928. 

The Committee on Automatic Stations intends to 
present revisions of these standards to the Standards 
Committee from time to time as the NECEESILY for them 
may arise. 


FUNCTIONAL NUMBERS 


Functional numbers have been used for automatic 
station devices and functions for about 15 years. A 
gradual standardization has resulted. The latest 
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list is given in the Standards for Automatic Stations 
recently adopted by the Board of Directors. 

The functional numbers initially followed the se- 
quence of operation of the devices. Later, as automatic 
stations developed, this sequential numbering could not 
be followed. It resulted in an arbitrary numbering 
system which has become generally known in the art. 

The present numbering system uses a base of not 
more than two digits. The numbers from 1 to 99 
inclusive cover the entire range of basic functions. 
Numbers in the 100, 200 and other series are used for 
designating these functions when used with feeders, 
supervisory systems and the like. The system of 
numbering the functions, however, still remains arbitrary. 

It has been thought that a system of numbering more 
logical and less arbitrary might be developed. A 
subcommittee has had this matter under consideration 
since December 1, 1927 and have rendered several 
reports. Progress has been made, but a solution has 
not yet been supplied. It is recommended that 
a subcommittee be appointed to continue the study of 
this important topic during the ensuing term. 


PAPERS 


Papers presented under the auspices of, or in coopera- 
tion with, the Committee on Automatic Stations during 
the current year have been as follows: 


Subject Author Place & Date 


Operation and Performance 
of Mercury Arc Rectifiers. 
Automatic Control of Edison 
SYStOMS udo Xe 


Caesar Antoniono Chicago-Nov. 1927 
O.J. Rotty & 


E. L. Hough New York-Feb. 1928 


Automatic Switching of In- 
coming Lines and Trans- 


A. E. Anderson St. Louis-March 1928 


Mercury Arc Rectifier Sub- 
Ed G. E. Wood 


stations.. New Haven-May 1928 


UNFINISHED BUSINESS 


Topics which have been under consideration by the 
committee, and concerning which no report has been 
rendered, are as follows: (1) Ventilation; (2) fire 
protection; (3) economical construction; (4) unusual 
operating conditions; (5) load dispatching; and (6) wire 
designations. 

In addition to these items of unfinished pines 
there are other items upon which reports have been 
rendered but which do not fully close the subject. 
These are as follows: 

(1) Papers, (2) standards, (8) research, (4) operat- 
ing reports, (5) remote metering, (6) supervisory 
control; (7) progress in the art, (8) inspection, (9) 
functional numbers, and (10) bibliography. 

It is recommended that these subjects be given con- 
sideration by the succeeding committee. 


BIBLIOGRAPHY 


Many requests have been received from time to 
time for a bibliography on automatic station literature. 
Such a bibliography has been prepared and forms an 
appendix to this report in its complete form. 
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Formula for Minimum Horizontal Spacing 
of Transmission Line Conductors as Affected by Danger of 


Contact in the Span 
BY PERCY H. THOMAS: 


Fellow, A. I. E. E. 


HE present contribution is for the purpose of 
deriving a logical formula to be used as a guide in 
the determination of the minimum safe horizontal 

spacing of transmission line conductors, and is offered 
for discussion. By minimum safe horizontal spacing 
is meant the least spacing that will insure safety against 
short circuits between conductors due to their swinging 
together out in the span, under the influence of wind or 
ice, and has no relation to the separation of conductors 
transversely at the towers, as required for securing the 
necessary clearance to the tower structure. The latter 
separation is usually controlling, but a number of cases 
occur where the getting together in the span requires a 
wider spacing, such, for example, as long spans or two 
circuit horizontal arrangements of conductors. 


THEORETICAL ANALYSIS 


A study of these questions shows many erratic factors 
bearing on the danger of contact in the span between 
cables horizontally spaced, so that apparently experience 
data rather than mathematical calculation must be the 
final dominating consideration. However, these ex- 
perience data are exceedingly scanty and difficult to 
interpret, so that a theoretical analysis is likely to be of 
real value. 


STEADY UNIFORM STATE 


Considering a transverse wind, uniform in direction 
and steady in strength, we have a very simple case, for 
all the cables will be deflected in the same direction and 
by the same amounts, and will maintain exactly the 
same horizontal separation regardless of the direction 
and strength of the wind, even if the wind be straight 
up. And if the wind blows at an angle with the di- 
rection of the line, the same condition exists. Thisisa 
very important conclusion. 

An examination of the relations involved shows that 
with a strong cross-wind blowing, the dropping of 
the ice on one cable leaving another cable in the same 
span coated would not have much effect on the relative 
side-swing of the two conductors in the case of alumi- 
num cable, steel reinforced, since the weight drops 
with the ice removed more or less in the same propor- 
tion as the wind surface is reduced. A special study 
should be made in each case for copper cable, where 
the balance is not so close. This action_of steady 

1l. Consulting Engineer, New York. 


Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25,1928. Complete copies upon request. 


state side-swing giving unequal displacements from ice 
unbalance is governed by entirely different conditions 
from the general case, and is not hereinafter considered. 


NON-UNIFORM WIND CONDITION 


When the wind is irregular in time or direction, or 
uneven at different points, there will be more or less 
tendency for the cable to depart from the true catenary 
curve and the possibility of contact occurs. Obviously, 
it is the transverse horizontal components of the de- 
flection that tend to cause contact, not the vertical. 
With a strong wind blowing across the line, say 60 mi. an 
hour, air moves at a velocity of 88 ft. per sec., so that a 
time of perhaps 2/10 sec. elapses between the time when 
the air impulse acts on one cable. When it reaches 
the next cable in the same horizontal plane, and there 
is no time for actual motion of one cable ahead of 
the other cable, due to the same high velocity wind 
impulse. Furthermore, it is exceedingly unlikely 
that with a high velocity transverse wind, there can 
be any great change of velocity or direction of the 
air in traversing the short distance between adjacent 
cables. In fact, the direction of the air must, in general, 
be substantially parallel to the ground, as there is no 
place for air to go elsewhere. This means that all 
cables in the first approximation are subject to substan- 
tially the same transverse air impulses at any one in- 
stant of time. This is the reason, no doubt, that 
trouble with wires getting together in the span is so 
rare. Where the surface of the ground is curved, or 
local obstructions exist close to the line, of course ed- 
dies will be produced. This is a vitally important case 
and will be considered later. 


The most important active factor in preventing 
contact in the span with transverse winds is the re- 
straining force of the tension in the cable, which 
tends to prevent deformations of the catenary by the 
wind. In long-span construction, this tension is of 
very material amount and has a remarkable restraining 
effect. To deflect a vertically-hanging wire, carrying a 
5000-Ib. weight one degree from the vertical will require 
a horizontal force of 85 lb. applied at the weight. A 
wind producing a pressure of 8 lb. per ft. must blow 
against 10.6 sq. ft. of area to produce such a force. 
Deflection of a cable from the catenary shape, however, 
will require much more force than the hanging weight, 
since both ends of the cable are fixed and it is already a 
convex eurve. "Therefore, in accordance with the law 
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of increase of tension in a catenary with decrease of 
sag, (which approaches the action of a toggle joint), 


the straightening out of other parts of the catenary 


cable, which must accompany bulges in the curve at 
any point, develops very high counter tension. A 
careful consideration of this matter will show that a 
catenary under wind pressure and with small sag and 
high tension is a very stable curve against deflection in 
the plane of the curve. 

Furthermore, the swinging of cables will be largely 
"dead beat" on the wind (at least with transverse 
winds), and will have no material pendulum or oscillatory 
movement. It will be remembered that as a theoretic 
conclusion, pendulum action can occur only as the 
energy stored in momentum carries the moving body 
beyond a point of equilibrium against an elastic con- 
trolling force, thus paving the way for a return swing 
caused by the controlling force. The velocity of move- 
ment of the conductor in an actual span is relatively 
small, so that the kinetic energy stored in the moving 
cable cannot be sufficient to move it against gravity 
more than a few inches, and no oscillatory movement of 
a few inches could be of serious importance in a trans- 
mission line. A velocity of one foot per sec. will cause 
a rise against gravity of only 0.02 ft. A velocity of 
8 ft. per sec. would be required for the kinetic energy 
to be sufficient to raise the cable one foot against 
gravity. Thus it seems that due to wind across the 
line, there is little chance of conductors getting together 
horizontally. 

Considering these principles in numerical relations, 
it may be assumed as an approximation that the danger 
of the deformation of the catenary and contact between 
cables is inversely proportional to the cable tension, 
other things being equal. It may be assumed also that 
it is directly proportional to the span, for obviously any 
given proportional deformation will give an actual 
displacement in feet proportional to the length of the 
span. Further, the displacing force will be proportional 
to the diameter of the cable representing the exposed 
surface. 

The tension in any span taken as due to wind and 
weight will be proportional to the resultant of the wind 
and weights, w, acting on the cable times the square of 
the span divided by the sag closely but not exactly. 

The danger of contact would then be proportional so 
far as the above factors are concerned to 


Sag . Diam. l Diam. 
——— —— = Sag in per cent. ——— —— 


Span . w . Span? w 


and might be written for preliminary purposes as 


. . Diam. . 
horizontal spacing = C . Sag in per cent where 
C is a constant. 

The effect of cable weight is to give greater tension 
and hence is favorable; but already its effect is included 
in the formula. The effect of diameter would seem to 
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be relatively unimportant because both the force 
restraining (tension) and the force causing deformation 
(wind puffs) are affected more or less alike by diameter. 
This mathematical expression will be further con- 
sidered below. 

Longitudinal wind will cause a deformation of the 
catenary in a vertical plane but so long as it is a hori- 
zontal wind, it will not tend to cause contact. 

The vertical component of any wind, whether trans- 
verse or longitudinal, tends to support the weight of the 
cable and thus reduce the tension which, in turn, tends 
to render contact in the span more likely and this is 
probably the principal cause of such trouble. If the 
uplift is sufficient to take all the weight off the wire, 
there is tension due only to transverse components of 
the wind. Under such conditions, minor forces will be 
largely free to move the conductor about in an acci- 
dental manner, rendering contact much more likely. 
For example, a gusty longitudinal wind blowing under a 
line up a concave, rising hillside, would be very favor- 
able for trouble, for the wind would have an upward 
component which would take off the weight and tension 
on the wires and the irregular transverse components 
would be free to bring them together. 

A 6.5-Ib. per sq. ft. upward wind component will 
take all the weight off a No. 4 copper cable and a 15-lb. 
wind all the weight off a No. 0000 copper cable. 

For all aluminum cable, the respective corresponding 
pressures are 2-lb. wind and 6.2-lb. wind, and for 
aluminum cable steel reinforced 2.8-lb. and 6.4-lb. 
A 2-lb. wind on cylindrical surfaces corresponds to a 
velocity of 27 mi. per hour actual, and 6-lb. to about 
60 mi. 

Causes of steady upward components of wind would 
be configuration of the ground, or natural and artificial 
obstructions, such as trees, buildings, sign boards, gullies, 
etc. In any particular case, from an examination of 
the ground, a sufficiently correct inference as to the 
directions of air currents can no doubt usually be made. 

The breaking off of ice, heavy wind in an adjacent 
span, or other causes, may produce a pulling of a certain 
short length of cable from one span into the next, but 
this will effect danger of contact in the span only in- 
directly, and whatever conditions might be set up to 
render the line safe in general against transverse wind 
conditions in the span would probably protect also 
against the effect of pulling from one span to another. 

Similarly, transverse conductor swinging may be 
carried from one span to the next, but such swinging is 
likely to be largely in synchronism for all conductors, 
unless in cases of very irregular ground configuration. 

Apparently relatively short spans and very low string- 
ing tension in the conductor tend to increase danger of 
contact, especially since it is highly probable that 
irregular wind and ground conditions do not exist over 
the whole length of any very long spans. This seems 
to be confirmed by reports of the behavior of extra long 
spans. 
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WIND PUFFS AND EDDIES 


No definite measure of wind irregularities seems 
feasible. We know that air in wind motion will act 
like water at the bottom of the sea, for air is substan- 
tially incompressible for variations of atmospheric 
pressure. Where a current meets an obstruction, it 


will be deflected to the side, or upward, with an in-. 


creased pressure, but without increase of velocity. 
If a current, however, is directed into a funnel shaped 
cavity or recess, there may be a somewhat increased 
velocity. Air seems to be subject to cyclonic effects 
more than water, but they do not seem to be especially 
destructive to transmission lines. Presumably, the 
danger from these puffs and eddies is measurable by 
the factors already discussed above. 

The only way to take account of expected irregular 
variations in wind action in the proposed formula is 
to make a purely arbitrary alteration in the factor 
C for any unusual conditions. 

The only clear danger of contact in the span arises 
when, through deflection by obstacles or a hollow for- 
mation of the surface of the ground, there 1s an upward 
turn of the wind, tending to raise the wire and thus give 
it slack within the span for accidental deflections. 

Such obstacles and hollow surfaces must lie in the 
direction of the line, so that aconsiderablelength of span 
may be affected. 

A typical example has been reported in a case where a 
transmission line paralleled the edge of a wood for a 
certain distance just outside. At this portion, the con- 
ductors were blown together in the span a number of 
times, presumably with the wind toward the wood. 
The obvious explanation would be the turning up of the 
wind strata blowing along the ground when they reached 
the wood, thus tending to raise the conductors, allow- 
ing them to get together through the slack with no 
strong transverse pull to keep them all to one side. 

The conclusion would seem to follow that each line 
when installed should be gone over for the purpose of 
locating wind obstructions or hollow shaped earth 
formation, and special precautions taken to prevent 
contact of wires wherever such need appeared. It 
would be uneconomical to increase the width of struc- 
tures over a whole line to meet a few determinable 
danger spots. 

Since the same spacing must ordinarily be used 
throughout the line, the constant C should be deter- 
mined by comparison with experience and should 
presumably be taken as applicable to the mormal 
tangent level span under Class A loading conditions 
(or any other conditions that might be agreed upon) 
and it must contain a sufficient factor of safety or margin 
to cover extra long spans and other variations. The 
apparent added risk from extra long spans is balanced 
partly by the much smaller chance of excessive air puffs 
and eddies on the large scale of the long span. 

In choosing an actual formula, certain other con- 
siderations may be taken into account. 
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The jumping distance of the voltage, of course, is a 
factor to be taken directly. 

The effect of the length of the insulator string appears 
to play little part in any of the above analysis and a 
long string would not seem to render contact more 
likely than a short string. Apparently, antics in the 
middle of the span would not be greatly affected by the 
length of the insulator string. Nevertheless with our 
present imperfect knowledge of this subject, we would 
not be warranted in ignoring the length of insulator 
string. As an empirical formula it may reasonably be 
assumed that the horizontal spacing should include a 
part equal to the side deflection of the insulator string 
to the 30-deg. position. The normal spacing is certainly 
not likely to be reduced more than this due to the string. 
For pin type insulators this part becomes zero. 


The above formula may then be set up as follows: 
Horizontal spacing = C . Sag in per cent. 


Diameter cable 


Class A loading + D + 1$. Length of insulator string 


Where C = A constant chosen arbitrarily for each line 
to take account of the sort of metal of 
conductors, wind conditions, character 
of terrain, etc. 

D = Jumping distance of line-voltage—one foot 
for each 110 kv. 

Sag in per cent is expressed without decimals; that 
is, 2 per cent is written “2.” 

If C is taken as 4 for copper cable and 3.5 for 
A. C. S. R. and their sags in the normal span respec- 
tively as 3.75 per cent and 3.25 per cent, the spacings 
for No. 0000 cable would be as follows: 

For 44 kv. Pin Type Insulators 


No. 0000 Cu. No. 0000 A. C. S. R. 
0.5275 x 3.75 0564 x 3.25 
0998 + 0.4, d — 04704 + 0.4 

= 9.0 ft. = 8.8 ft. 
For 66-kv. suspension 
insulators 
ditto + 0.614 x 2.25 = 10.3, ditto + 0.6 + 14 x 2.25 
= 10.1 
For 110-kv. 
ditto + 10+ 15 x 4 = 11.6, ditto + 1.0 + 14 x4 
= 114 
For 132-kv. 
ditto + 1.2 + 14 x 5 = 12.3, ditto + 1.2 + 15 X 5 
= 12.1 
For 220-kv. 
ditto + 2.0 + 14 x 8.0 = 14.6, ditto + 0.2 + 14 x8 


= 144 
The above formula is the mathematical equivalent of 
the following: 
In comparing two spans, the horizontal spacing, other 
conditions than those specified being equal,— 
Should be twice as great in the first span when both 
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have the same length, but the conductor in the first has 
one-half the tension of that in the second: 

Should be twice as great in the first span when the 
first is twice as long and both have the same tension: 

Should be the same in both when the first is twice as 
long and the second has half the tension: 

Should be twice as great in the first when the diameter 
of the cable is twice as great,—the sag, span length and 
loading per foot being the same in both: 

Should be twice as great in the first when the loading 
is half,——the span length, the sag and the diameter 
being the same. 

In the formula tension and span length are the critical 
factors, one being as important as the other. The dis- 
advantage of a long span can be made up by a higher 
tension and vice versa. 

As instances of actual lines where an actual compari- 
son can be made with this formula may be mentioned: 
(1) The Davis Bridge line of the New England Power 
Company with a two-circuit line of 12-ft. horizontal 
spacing on 110-kv. for No. 0000 copper wire; (2) a 
somewhat similar line of the Appalachian Power Com- 
pany with 10-ft. spacing for 88 kv. for No. 0 copper 
conductor. 

In conclusion, it may be said that as a result of the 
various considerations already discussed and of an 
examination of the proposed formula: 

1. The safety against contact in the span depends 
apparently more upon tension in the cable and con- 
figuration of the ground than anything else. 

2. The most dangerous conditions are probably those 
in which the general wind velocity is not too high,—this 
signifying low conductor tension, and is more or less 
parallel to the line, so that neither cable is blown far to 
either side,—and in which there is an obstacle causing 
a local upward turn in the wind. The conditions will be 
worse in short spans and with small cables and largesags. 

3. The cable conditions on side hills deserve much 
more consideration than they usually get. 

4. The advantage of copper over A. C. S. R. or 
A. C. S. R. over copper, (if either can be established), 
should be taken into account in the arbitrary constant, 
C, as should also any variations of the terrain making 
the general conditions of any one line better or worse 
than norma! 

Letters and extracts describing a few very interesting 
and pertinent cases of actual trouble and seeming 
definitely to support the conclusions are given in the 
complete paper. 


The official dedication of the new half-million-dollar 
Engineering Building of Princeton University took 
place on November 15 in the presence of over 200 
scientists and engineers from all parts of the country. 
Addresses were made by John Grier Hibben, president 
of the University, Arthur M. Greene, dean of the Engi- 
neering School and Dexter S. Kimball, of Cornell 
University. 
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HYDRO-ELECTRIC POWER COMMIS- 
SION OF ONTARIO 220-KV. 
CONSTRUCTION 


The following description of the high-tension con- 
struction of the Hydro-Electric Power Commission of 
Ontario in connection with the power from the Gatineau 
River is furnished by courtesy of Mr. Arthur H. Hull 
of the Commission. 

On October 1st, 1928, the Hydro-Electric Power 
Commission of Ontario took delivery of the first block of 
power from the Gatineau Power Company. The 
initial amount of power is 80,000 hp. This will be 
increased yearly until, in 1931, approximately 260,000 hp. 
will be taken. 

The first construction by the Commission comprises 
a single-circuit 220-kv. 25-cycle transmission line on 
steel towers approximately 200 mil. long, from the 
Ottawa Rver near Fitzroy Harbor in Ontario to Leaside 
adjoining Toronto, and a 90,000-kv-a. transformer 
station at Leaside. Atthe Ottawa River, the line joins 
a similar line constructed by the Gatineau Power Co. 
in Quebec, extending about 30 mil. to its Paugan 
development on the Gatineau River. 

The transformer station at Leaside contains two 
banks of three-winding, single-phase transformers, each 
transformer being rated at 15,000 kv-a. on every 
winding. "Transformation is from 220 kv. to 110 kv. 
and 13.2 kv. The high- and middle-voltage windings 
of the bank are star-connected while the low-voltage 
winding is delta-connected. The neutral of the 220- 
kv. star is solidly grounded. Under-load tap changers 
are provided on the 110-kv. windings to provide a 
change in voltage of 71% per cent plus and minus. The 
transformers are of the outdoor water-cooled type and 
are provided with expansion tanks. Provision is made 
for adding two additional banks of transformers, for a 
second 220-kv. transmission circuit, and for the neces- 
sary synchronous condensers. 

The transmission line conductors are 795,000-cir. 
mil aluminum cable with 30 per cent steel core horizon- 
tally spaced 25 ft. apart and two suspension equipped 
overhead static cables are installed the entire length of 
the line. Near the Leaside Station, two additional 
overhead static cables were provided and the insulator 
strings reduced from the standard of 18 units to 14 
units over this portion. Provision is made for guard 
rings, these, however, have not yet been installed. A 
protecting piece of cable is installed at the clamps and 
vertically above the cable. 'The ends of this piece of 
cable are secured to the main cable about three feet 
from the main clamp. This second clamping may 
modify the effect of vibration, if it should develop, in 
each span. Dead end construction has been reduced 
to a minimum in this construction. Excepting the 
terminals and provision for subsequent interswitching, 
if that is found advisable, there are only eight dead ends 
in two hundred miles. Most of these are involved in 
railway crossings. 
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Attractive Winter Convention Program 


Live Engineering Activities Covered in Nine Technical Sessions—Other Notable 
Features are Planned 


The Winter Convention to be held January 28-February 1 in 
New York promises to offer one of the most interesting programs 
ever presented at a meeting of the Institute. A notable selection 
of technical papers, a lecture, inspection trips, medal presenta- 
tions, a smoker, a dinner-dance and special ladies’ entertainment 
are included in the events scheduled. A summarized program 
is given below and additional details are presented in following 
paragraphs: 


PROGRAM OF WINTER CONVENTION 
MONDAY, JANUARY 28 


Morninc: Registration and Committee Meetings 
2:00 p. m. Session on Dielectrics and Eleetrophysies 
8:15 p. m. Lecture 

TUESDAY, JANUARY 29 

10:00 a.m. Session on Cables 
2:00 p. m. Session on Transmission and Lightning 
8:00 p. m. Smoker and Entertainment 

WEDNESDAY, JANUARY 30 

10:00 a. m. Session on Protective Devices 
2:00 p. m. Inspection Trips 
8:30 p. m. Medal Presentations 

THURSDAY, JANUARY 31 

10:00 a.m. Two Parallel Sessions 

(a) Communication 
(b) Induction Motors 
2:00 p. m. Session on Electrical Machinery 
7:00 p.m. Dinner-Dance 
Fripay, FEBRUARY 1 
10:00 a.m. Session on Electrical Measurement of Non-Elec- 
trieal Quantities 
2:00 p. m. Session on Instruments and Measurements 


Inspection Trips 


A large number of very interesting trips are being arranged. 
Wednesday afternoon, January 30, has been set aside for trips 
though several of the trips may be made on any day of the 
convention. Tickets must be secured in advance for all trips. 
This requirement has been made necessary by the increasingly 
large number of those who make trips at the Winter Conventions. 
Further information on the places to be visited and the manner of 
registering will be published in later announcements. 


Lecture 


A prominent speaker will deliver a lecture on the evening of 
Monday, January 28, on a subject to be announced later. 


Medal Presentation 


Two medals for achievements in electrical engineering will be 
presented on Wednesday evening, January 30. These are the 
Edison Medal and the Lamme Medal. 


Entertainment 


The lighter side of the convention program will include a 
smoker on the evening of January 29, a dinner-dance on January 
31 and additional entertainment for the ladies. 

The smoker will be held this year in the Engineering Societies 
Building. The ample and comfortable seating facilities of the 
Auditorium will be used for the presentation of the entertainment 


features after which a buffet supper will be served on an adjacent 
floor. It is very desirable that those who plan to attend the 
Smoker register and obtain tickets in advance so that satis- 
factory arrangements can be made for the supper. 

The annual Dinner-Dance will be held as in the past at the 
Hotel Astor. This popular event needs no introduction to 
Institute members and it is necessary only to say that the com- 
mittee in charge promises that it will be as enjoyable as the for- 
mer dinner-dances. 

A special program of entertainment for the lady guests is 
being planned. A committee is working on plans for teas, 
trips, ete., which will allow the ladies to become acquainted and 
provide for their pleasure during the convention. 


Reduced Railroad Rates 


Reduced rates for railroad transportation will be available 
under the certificate plan to members and guests who attend 
the Convention. 


Committees 


The general 1929 Winter Convention Committee is as follows: 
H. A. Kidder, Chairman; J. B. Bassett, H. P. Charlesworth, 
W. S. Gorsuch, G. L. Knight, E. B. Meyer, H. S. Sheppard, 
C. E. Stephens and R. H. Tapseott. The ehairmen of the sub- 
committees are: Entertainment, J. B. Bassett; Dinner-Dance, 
C. R. Jones; Inspection Trips, F. Zogbaum, and Smoker, J. F. 
Fairman. 

Technical Sessions 


The technical papers have been selected from a great number of 
available contributions. They deal with some very live topics 
under the general headings shown below. It should be noted 
that the titles of papers listed include only those papers which 
had been accepted when this JouRNAL went to press (November - 
20). Other papers are being considered and those acccepted 
will be listed in later announcements. 


SESSION ON DIELECTRICS AND ELECTROPHYSICS 
January 28 
This session will contain probably five papers dealing with 
dielectric absorption, power factor and dielectric constant of 
viscous dielectrics, breakdown of air gaps at high voltages, 
corona ellipses, and flux linkages. The accepted papers to date 
are as follows: 

Anomalous Conduction as a Cause of Dielectric Absorption, 
J. B. Whitehead and R. H. Marvin, Johns Hopkins 
University 

Fluz Linkages and Electromagnetic Induction, L. V. Bewley, 
General Electric Co. 

Corona Ellipses, V. Karapetoff, Cornell University 

Power Factor and Permittibility in Viscous Liquid Dielectrics, 
D. W. Kitchin, Simplex Wire & Cable Co. 


SESSION ON CABLES 
January 29 
Five papers are contemplated for this session. These are on 
the subjects of high-voltage cable development and research, 
ionization studies in paper-insulated cables, and elimination of 
losses and sheath voltages in single-conductor cables. The 
accepted papers are as follows: 


High-Tension Underground Cable Research and Development, 
G. B. Shanklin and G. M. McKay, General Electric Co. 
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Some Problems in High-Voltage Cable Development, E. W. Davis 
and W. N. Eddy, Simplex Wire and Cable Co. 

Ionization Studies in Paper-Insulated Cables—II, C. L. Dawes, 
H. H. Reichard and P. H. Humphries, Harvard Engineering 
School 

Bonding of Single-Conductor Underground Cables for Elimination 
of Sheath Losses and Reduction of Sheath Voltage, Herman 
Halperin and K. W. Miller, Commonwealth Edison Co. 

Losses in Armored Single-Conductor Lead-Covered Cable, O. R. 
Schurig, H. P. Kuehni and F. H. Buller, General Electric Co. 


SESSION ON TRANSMISSION AND LIGHTNING 
January 29 
Lightning researches in the field and in the laboratory, and 
the theory of traveling electric waves will be the subjects covered 
in the five papers planned for this session. The accepted papers 
are as follows: 
A Graphical Theory of Traveling Electric Waves between Parallel 
Conductors, V. Karapetoff, Cornell University 
Progress in Lightning Research in the Field and the Laboratory, 
F. W. Peek, Jr., General Electric Co. 
1927 Lightning Experience on 132-Kv. Transmission Lines, 
Philip Sporn, American Gas & Elec. Co. 
Theoretical and Field Investigations of Lightning, C. L. Fortescue 
and J. H. Cox, Westinghouse Electric & Mfg. Co. 
Protection of Transmission Lines from Interruption by Lightning, 
by 1927-28 Subcommittee of Power Transmission & Distri- 
bution Committee 


SESSION ON PROTECTIVE DEVICES 
January 30 
An oil-less heavy-duty circuit breaker—its theory, construc- 
tion and test—is the subject of three papers planned for this 
session, and the fourth paper will be on automatically reclosing 
high-speed d-c. breakers. The following papers have been 
already accepted: 

Theory of the Deion Circuit Breaker, Joseph Slepian, Westing- 
house Electrie & Mfg. Co. 

Structural Development of the Deion Circuit Breaker, C. R. 
Dickinson and B. P. Baker, Westinghouse Electric & Mfg. 
Co. 

Field Tests on the Deion Circuit Breaker, B. G. Jamieson, Com- 
monwealth Edison Co. 

Automatic Reclosing High-Speed Circuit Breaker Feeder Equip- 
ment for D-C. Railway Service, A. E. Anderson, General 
Electric Co. 

SESSION ON COMMUNICATION 
January 31 
Applications of radio in aviation, influence of moisture and 
impurities in textile insulations, application of purified textile 
insulation to central-office wiring, and vector representation of 
wave filters are the subjects contemplated for this session. The 
following papers are now accepted: 

Influence of Moisture and Electrolytes upon Textiles as Insulators, 
R. R. Wilhams and E. J. Murphy, Bell Telephone 
Laboratories 

Purified Textile Insulation for Telephone Central-Office Wiring, 
H. H. Glenn and E. B. Wood, Bell Telephone Laboratories 

Vector Representation of Wave Filters, R. F. Mallina and O. 
Knacknuss, Victor Talking Machine Co. 


SESSION ON [NDuUcTION MOTORS 
January 31 
The capacitor motor, low-starting-current induction motors, 

and calculation of no-load core losses are the subjects of the 
five papers planned for this session. The following have been 
accepted: 
The Condenser Motor, B. F. Bailey, University of Michigan 
The Fundamental Theory of the Capacitor Motor, H. C. Specht, 

Westinghouse Electric & Mfg. Co. 
The Revolving-Field Theory of the Capacitor Motor, W. J. Morrill, 

General Electric Co. 
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Line-Start Induction Motors, C. J. Koch, General Electric Co. 
Calculating No-Load Core Losses in Induction Motors, Thomas 
Spooner, Westinghouse Electric & Mfg. Co. 


SESSION ON ELECTRICAL MACHINERY 
January 31 
Five papers are planned for this session dealing with insulation 
tests on electrical machinery before and after placing in service, 
influence of temperature on commutators, transient conditions 
in electrical machines and transformers, and the two-reaction 
theory of synchronous machines. The accepted papers are 
the following: 
Insulation Tests of Electrical Machinery Before and After Being 
Placed in Service, C. M. Gilt, Brooklyn Edison Company and 
B. L. Barns, Canadian General Electric Company 
Influence of Temperature on Large Commuator Operation, F. T. 
Hague and G. W. Penney, Westinghouse Electric & Manu- 
facturing Company 
Effect of Transient Voltages on Power-Transformer Design, 
K. K. Palueff, General Electric Company 
Transient Analysis of A-C. Machines, Yu H. Ku, Massachusetts 
Institute of Technology 
Two-Reaction Theory of Synchronous Machines—Part I, R. H. 
Park, General Electric Company 


SESSION ON ELEcTRICAL MEASUREMENT OF NON-ELECTRICAL 
QUANTITIES 


February 1 
Magnetic analysis of materials, measurement of fluid flow, 

use of the oscillograph in measuring non-electrical quantities, 

study of noises in electrical apparatus, and application of 

electricity to navigation are the subjects proposed for this 

session. The accepted papers are shown below: 

Magnetic Analysis of Materials, R. L. Sanford, U. S. Bureau of 
Standards _ 

Use of the Oscillograph for Measuring Non-Electrical Quantities, 
D. F. Miner and W. B. Batten, Westinghouse Elec. & Mfg. 
Co. 

Study of Noises in Electrical Apparatus, Thomas Spooner and 
J. P. Foltz, Westinghouse Electric & Mfg. Co. 


SESSION ON INSTRUMENTS AND MEASUREMENTS 
February 1 
Totalizing meters, remote metering, high-accuracy current 
transformers, a 132-kv. shielded potentiometer, and & precision 
regulator for alternating voltage are the subjects proposed for 
this session. The following are the accepted papers: 
Telemetering, C. H. Linder, H. B. Rex and C. E. Stewart, General 
Electric Co. 
Totalizing of Electric System Loads, P. M. Lincoln, Cornell 
University 
A New High-Accuracy Current Transformer, M. S. Wilson, 
General Electric Co. 
132-Kv. Shielded Potentiometer for Determining the Accuracy of 
Potential Transformers, C. T. Weller, General Electric Co. 
A Precision Regulator for Alternating Voltage, H. M. Stoller and 
J. R. Power, Bell Telephone Laboratories. 


Future Institute Meetings 


In addition to the Winter Convention, three other Institute 
meetings are scheduled for the first half of the year 1929. These 
are two Regional Meetings and the Summer Convention. 

March 20-22, a three-day Regional Meeting will be held in 
Cineinnati, Ohio, under the auspiees of the Middle Eastern 
Distriet. 

Dallas, Texas, will be the seat of another Regional Meeting 
to be held by the South West Distriet May 7-9. 

The Summer Convention will be held at Swampscott, Mass., 
June 24-28. 

Plans for all of these meetings are going ahead. More com- 
plete information on them will be published at later dates. 
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Methods of Refrigeration to be 
Demonstrated before New York 
Electrical Society 


On the evening of Wednesday, December 12 the New York 
Electrical Society will hold a meeting the subject of which will be 
` "Cold at Home." The speaker Stephen Bennis, Power Engineer, 
United Electric Light and Power Company of New York will 
tell how the new gas and electric household refrigerators operate. 
His talk will be accompanied by experiments with super-cold 
by liquid air and speeial working models of the refrigerators 
will be on exhibit. The meeting will be held in the Engineering 
Auditorium, 29 West 39th St., New York City, on Wednesday 
evening, December 12, at 8:15 p. m. All those interested in 
refrigeration are cordially invited to be present as guests of the 
Society. 
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A. I. E. E. STANDARDS 


NEW STANDARDS AVAILABLE 
One new A. I. E. E. Standard, one revised Standard and 
six Specifications have just become available. 

The new Standards, l7gl, ‘‘Standards for Letter Symbols 
for Electrical Quantities," was developed by a subcommittee of 
the Sectional Committee on Scientific and Engineering Symbols 
and Abbreviations working under the procedure of the American 
Standards Association. 

The remainder of the new group all deal with the wire and 
cable field. The first is a revision of No. 30, “Standards for 
Wires and Cables." The new edition contains the revised defi- 
nitions as developed by the Institute, and which will shortly 
be presented for approval as American Standard. The remain- 
ing six are Specifications and are published in three pamphlets. 
The first group, Nos. 60 and 61, are ‘‘Specifications for Tinned 
Soft or Annealed Copper Wire" and ‘Specifications for Soft or 
Annealed Copper Wire." The second pamphlet, No. 63, 
contains ‘Specifications for 30 per Cent Rubber Insulation 
for Wire and Cable for General Purposes." The third pam- 
phlet covers Nos. 69, 70 and 71, ‘‘Specifications for Cotton 
covered Round Copper Magnet Wire," ‘Specifications for 
Silk Covered Round Copper Magnet Wire” and ‘Specifications 
for Enameled Kound Copper Magnet Wire." All this group 
of Specifications has been developed by the Sectional Committee 
on Insulated Wires and Cables under the sponsorship of the 
Institute and nine other bodies. The material contained in the 
Specification pamphlets is of a radically different nature from 
that heretofore covered by A. I. E. E. Standards but has been 
published by the Institute in order to make the valuable work 
of the Sectional Committee available to industry at an early 
date. 
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Available Adopted Sections 


A Complete List of the Available A. I. E. E. Standards, 
Showing Date of Latest Edition, Prices, ete., Follows: 


No. 1 (April, 1925) General Principles upon which Tempera- 
ture Limits are Based in the Rating of 
Electrical Machinery. Price 20 cents. 

4 (May, 1928) Standards for the Measurement of Test 
Voltages in Dielectric Tests. Price 30 
cents. . 

5 (July, 1925) Standards for Direct-Current Generators 
and Motors and Direct-Current Com- 
mutator Machines in General. Price 
40 cents. 

7 (Dec., 1927) Standards for Alternators, Synchronous 
Motors and Synchronous Machines in 
General. Price 40 cents. 

*8 (Mar., 1925) Standards for Synchronous Converters. 
Price 40 cents. 
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9 


10 


*1l 


13 


*14 
*15 


*16 


*17f 
17gl 
19 
22 
26 
30 
33 
34 
*36 
*37 
38 
39 


41 
*42 


45 


*46 
*60 


*61 


*63 


*69 
*70 


*71 
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(June, 1927) Standards for Induetion Motors and In- 
duction Machines in General. Price 
40 cents. 

Standards for Direct-Current and Alter- 
nating Current Fractional Horse-Power 


(July, 1925) 


Motors. Price 30 cents. 
(July, 1925) Standards for Railway Motors. Price 
30 cents. 


(Aug., 1925) Standards for Transformers Induction 
Regulators and Reactors. Price 40 
cents. 

(Mar., 1925) Standards for Instrument Transformers. 

Price 30 cents. 

(May, 1928) Standards for Industrial Control Appa- 
ratus. Price 40 cents. 

Standards for Railway Control and Mine 
Locomotive Control Apparatus. Price 
40 cents. 

Standards for Mathematical Symbols. 
Price 30 cents. 

Standards for Letter Symbols for Elec- 
trical Quantities. Price 20 cents. 


(July, 1925) 


(Feb., 1928) 


(Oct., 1928) 


(July, 1925) Standards for Oil Circuit Breakers. 
Price 30 cents. 

(July, 1925) Standards for Disconnecting and Horn 
Gap Switches. Price 30 cents. 

(April, 1928) Standards for Automatic Stations. Price 
30 cents. 

(Oct., 1928) Standards for Wires and Cables. Price 
40 cents. 

(Jan., 1927) Standards for Electrical Measuring In- 
struments. Price 30 cents. 

(June 1922) Standards for Telegraphy and Telephony. 
Priee 30 cents. 

(Feb., 1928) Standards for Storage Batteries. Price 
20 cents. 

(July, 1925) Standards for Illumination. Price 30 
cents. 

(Mar.,1925) Standards for Electric Are Welding 

Apparatus. Price 40cents. 

(Aug., 1926) Standards for Electric Resistance Weld- 

ing Apparatus. Price 30 cents. 


(July, 1925) 
(L'ec., 1923) 


Standard for Insulators. Price 30 cents. 
Standard Symbols for Electrical Equip- 
ment of Buildings. Price 20 cents. 
Recommended Practise for Electrical 
Installations on Shipboard (Marine 
Rules). Price $1.50. 
Standards for Hard Drawn Aluminum 
Conductors. Price 20 cents. 
(Sept., 1928) Specifications for Tinned Soft or An- 
nealed Copper Wire. 
(Sept., 1928) Specifications or Soft or  Anrealed 
Copper Wire. 
(No. 60 and 61 published as one am- 
phlet.) Price 30 cents. 
(Sept., 1928) Specifications for 30 Per Cent Rubber 
Insulation for Wire and Cable for 
General Purposes. Price 30 cents. 


(Sept., 1928) Specifications for Cotton Covered Round 


(June, 1927) 


(May, 1927) 


Copper Magnet Wire. 

(Sept.,1928) Specifieations for Silk Covered Round 
Copper Magnet Wire. 

(Sept., 1928) Specifications for Enameled Round 
Copper Magnet Wire. 

(No. 69, 70 and 71 publishel as one 


pamphlet.) Price 30 cents. 


*Approved by A. E. S. C. as American Standard. 


(50 per cent discount to Institute members from above prices ! 
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Electrical Definitions. The desirability of developing a 
single recognized publication dealing with electrical definitions 
has been evident for many years. This project is now taking 
definite form through the authorization of a Sectional Com- 
mittee under the procedure of the American Standards Asso- 
ciation. The 4. I. E. E. has been designated sole sponsor for the 
project which will have the following scope: ‘‘Definitions of 
technical terms used in electrical engineering, including correla- 
tion of definitions and terms in existing standards." The 
work involved in setting up, what will probably become a dic- 
tionary of electrical terms, is very great and it will be a consider- 
able period after the committee is established before their report 
will be ready for approval as American Standard. 

Mercury Arc Rectifiers. The development of Standards for 
Mercury Are Rectifiers is a project about to get under way. 
The makeup of the Sectional Committee, under the sponsorship 
of the Institute is about finished. As soon as a preliminary 
draft outlining the proposed American Standard is completed 
the first meeting will be called and work of developing standards 
allocated. 


Atlanta Holds Notable Regional Meeting 
MARKED BY EXCELLENT ATTENDANCE, INTERESTING 
TECHNICAL SESSIONS, STUDENTS MEETING, AND 
ENJOYABLE INTERTAINMENT FEATURES 

The first regional meeting of the Southern District of the 
Institute, held at the Biltmore Hotel in Atlanta, October 29-31, 
proved to be a most successful gathering with an attendance of 
about 400 at the technical sessions, and over 600 at a general 
evening meeting. Technical sessions, a student meeting, two 
lectures, inspection trips, and a dinner-dance were well attended 
and enjoyed. 

Coordinated power-system development, power-limit and 
short-circuit tests, power-line carrier communication, high- 
voltage flashovers and electric drive for textile mills, were the 
chief topics covered in the technical sessions. A summarized 
report of the discussion at these sessions is given below. 

A student session was held on the first morning of the meeting, 
a report of this being given in the Student Activities department 
of this issue. ` 

Two most interesting lectures were given. The first of these 
was by J. B. Taylor of the General Electrice Company, who 
spoke on Translations between Sound and Light, illustrating his 
talk with interesting demonstrations. The second lecture, on the 
subject of Science and Research in Telephone Development, was 
given by S. P. Grace of the Bell Telephone Laboratories, Ine. 
He gave with his talk a number of most attractive and unusual 
demonstrations. 

Inspection trips were made to stations of the Georgia Power 
Company, to a telephoto installation of the Southern Bell 
Telephone and Telegraph Company, and to Stone Mountain, 
where a huge Confederate memorial is being carved on the face 
of what is probably the largest piece of granite in the world. 

A dinner-dance was the high spot of the social features which 
was heartily enjoyed. The lady guests at the meeting also 
were entertained with a number of drives, teas, and card parties. 


SUMMARY OF TECHNICAL SESSIONS 


In the following paragraphs is given a summarized report of 
the technical sessions of the meeting. 


Power DEVELOPMENTS SESSION 


The session on Power Developments on Monday afternoon, 
October 29, was presided over by C. O. Bickelhaupt, Vice- 
President, A. I. E. E., in the Southern District. At this session 
the following papers were presented: 

Economies in Central Power Service, by W. S. Lee. 

Southeastern Power and Light Company’s System, by A. T. 
Hutchins. 

In the ensuing discussion W. E. Mitchell emphasized the 
necessity for developing plants for best economic efficiency in 
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distinction to fuel efficiency. In discussing the Hutchins paper, 
W. S. Lee stated that his company decided on the same type of 
plant for the River Bend Station as the Alabama Company 
steam station No. 4, choosing 450-lb. boiler pressure instead of 
1200-lb. because the boiler equipment costs 15 per cent less. 
Although the higher pressure would use 13 per cent less coal, 
the lower pressure is more economical on account of the smaller 
investment charges. The use of higher pressures, he stated, 
seems to offer great promise for the future, but at present they 
are not economical except for continuous non-varying loads. 


CARRIER COMMUNICATION ON PowEn LINES 


Power-line carrier communication and supervisory control 
were discussed at the Tuesday morning session, at which W. S. . 
Rodman presided. The following two papers were first 
presented: 

Carrier Current and Supervisory Control on Alabama Power 
Company's System, by E. W. Robinson and W. I. Woodcock. 

Transmission of High-Frequency Currents for Communication 
over Existing Power Networks, by C. A. Boddie and R. C. 
Curtis. 

In discussing these papers, C. F. Boeck suggested that 
equipment for communication over power lines should give 
reliability even if this requires sacrifice of some simplicity. 
He believed that the best system from the standpoint of re- 
liability and other merits, is the single-frequency, single-side- 
band system. 

L. E. Anderson urged that manufacturers of carrier equip- 
ment cooperate with each other so that one system will not 
render inoperative an adjacent system made by another manu- 
facturer. He stated that on his company’s lines one system is 
sometimes paralyzed by another higher powered system operat- 
ing on lines as far away as 400 miles. 

L. G. Huggins drew attention to a unique method of charging 
storage batteries used at remote points on the Alabama Power 
Company’s system. The batteries are charged by a trickle 
charger having a dry rectifier, the charger being energized by 
alternating current drawn from a secondary winding on the 
drainage coil connected to the overhead ground wire of the 
transmission line. 

R. G. MeCurdy pointed out a number of advantages in em- 
ploying a frequency above 50,000 cycles for power-line com- 
munication. Among the advantages in using higher frequencies 
are that cross talk is reduced, the action of choke coils is better 
and the inductive effect on adjacent telephone lines is diminished 
as these telephone lines operate below 50,000 cycles. 

C. A. Boddie commenting on Mr. Boeck’s discussion, stated 
that simplicity and reliability usually go together. He said 
that he believes the adoption of the single-frequency, single- 
sideband system is a move in the wrong direction, and 
that the two-frequency, double-sideband system is giving very 
good results for both the Alabama Power Company and the 
Pacific Gas & Electric Co. ` 


HiGH-VouTaGce FLASHOVERS 


The last two papers in this session were as follows: 

Impulse Flashover of Insulators, by J. J. Torrok and W. 
Ramberg. 

A Study of High-Voltage Flashovers, by J. T. Lusignan, Jr. 

In a written discussion, A. O. Austin pointed out many 
features in connection with insulator flashover, and stated that 
the first impulse of dissipation of energy is very large and is 
possibly so rapid that it cannot be followed by the cathode-ray 
oscillograph. 

E. H. Rowland claimed that experience has proved that con- 
tinuous rings at top and bottom of an insulator string give the 
best protection and that a flat-strap ring gives better protection 
against steep impulses than a ring of circular or oval cross section. 

In a written discussion, W. A. Kates and E. D. Tanzer said 
that in making flashover tests the amount of energy available 
in the test set should be considered when drawing conclusions 
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on actual line conditions where the amount of energy is very 
large. 

A written discussion by L. E. Reukema gave a physical 
explanation of many of the test results recorded in Dr. 
Lusignan’s paper. 

TEXTILE SESSION 


A session on electric drive in textile mills was held on Wed- 
nesday morning, at which C. A. Collier presided. The following 
papers were presented: 

Variable-Speed Spinning of Cotton Yarns, by E. A. Untersee. 

Motor Drives for Cards and Roving Frames, by H. W. 
Reding. 

Electrification of the Textile Industry in the Southeast, by E. M. 
Clapp and A. G. Stanford. 

H. W. Reding in discussion the first paper presented calcula- 
tions which showed that application of the variable-speed drive 
will pay for itself by means of the increased production, but he 
pointed out that the most important advantages are the im- 
proved quality of yarn produced and the larger amount of yarn 
which can be wound on each bobbin. E. S. Lammers, E. M. 
Clapp, C. A. Collier and E. A. Untersee agreed with him on the 
advantage of better quality. In discussing electrical drive in 
textile mills in general, J. W. Fox emphasized the fact that 
continuity of service is by far the most important factor from the 
standpoint of the mill owner. The stopping of machines, he 
said, costs mill operators thousands of dollars in lost production. 
J. M. Oliver pointed out that most interruptions are caused by 
momentary voltage dips on the transmission lines, which dips 
operate the instantaneous undervoltage relays on the mill 
motors. He recommended the use of time-delay relays to over- 
come this trouble. E. F. Pearce in following this point told that 
the Georgia Power Company had made tests at several mills 
and found that in the worst case the mill machine may be sub- 
jected to a delay of four seconds without damage to machine or 
product when the power comes back on the line. He pointed 
out that in the majority of cases of voltage dip, relays set for a 
delay of 1 second to 1% seconds will keep the machines in 
operation. 

In the discussion on the last two papers, two advantages of 
individual electric drive were emphasized in addition to numer- 
ous advantages mentioned in the papers. These were the ad- 
vantages of cleanliness and of safety to the operators. C. A. 
Collier pointed out that the power factor of individual drives is 
rather low and that power factor correction becomes important 
when a large load of individual drives is assumed by a power 
company. 

PowEkR-SvsTEM OPERATION 


The last session of the meeting held on Wednesday afternoon 
dealt with power-limit and short-circuit tests, automatic oscillo- 
graphs and glow-discharge and photoelectric devices. Four 
papers, as indicated below, were presented in this session, at 
which W. E. Mitchell presided. 

Power-Limit Tests on Southeastern Power and Light Company’s 
System, by S. M. Jones and Robert Treat. 

Application of Auto-Oscillograph Equipment for Power Sys- 
tems, by A. Dovjikov. | 

Photo- Electric and Glow- Discharge Devices, by J. V. Breisky 
and E. O. Erickson. 

Shorl-circuit. Testing on Alabama Power Company's System, 
‘by H. J. Scholz and C. B. Hawkins. 

In discussing the first paper, A. Dovjikov questioned the 
accuracy of the wattmeter measurements which were reported. 
Robert Treat assured him that these measurements had been 
checked in several ways and he thought that they were reliable. 

In discussing Mr. Dovjikov's paper, E. E. George stated that 
quick-trip ammeters have been found very helpful in making 
rapid analysis of system troubles. With these ammeters, the 
records are instantly available and there is no delay such 
as is necessary for the development of oscillograph films. 
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Mr. Dovjikov pointed out that though these ammeters are use- 
ful as fault indicators, they do not give accurate numerical values. 

In connection with the last paper, E. E. George said that the 
Tennessee Power Company has made many tests by throwing 
short circuits directly on its system with only one failure of 
major equipment. These tests have been very valuable, he 
said, in determining the correct protective equipment. Raymond 
Bailey outlined some experiences the Philadelphia Electric 
Company has had with faults on 220-kv. lines and suggested 
that the remedy for such troubles seems to be the development 
of a high-speed 220-kv. circuit breaker. 


The marked success of this meeting reflects great credit on 
those who planned and conducted it, including many whose 
names cannot be published here for lack of space. The General 
Committee, which had direction of the meeting, is as follows: 
C. O. Bickelhaupt, Vice-President A. I. E. E. in Southern Dis- 
trict, Chairman; T. H. Landgraf, Vice-Chairman; C. E. Bennett, 
G. N. Brown, H. A. Coles, Rawson Collier, F. M. Craft, C. L. 
Emerson, T. W. Fitzgerald, E. H. Ginn, E. S. Hannaford, 
W. E. Mitchell, O. O. Rae, D. H. Woodward and G. J. Yundt. 


John W. Lieb is Made Officer of the Legion 
of Honor 


The French Government has bestowed upon John W. Lieb, 
Senior Vice-President of The New York Edison Company and 
Past-President of the Institute, the decoration of Officer of 
the Legion of Honor in recognition of the services rendered in 
furthering professional and industrial cooperation between French 
and American Engineers and for facilitating the interchange 
of knowledge and experience regarding the construction and 
operation of central station systems for the generation and 
distribution of electrical energy for light, heat, and power. 
Insignia of the decoration was presented to Doctor Lieb in be- 
half of the principal heads of the French electrical industry at 
an informal dinner tendered at Vanderbilt Hotel, November 
2, 1928, by G. Girousse, President of the Société Nord Lumiére 
and head of a delegation of French Central Station executives 
and engineers which has been visiting the prominent electric in- 
stallations of the United States. 


Gano Dunn is Elected Alumni Trustee of 
Columbia 


Announcement is made of the election of Gano Dunn (Presi- 
dent of the Institute 1911-12), asan alumni trustee of Columbia 
University. Mr. Dunn, who was nominated by the alumni 
to serve six years, is a member of the School of Mines class of 
1891 and succeeds Walter H. Aldridge, a Mines graduate of 
1887. This makes two of the six alumni trustees members of 
the engineering profession, the other being H. Hobart Porter, 
President of the American Water Works and Electric Company. 
General William Barclay Parsons, a life trustee and chairman 
of the Board, is also an engineer. 

Mr. Dunn, now President of the J. G.White Engineering Corpor- 
ation and a trustee of Barnard College and Cooper Union, recently 
retired from the chairmanship of the National Research Council. 
He is a Past-President of the New York Electrical Society and 
of the John Fritz Medal Board of Award; was ehairman of the 
Engineering Foundation, established by Ambrose Swasey to 
carry on engineering research, has been a representative of the 
American Society of Mechanical Engineers on the American 
Engineering Council, has held membership on several inter- 
national boards and commissions, and been a delegate to scientific 
congresses both here and abroad. He was a member of the 
War Department Nitrate Commission during 1916-1918, snd 
chairman of the State Department’s special commission on sub- 
marine cables in 1918. He is one of a group of Prof. Michael I. 
Pupin’s students who have attained distinction, and is founder of 
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the Gano Dunn Prize in electrical engineering, awarded annually 
by the Columbia Schools of Mines, Engineering, and Chemistry. 


Increased Enrollment in Engineering 
Schools 


The Bureau of Education, Department of Interior, has 
recently announced that the enrollment in 148 engineering schools 
in the United States has increased from 62,312 in 1926-27 to 
65,520 in 1927-28. 

The ranking schools in regard to the number of enrollments 
were: Massachusetts Institute of Technology, 2250; Purdue 
University, 2226; University of Illinois, 1820; Georgia School of 
Technology, 1596; University of Michigan, 1593; Ohio State 
University, 1546; University of Cincinnati, 1565; Lehigh Uni- 
versity, 1510; Northeastern University, 1471; Pennsylvania 
State College, 1444; Agricultural & Mech. College of Texas, 1441; 
Rensselaer Polytechnic Institute, 1414, with the professional 
grouping from these institutions giving the following numerical 
results: 

Electrical Engineering, 20,210; civil, 14,073; mechanical 
11,273; chemical, 5987; architectural, 3256; mining and metal- 
lurgy, 2143, and industrial and commercial, 2135. 


Progress in Air Mail Service 


It is announced by B. R. Van Leer, Asst. Secy., A. E. C. and 
Editor of the A. E. C. Bulletin, that the air mail service now 
has 24 lines operated by 22 private companies which have flying 
schedules from Montreal, Canads, to Mexieo City and Havana, 
Cuba. There are about 140 companies at present manufaetur- 
ing airplanes in the United States, which is & larger number 
than those manufaeturing automobiles. 

On September 27 the government had completed the transfer 
of all of its air mail lines to private eontraetors. "There is now 
expended annually over $100,000,000 in the airplane industry. 


U. S. A. Corps of Engineers Reports on 
Bridges 

The Corps of Engineers, U. S. A., under General Edgar 
Jadwin has issued through the Government Printing Office, a 
481-page book entitled “A List of Bridges Over the Navigable 
Waters of the United States." Approximately 6000 bridges are 
listed from information prepared by the various distriet engineers 
of the Engineering Department. For these 6000 bridges, the 
following information is given: Location, nearest town or street, 
miles above mouth of the river, owner, kind of bridge, number of 
spans, clear with normal to channel, clear height of lowest point 
of superstrueture, and the dates of the mean low water and high 
water, when and by whom authorized by law, date of approval by 
War Department, date completed, operating requirements and 
purposes for which bridges are used. "This book promises to be & 
most valuable contribution to the engineering profession. 
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DISBURSEMENT OF FEDERAL FUNDS 

The American Engineering Council has ‘‘reeommended 
endorsement of the principle of a provision for the expenditure of 
Federal funds on publie works already authorized to inerease 
employment in time of extraordinary depression of private 
industry, provided such expenditure can be carried through with- 
out any increase of taxation." Through its Administrative 
Board, it has acted upon the legislation proposed at the last session 
of Congress by Senator Jones of Washington, contemplating the 
creation of a prosperity reserve for the stabilization of industry 
and employment by the expansion of publie works during periods 
of industrial depression or unemployment. 
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In making the announcement, President A. W. Berresford 
made public a letter relative to the Jones bill. from Senator 
Vandenberg of Michigan to Major Williams, member of the 
Board, in which he stated that he anticipated that the result of 
special investigation of the Senate Committee on Education and 
Labor into all phases of unemployment would recommend an 
expansion of the ‘‘prosperity reserve” doctrine, as the present 
bill, in his estimation, is not sufficiently far reaching in not 
providing emergency methods for financing public works. 

President Berresford announced that the Council is opposed to 
the plan of Senator Wagner of New York to establish a national 
employment service in cooperation with the States, primarily 
because the matter of employment bureaus is a local and state | 
function, and that it would be a waste of public funds for the- 
Federal Government to get the States to establish such agencies, 
or, inlieu thereof, for the Federal Government to operate employ- 
ment bureaus in such States or elsewhere. The engineers felt 
that to establish a nationwide agency would only create a large 
number of additional jobs without actually affecting the real 
employment question when it exists. In a letter to the Ex- 
ecutive Secretary of the Council, Senator Wagner disclaimed any 
political motive in this connection and requested the opinion 
of the engineers. A bill sponsored by him for improvement in 
statistics, and which was disapproved by the Council, held 
that this purpose could be accomplished by the Department 
of Labor with funds and facilities now available, and that the 
creation of a new bureau was needless. The Council urged the 
establishment of a National Hydraulic Laboratory in the Bureau 
of Standards, an inventory of the water resources of the United 
States, the transfer of Federal public works functions to the 
Department of the Interior, topographic mapping to aid in the 
solution of flood problems and uniform requirements affecting 
Government contracts. The action of Congress to compel the 
use of steel cars in railway post office service was opposed by 
I. E. Moultroup, Vice-President of the Council, upon the grounds 
that it seemed to him unfair to put this extra burden upon the 
carrying companies when he believed it was more than probable 
that steel cars would be made a part of their standard equipment 
just so soon as the companies could afford them. The Council 
favored a change in the Amendment to the Flood Control Aot 
to provide for a permanent Mississippi Flood Control Board 
with a majority of members civilian engineers to review and 
adjust differences in Jadwin and Mississippi River Commission 
plans; this board to cease to function with the presentation of 
its report to Congress. Senator Frazier of North Dakota has 
& bill which he intends to push at the winter session of Congress, 
providing & Flood Control Board to consist of Chief of Engineers, 
the President of the Mississippi Kiver Commission, and nine 
disinterested civilian engineers to be named by the President. 

The American Engineering Council plans to increase public 
service activities during 1929 and will map out a program at its 
Annual Meeting to be held at Washington, January 14-15, 1929. 


American Standards Association 


Established 


Unanimous approval by the thirty-seven member bodies of the 
establishment of the American Standards Association to succeed 
the American Engineering Standards Committee, is announced 
by William J. Serrill, Assistant General Manager of the United 
Gas Improvement Company of Philadelphia. Mr. Serrill was 
chairman of the Standards Committee, and now becomes Presi- 
dent of the American Standards Association. According to Mr. 
Serrill, one of the most important results of the abandonment 
of the committee form of the organization will be a much 
broader of participation by trade associations in the direction of 
the national industrial standardization movement. 

One of the new Association’s first acts will be to organize 
a board of directors composed of twelve industrial executives. 
This newly created board, established in recognition of the 
increasing part which executives are playing in the stand- 
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ardization movement, will control the general administration and 
policies of the Association. The old Main Committee, composed 
of representatives of all the member bodies, now becomes the 
Standards Council, and in its hands will rest all matters con- 
nected with the adoption and approval of national standards. 

In addition to Mr. Serrill, the officers of the Association are: 
Vice-President, Cloyd Chapman: Secretary, P. G. Agnew; and 
Assistant Secretary, F. J. Sehlink. The advisory committee of 
Industrial Executives includes: J. A .Farrell, President of the 
U. S. Steel Corporation, Chairman; George B .Cortelyou, Presi- 
dent of the Consolidated Gas Company; John W. Lieb, Senior 
Vice-President of the New York Edison Company; L. F. Loree, 
President of the Delaware & Hudson Company; and Gerard 
Swope, President of the General Electric Company. 


International Aviation Conference 


Under the sponsorship of the Department of Commerce, there 
is to be held in Washington, December 12 to 14, the first Inter- 
national Civil Aeronautics Conference. The Department of 
State has issued invitations to 54 countries, asking each to be 
represented at the conference by a delegation. World problems 
relating to aircraft in commerce and trade will be discussed at 
this conference. 

The Executive Committee in charge is headed by Chairman 
William P. MacCracken, Jr., Assistant Secretary of Commerce 
for Aeronautics. The Program Committee is in charge of Starr 
Truscott, Chairman; Finance Committee, Harry Guggenheim 
Chairman; Entertainment and Transportation, Maj. Clarence 
Young, Chairman; Printing Committee, Hon. W. Irving Glover, 
Chairman; Publicity, Chance Vought, Chairman; Escort and 
Reception, Lieut. Col. R. H. Williams, Chairman; Credentials, 
Sydney Y. Smith, Chairman; Hotel Reservations, D. A. Skinner, 
Chairman. 
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BaiLEY TOWNSHEND, formerly Secretary of Engineering of 
the International Business Machines Corporation, has joined 
the Research and Development Division of Johns-Manville, Inc., 
as physicist. 

R. J. Kerocn, formerly assistant engineer of the Western 
Eleetrie Company was appointed chief engineer, of the Walbert 
Mfg. Co. under Bryon Minnium when Mr. Minnium became 
director of research at Stewart Warner Corp. 


CLvpr R. Keira has resigned from the Research Department 
of Bell Telephone Laboratories, New York City, and has accepted 
& position in the Sound Recording Department of the Metro- 
Goldwyn-Mayer Eastern Studios, New York City. 


CHARLES H. Kenney, recently distribution engineer for the 
Brooklyn Edison Company, has joined the organization of the 
Rome Wire Company Division of General Cable Corporation 
where he will be oceupied in field engineering work in the metro- 
politan section. 


FRANK Bo.ster, former engineer of the electrical depart- 
ment of the Syracuse Lighting Company, on November 1 joined 
the staff of Rome Wire Company Division of General Cable 
Corporation, as supervisory engineer. He will be located at 
Rome and will devote his time to engineering work in connection 
with the application of this company’s products in the central 
station field. 


Henry R. Stevens, formerly with Thebo, Starr & Anderton, 
of San Franeiseo, has opened a consulting engineer's office in 
Seattle, associated with Miles E. Clark, formerly assistant chief 
engineer with the Publie Service Commission of the State of 
Washington. He will specialize in design and construction of 
steam and hydroelectric developments and valuation and rates 
of publie utilities. 
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GEoncE S. HuMPHREY, formerly electrical engineer of the West 
Penn Power Company and Fast-Chairman of the Institute's 
Pittsburgh Section, has been appointed chief engineer of the 
Light and Power Properties of The Potomae Edison and its 
subsidiary eompanies, with full eharge of the generation and 
transmission of power in addition tothe general engineering needs 
of the several companies. He will report direct to the president. 

MaTTHEW S. SLoan was recently elected president of the 
Yonkers Electric Light and Power Company, one of 
five companies supplying electrie light and power to the Greater 
New York area in whieh he is the chief executive, the others 
being The New York Edison Company, the Brooklyn Edison 
Company, the United Electric Light and Power Company and 
the New York and Queens Eleetrie Light and Power Company. 
These are now being operated as a system with unified 
management. 

R. T. Prerson of New York City has been elected a director 
of the Bremer-Tully Mfg. Co. of Chieago, one of the pioneer 
companies of the radio industry. Through his early association 
with the Western Eiectric Company and later with Stromberg- 
Carlson of Rochester, New York, Mr. Pierson is internationally 
known in the telephone industry and it was through his efforts 
that modern telephone equipment was introdueed into numerous 
countries of the Orient, as well as Australia, New Zealand and 
continental Europe. 

F. V. MAGALHAES, general superintendent of the Distribution 
and Installation Department of the New York Edison Company 
in Manhattan, has resigned to become vice-president of engineer- 
ing of the Hall Electric Heating Company, Ine., Philadelphia. 
After Dec. 1 he will be located at the Philadelphia office. Mr. 
Magalhaes brings to this new position two years’ experience with 
the Brooklyn Rapid Transit Company, a year’s experience with 
the General Railway Signal Company of Rochester on design 
and experimental work on automatic railroad alternating-current 
signals and approximately twenty years in the central station 
field since his graduation from the electrical engineering course 
of the Polytechnic Institute of Brooklyn. 

CLARENCE L. Law’s appointment as Acting General Com- 
merical Manager of The New York Edison Company has just 
been announced by the president, Matthew S. Sloan. Mr. Law 
is past-president of the Illuminating Engineering Society, a 
member of the Board of Governors of the Electrical Board of 
Trade of New York, vice-president of the New York Electrical 
League, and member of the American Association for the 
Advancement of Science. He is at present treasurer of the 
Illuminating Engineering Society, and an Officier de L’ Instruction 
Publique, Republic of France. 

O. NEEDHAM, formerly section engineer in charge of steel 
mill engineering, of the East Pittsburgh Works of the Company, 
has been appointed assistant superintendent, of the Testing 
Department, and Wm. B. Shirk will replace Mr. Needham as 
seetion engineer in charge of steel mill engineering. 


Obituary 


Earle N. Dillard, electrician for the Booth-Kelly Lumber 
Company, Springfield, Oregon and an Associate of the Institute 
since 1921 died as the result of a fall which he sustained from a 
pole on which he was changing a 2300-volt fuse for his com- 
pany. His fall which was caused by an electric shock resulted 
in eoneussion of the brain and internal injuries. from which he 
died two hours later. 

Mr. Dillard was born at Goshen, Oregon; he was but thirteen 
years of age when, due to the death of his father. he was ealled 
upon to support his mother and three younger brothers. Not- 
withstanding this unusual responsibility he finished grade school 
and attended the University of Oregon at Eugene, where he ma- 
jored in engineering. After leaving school, he engaged with the 
Oregon Power Company, and in 1915 was chosen chief electrician 
of his present company. 


Dec. 1928 


S. G. Rhodes, general superintendent of the Distribution and 
Installation Department of the New York Edison Company 
since 1921 and a Fellow of the Institute (1913), died suddenly at 
his home in Brooklyn, N. Y., November 22, of heart disease. 

Born in New York City, October 22, 1872, he was edueated at 
Cooper Union, supplementing this schooling with private 
tutors. He specialized in higher mathematies under tutors 
from Columbia University. Entering the services of the New 
York Edison Company as a wireman September 1889, he worked 
his way up through the grades of foreman, general foreman, and 
others, until he reached the position which he held at his death. 
In 1920 he was appointed assistant to Dr. J. W. Lieb, then its 
vice-president and general manager, and in 1921 received his 
appointment as superintendent of the Distribution and Instal- 
lation Department. He had charge of the transmission and 
distribution cable systems of Manhattan, Bronx, and Yonkers; 
the Meter Department, involving installation, testing and main- 
tenance of meters in these areas; maintenance of service to cus- 
tomer's installations; the lighting of the city streets and parks, 
and the Testing Laboratories of the company. During the World 
War, Mr. Rhodes took active part in the preparation of speci- 
fications for electrical material and apparatus for foreign service, 
under the direction of the War Department. He also helped 
prepare plans for the lighting and protection of New York. He 
was the author of a number of reports and papers read before 
technical associations. 


Among his activities in associations and clubs were membership 
as Fellow of the Illuminating Engineering Society; past-vice- 
president, director, and member of the New York Electrical 
Society; past-secretary, director, and member American Engi- 
neering Standards Committee; treasurer and member of the 
Executive Committee of the Empire State Gas and Electric 
Association; member, United States National Committee of the 
International Electrotechnical Commission, the National Electric 
Light Association; Association Edison Illuminating Companies, 
Illuminating Engineering Society of Great Britain, The Dutch 
Club, and The Engineers. 


Lauro G. Villanueva, electrical engineer for the Calles 
Dam Construction, Camp No. 1, Pabellon, Ags., Mexico, was 
electrocuted October 2, while in performance of his duties there. 
Mr. Villanueva, who had only recently become an Associate of 
the Institute, was born at Torreon, Coah., Mexico. He received 
his E. E. from E. I. M. E., the Mexican college of first rank in 
electrical and mechanical engincering, and was afterward sent 
by the Mexican Bureau of Education to the Student Engineering 
Course of the General Electric Company, Lynn, Massachusetts. 
His degree of B. S. was granted him in 1925 and his work during 
that year consisted chiefly of experience in street lighting and 
river work, the testing of automotive generators and motors, 
assembling and testing of d-c. and a-c. motors, meter and instru- 
ment tests, and the erection and test of steam turbines and alterna- 
tors. In 1926 he was transferred to the General Electric Com- 
pany’s service shop at Chicago, where he became experienced 
in maintenance and trouble shooting of electrical machinery. 
The following year he joined the J. G. White Engineering 
Company on the operation of the Calles Dam, directing the 
installation of generators and exciters, switchboards, the installa- 
tion and connection of motors for the crushing plant, lighting 
of plants, ete. For the purpose of operating machinery at a 
Diversion Dam, six miles from the seat of the work, Mr. 
Villaneuva undertook the stringing of a high-tension transmission 
line. It was on this line that he met his death. 


Adam Bosch, retired superintendent of the Newark Fire 
Department’s Telegraph System and a Charter Member of the 
Institute, died at his home in Milburn, N. J., October 23. Mr. 
Bosch was the first head of the Fire Company’s telegraph de- 
partment and at the time of his retirement in 1917, had served 
it for forty-one years. He started with it soon after its incep- 
tion and the first use of the telegraph system. He was born near 
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Landau, Germany, in 1840, and came to this country with his 
parents when eleven years of age. For eighteen years he lived 
in New York ,being educated in the publie schools and at Cooper 
Union, where he took a five year scientific course evenings; he 
was graduated in 1865. At that time, he was employed in the 
Lock Department of the Herring Company, New York, makers 
of safes. In 1869 he went to Newark and started a lock business 
of his own with his brother Henry. In this work, Mr. Adam 
Boseh perfected a burglar alarm, which he patented. In 1876 
he was appointed Superintendent of Telegraph for the Fire 
Department. For a while he continued his lock business, but 
subsequently gave it up to devote all interest and time to the 
Fire Department. Mr. Boseh was also a member of the Old 
Time Telegraphers and Historian Association. 


William S. Hearding, who recently joined the Circuit 
Breaker Engineering Department of the Westinghouse Electric 
& Mfg. Co., East Pittsburgh, Pa., was killed while boarding a 
train October 13,1928. He was a native of Eveleth, Minnesota, 
and for four years attended the Electrical Engineering course at 
University of Michigan, receiving his degree of Bachelor of 
Science in Engineering in 1925. During his senior year, he was 
student assistant to Professor A. H. Lovell in a course on Power 
Plant economics, with some experience in the running of power 
tests and the study of conductor size and power plant installa- 
tion. Under Professor Lovell, he also redesigned the power 
house of the Kansas City Railway Company. In 1925 he 
became cadet engineer of the Brooklyn Edison Company and 
spent the last half of that year in the Outside Plant Bureau of 
Electrical Engineering Department doing work on load studies, 
economie size of substations, and economic size of cable for trans- 
mission feeeders and current carrying capacity under various 
conditions. His work prior to joining the Westinghouse Electric 
& Mfg. Co. was in the Electrical System Bureau of the same 
department doing economic studies. Mr. Hearding joined the 
Institute in 1926. 


Frank Casper Wagner, President of the Rose Polytechnic 
Institute was struck by an automobile November 21 and killed. 
Doctor Wagner, who was born in Ann Arbor, Michigan 1864, 
was chosen President of the Rose Polytechnic in 1923. An 
academic course at the University of Michigan was followed by a 
course in Mechanieal Engineering and the winning of an A. M. 
degree in 1884 and B. S. in 1885. From 1886 to 1889 he was in 
the employ of the Thomson-Houston Electrie Company as 
ereeting engineer, and for the last 18 months of that time had 
charge of all its work in the Republie of Mexico. From 1890 to 
1896 he was Assistant Professor of Mechanical Engineering at the 
University of Michigan; Associate Professor in Steam and Eleo- 
trical Engineering at Rose Polytechnic Institute from 1896 to 
1904 and from that date until his election as President, was 
Professor of Steam Engineering and Associate Professor of 
Electrical Engineering there. He was administrativd engineer 
for Indiana in the United States Fuel Administration in 1918 
and the author of a book on applied electricity. Doctor Wagner 
joined the Institute as an Associate in 1909. 


Alfred Griffin Place, consulting electrical engineer of the 
Youngstown Sheet & Tube Company, Youngstown, Ohio, and, 
since 1914, an Associate of the Institute, died October 25 at the 
Youngstown Hospital, following an operation. He was a native 
of Woburn, Massachusetts, where he attended the local high 
school from which he was graduated in 1904. He then entered 
the Massachusetts Institute of Technology and was graduated 
from a course in Electrical Engineering in 1908. That same year 
he entered the employ of the Stone and Webster Management 
Association in Seattle, with the Seattle Electric Company and Pu- 
get Sound Traction Light & PowerCompany. In September 1912 
he became assistant chief electrician of the Youngstown Sheet 
and Tube Company, and has remained with it ever since. 
Mr. Place was at one time a resident of Seattle, Washington, 
but returned east to make his home in Boston, Massachusetts. 
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He was nationally known in the profession and was in charge’ 
of aforce of 400 men, involving the supervision of the great 
variety of machinery used in the production of finished steel 
products including the operation and maintenance of 170 over- 
head cranes. 

Edgar Everett Stark, Fellow of the Institute since 1913, 
passed away suddenly while addressing at a Rotary dinner in 
Poultney, Vt., on July 26th. 

Mr. Stark was born in 1864 at Springfield, Ohio, and received 
his early education in the public schools of Cleveland. In 
1886 he was graduated from Case School of Applied Science with 
the degree of B. S., later taking his degree of E. E. from the 
same school. His first years of work were spent in the employ of 
the Brush Electric Co., in Cleveland and New York. In 1895 
he entered the service of the Stanley Electric Mfg. Co. of 
Pittsfield, Mass. installing their machines in various parts of 
California, Canada and.Mexico. In 1903 he went to New Zealand 
and it is there that his work is best known as designer and engi- 
neer of the Waipori Falls Electric Light and Power Co. of 
Dunedin, New Zealand, the first long distance hydroelectric 
transmission in that country. In 1915 he filled the position of 
electrical engineer for the City of Christchurch, where he re- 
mained until returning to America in 1920. For a short time 
Mr. Stark was with the Cleveland Eleetrie Illuminating Co. 
retiring about four years ago he took up his residence in Rock- 
Jedge, Florida. 

He was of a genial disposition and his sunny nature won many 
friends both in America and New Zealand. Mr. Stark joined 
the Institute in 1903. 

Charles Allen Wright, a member of the Institute since 1909, 
died October 22, 1928, in Lakewood, Ohio. 

Mr. Wright was born in Vicksburg, Mississippi, September 13, 
1884. He graduated from Tulane University as Bachelor of 
Electrical Engineering in 1906 and the degree of E. E. was 
conferred in absentia in 1909. After a brief period in the U. S. 
Engineers Office at Vicksburg, and two years in the Testing De- 
partment of the General Electric Company of Schenectady, he 
went as instructor in electrical engineering to the Graduate 
School of Applied Sciences at Harvard, taking the degree of 
M. E. E. in 1910. The next five years were spent as telephone 
engineer with the American Telephone and Telegraph Company 
at New York. In 1915 Mr. Wright went back to teaching, 
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NEW YORK SECTION TO VISIT EDISON LIGHTING 
INSTITUTE 

On Friday, December 14, 1928 the New York Section of the 
Institute will hold a meeting at the Edison Lighting Institute. 
Harrison, N. J. The evening will be devoted to & talk on the 
“More Recent Developments in the Lighting Field," by A. L. 
Powell, manager Engineering Dept., Edison Lamp Works of 
G. E. Co. Mr. Powell's talk will be accompanied by novel and 
spectacular demonstrations, showing effects of color on surround- 
` ings, street lighting, floodlighting, ete. The meeting will be 
preceded by a dinner at the Edison Lighting Institute. Com- 
plete details will be given in a notice shortly to go to the Section 
membership. 


FUTURE SECTION MEETINGS 
Cleveland 
Joint meeting with Cleveland Chapter, Illuminating Engineer- 
ing Society. Electric League rooms, Hotel Statler. December 
13. 
Characteristics and Limitations of Insulating Material for 
Power Cables, by E. M. Davis, Ass’t Chief Elec. Engr., Simplex 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


serving as Professor of Electrical Engineering at Iowa State 
College, Ames, Ia. (1915-18); Carnegie Institute of Technology, 
Pittsburgh, Pa. (1918); and Ohio State University, Columbus, 
Ohio (1918-26). In 1926 he was called to take charge of the 
Radio Division of the National Carbon Company Research 
Laboratories at Cleveland, Ohio, a position he held to the 
time of his death. 

Mr. Wright's chief technieal interests were in the field of 
communication, first in telephone and then in radio. He made 
numerous contributions to technical literature, his book, 
""Telephone Communication” being published in 1925. While at 
Ohio State University, he was in charge of the Department of 
Communieation and directed the work of the University radio 
station WEAO. He took an active part in the meetings, dis- 
cussions, and committee work, of the Institute, the Institute 
of Radio Engineers, and the Society for the Promotion of Engi- 
neering Education. At the time of his death, he was a Reserve 
Officer in the Signal Corps with the rank of Captain. He was 
transferred from Associate to Member of the Institute last year. 


Addresses Wanted 


À list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Any other member know- 
ing the present address of any of these members is requested to 
communicate with the Secretary at 33 West 39th St., New York. 

All members are urged to notify Institute Headquarters 
promptly of &ny changes in mailing or business address, thus 
relieving themselves of needless annoyance and assuring the 
prompt delivery of Institute mail through the accuracy of 
mailing records; also the elimination of unnecessary expense or 
postage and clerical work: 


Benjamin Brown, 609-7th Ave., N. Great Falls, Mont. 

Frederick R. Fowler, Box 82, Big Creek, Calif. 

Dorgival G. Mororo, Rua Barao Do Triumpho 451, Brazil, 
South America. 

Michael Salvatore, 152 N. 53rd St., Philadelphia, Pa. 

S. Stangeby, Ausable Forks, N. Y. 

Ralph R. Wright, 950 30th St., Oakland, Calif. 

P. M. Wu, 76 N. 5th St., Newark, N. J. 
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Wire and Cable Co. Electric League rooms, Hotel Statler. 
January 17. 
Columbus 

Television, by Dirk Schregareus, Transmission Engr., Ohio 
Bell Telephone Co. January 4. 

Aerial Photography, by Capt. A. W. Stevens, Chief Aerial 
Photo Branch, Wright Field. Joint Dinner Meeting with 
A.S. M. E. January 25. 


Pittsburgh 

Facsimile Picture Transmission, by Dr. Dayton Ulrey and 
Dr. V. Zworykin, Research Dept., Westinghouse Electric & 
Mfg. Co. December 11. | 

Our Opportunities for Service through the Institute Section, by 
R. F. Schuchardt, National President, A. I. E. E. Dinner 
meeting. January 8. 

. Seattle 

Engineering Features of A-C. Networks, by M. T. Crawford, 
Supt. of Distribution, Puget Sound Power & Light Co., and 
W. J. MeKeen, Ass't Supt., City Light Dept., City of Seattle. 
December 18. 


Dec. 1928 


Address by an Engineer of the American Telephone & Tele- 
graphCo. January 15. 
Vancouver 


High-Frequency Bridge Measurements, by Dr. H. Vickers, 
University of British Columbia. January 8. 


Washington 


Principles of the Mechanical Telephone, by E. H. Goldsmith, 
Engr., New York Telephone Co. December 11. 
Regular Meeting. January 8. 


OPPORTUNITIES FOR THE YOUNGER MEMBERS IN 
SECTION MEETINGS 

At a meeting of the St. Louis Section, September 19, 1928, 
C. P. Potter, Chairman of the Section, gave an address on the 
subject ‘‘Does the Institute Accomplish Its Object?" in which 
he discussed briefly the Institute activities through which the two 
objects stated in the Constitution are constantly being attained, 
and considered more fully methods by which a third object, —i. e., 
the development of the individual engineer,—can best be attained. 
The substance of his remarks on this latter object is given in the 
following paragraphs. 

The Institute keeps the individual member informed of the 
latest developments in the industry, provides a place where he 
may listen to talks on engineering subjects or take part in their 
diseussion, and become aequainted with engineers whom he 
might not otherwise meet. There is no better way to to do this 
than by serving on Section committees, usually composed of 
men who have proved by consistent attendance at meetings 
that they are genuinely interested in lnstitute affairs. 

At the present time most of the papers are presented by men 
who are recognized authorities on the subjects under considera- 
tion. Too little effort is made to induce men who are not so 
far advanced in the profession (especially the younger men) 
either to present papers or to discuss those presented by others. 
‘Many times these men feel that questions which they would like 
to ask might seem ridiculous or betray ignorance of a subject 
with which they should be acquainted. The result is that they 
never take part in the discussion and probably never will unless 
the officers of the Section plan meetings with this point in mind. 

One method which might be used to get the younger engineers 
on their feet is to have three or four speakers in one evening, 
who would deal with the different phases of the same subject. 
For instance, at the beginning of the year one evening might be 
devoted to a résumé of the year’s achievements in the electrical 
engineering field, and the general subject could be subdivided so 
that each of three or four men could have a perfectly definite 
field for his discussion. Such papers could be prepared very 
readily by the younger men, and would no doubt serve to draw 
them into the preparation and discussion of others. 

Another plan which might be effective is to have a debate 
on some civic question with that question argued by at least two 
or possibly three men on each side. For instance, it might be 
possible to have a debate dealing with a proposed electrification 
of the railways entering St. Louis or the relative merits of the 
location of the street car tracks on Delmar Avenue between 
Kingshighway and Clara as compared with the arrangement 
ordinarily used. Various subjects of a general nature would 
no doubt be readily available, and the debating of such questions 
would be very good experience for some of our young engineers. 

There certainly are men in our own Section who are thoroughly 
competent to present papers of real value and interest and who 
have never been asked to do so. These men should be called 
upon in preference to those from outside the Section. Papers 
which have been presented in the past by those who have come 
from a distance have been enjoyed very much, and similar 
papers in the future will be appreciated; but the opportunities 
for the development of our own local men should be kept in 
mind. 
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Each member of the Section who is requested to participated 
in a meeting should do so willingly and there should be free 
discussion of all papers. Each member should try to get 
the greatest possible benefit from the Section activities. The 
Executive Committee will welcome suggestions and constructive 
criticism. 


SECTION ORGANIZED AT HOUSTON, TEXAS 
A petition for the formation of a Section at Houston, Texas, 


| was approved by the Board of Directors on August 7, 1928. 


The first meeting of the Section was held on October 17, and the 
following offieers were eleeted: Claude A. Williamson, Chairman; 
L. K. Del Homme, Secretary-Treasurer. At a meeting held 
on November 14, By-laws were adopted, and the Program Com- 
mittee announced a tentative program for the year. A paper 
entitled Repairs to Electrical Machinery was presented by A. C. 
Kater, President, Houston Armature Works. 


PAST SECTION MEETINGS 


Akron 


Inspection trip through the coke plant and rolling mill section of 
the Central Alloy Steel Company, Massillon, Ohio. October 
12. Attendance 90. 
Boston 


Inspection trip to Ashmont Street Automatie Substation of the 
Boston Elevated. October 6. Attendance 125. 


Cincinnati 


Some Studies in Radio and ‘Carrier Communication, by G. F. 
Lampkin, graduate student, University of Cincinnati. 
Oetober 16. Attendance 16. 


Cleveland 


Union Terminal Electrification, by H. W. Pinkerton, Ass't. Elec. 
Engr., Cleveland Union Terminal Co. Illustrated with 
slides. A dinner preceded the meeting. October 18. 
Attendance 186. 

Connecticut 


Electric Welding of Steel Bridges and Buildings, by Frank P. 
MeKibben, Consulting Engr. October 15. Attendance 81. 


Dallas 


The Cooperative Plan of Engineering Education, by E. H. Flath, 
Dean of Engg., Southern Methodist University. October 
15. Attendance 42. 


Detroit-Ann Arbor 


SUR Protection for Transmission Lines and Apparatus, by 
K. MeEachron, Research Engr., General Electric Co. 
October 23. Attendance 90. 


Erie 


Power Transformers and Developments of Recent Years, by F. F. 
Brand, General Electric Co. Illustrated with slides. Octo- 
ber 16. Attendance 60. 


Fort Wayne 


The Heating of Homes by Electricity, by B. R. Green, Sales Dept., 
Hall Electrice Heating Co., and P. S. Lyon, Chief Ener., 
Hall Electric Heating Corp. October 25. Attendance 50. 


Houston 


Organization Meeting. The following officers were elected: 
Chairman, C. A. Williamson; Secretary-Treasurer, L. K. 
Del’Homme. The meeting was preceded by a dinner. 
October 17. Attendance 29. 


Ithaca 


Some Operating Problems in Connection with Generating and 
Transmission Systems, by H. C. Don Carlos, Chief Operating 
Engr., Hydro-Electric Power Commission of Ontario. 
At a lecture in the morning Mr. Don Carlos addressed about 
75 students on the Economical Use of Available Water at 
Niagara Falls for Power Generation. November 9. At- 


Illustrated with slides. 


tendance 40. 
Kansas City 
Engineers in Business, by W. Jack Squire, Consulting Engineer, 
and 


Progress in the Mastery of Lightning, by F. W. Peek, Jr., General 
Electric Co. Slides and moving pictures were shown. 
October 17. Attendance 200. 
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Lehigh Valley 


Inspection trip through the Plymouth Meeting Substation of the 
Philadelphia Electric Co. 
the Lehigh Valley. September 29. Attendance 85. 


Los Angeles 


System Stability As a Design Problem, by R. H. Park and E. H. 
Bancker, General Electric Co., and 


Sphere-Gap and Point-Gap Arc-Over Voltage as Determined by 
Direct Measurement, by J. S. Carroll, Ass’t. Professor of 
Elec. Engg., Stanford University, and Bradley Cozzens, 
Research Engr., Bureau of Power & Light. 
slides. The meeting was preceded by a dinner. 
2. Attendance 93. 


Inspection trip to the new automatic mercury are power rectifier 
substation of the Los Angeles Railway at Inglewood. 
October 6. Attendance 47. 


Lynn 
Motion pictures, entitled respectively ''Story of Gasoline" and 
“Story of Lubricating Oil," were shown. October 24. 
Attendance 125. 


The Old and the New, by L. T. Robinson, General Electric Co. 
This talk covered series arc lamps, small belted generators 
of 35-kw. capacity, the development of a-c. generators, 
transformers, single-phase motors, power for electric rail- 
ways, and the introduction of railway motors. In con- 
clusion Mr. Robinson outlined the principles involved in the 
talking moving picture and the electrical reproduction of 
sound from phonograph records. November 7. Atten- 
dance 150. 


October 


Madison 


Banquet, after which the following talks were given: The Obliga- 
tions of the Engineer and What the Engincering Student May 
Expect after College in the Various Branches of Engineering 
Work. The speakers leading.the discussion were: R. F. 
Sehuehardt, National President, A. I. E. E.; Prof. Edward 
Bennett, Head, Dept. of Elec. Engg., University of Wis- 
consin; C. B. Hayden, Principal Ass't. Engr., Wisconsin 
R. R: Commission; Prof. C. M. Jansky, Dept. of Elec. 
Engg., University of Wisconsin; T. A. Brown, Supt. of 
Distribution, Madison Gas and Electric Co.; H. P. S. Day, 
Wisconsin Telephone Co.; E. W. Odbert, Chairman, 
University of Wisconsin Branch, A. I. E. E., and E. A. 
Wegner, Student. Joint meeting with University of 
Wisconsin Branch. October 23. Attendance 110. 


Minnesota 


Electricity in Europe and America, by J. W. Lapham, Secretary, 
North Central Electric Association. Illustrated with 
slides. October 22. Attendance 40. 


Pittsburgh 


Railroad Electrification, by F. H. Shepard, Westinghouse Electric 
& Mfg. Co. Motion pictures. Joint meeting with the 


utin enean 


2 


» 


STUDENT ACTIVITIES AT THE ATLANTA REGIONAL 
MEETING 

The opening session of the Regional Meeting of the Southern 
Distriet, held in Atlanta Oetober 29-31 and reported more fully 
elsewhere in this issue, was devoted to & program prepared by 
the Distriet Committee on Student Activities, ineluding talks on 
the general subject Student Activities, and also some technical 
papers. Professor Earle S. Hannaford, Chairman of the 
District Committee on Student Activities, presided and C. O. 
Biekelhaupt, Vice-President, Southern District, gave a brief 
address of weleome. President Sehuehardt was then introduced 
by Vice-President Biekelliaupt, and spoke of the fine eharaeter 
of the program prepared for the entire meeting, saying that he 
partieularly liked the feature of having one session devoted to 
student papers. He urged that the practising engineers and 
students mix a great deal more at all such meetings. Chairman 
Hannaford introdueed National Seeretary F. L. Hutehinson, 
who stated that the Student Activities of the Institute have 
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Joint with Engineers’ Club of 


Illustrated with : 


Journal A. I. E. E. 


Electrical Section, Engineers Society of Western Pa. 
October 16. Attendance 106. 


Rochester 
Televoz, by J. L. MeCoy, Westinghouse Electric & Mfg. Co. 
Joint meeting with Rochester Engineering Society, Institute 
of Radio Engineers and Rochester Chamber of Commerce. 
October 19. Attendance 1450. 


St. Louis 


Fractional-Horsepower Motors, by P. W. Baker, Wagner Electric 
COD. Illustrated with slides. October 17. Attendance 
5. 


San Francisco 

System Stability as a Design Problem, by R. H. Park and C. A. 
Nickle, Engg. Dept., General Eleetrie Co. September 21. 
Attendance 80. 

Inspection trip through plant of the Pacific Electrie and Mfg. 
Company, preceded by a dinner at which Roy Wilkins, 
Engr., gave an illustrated talk on ‘History of Oil Circuit 
Breakers." October 26. Attendance 205. 


Schenectady 
Bugs, by Dr. W. R. Whitney, Vice-President, General Eleetrie 
Co. Oetober 19. Attendance 400. 
Fundamentals of Electric Distribution Practise and Economics, 
by D. K. Blake, Central Station Engg. Dept., General 
Electric Co. November 2. Attendance 150. 


Professional Progress; Positive and Negative, by Alex Dow, 
National President, A. S. M. E., and President, Detroit 
Edison Co. November 9. Attendance 200. 


Seattle 


Some Features of Hydroelectrical Design, by A. F. Darland, 
Supt. of Electrical Construction, City of Tacoma. October 
16. Attendance 88. 


Toledo 


Street Lighting, by K. M. Ried, Nela Park. 
slides. October 26. Attendance 32. 


Illustrated with 


Toronto 


Motor Drives for Paper Mills, by A. B. Gates, Canadian General. 
Eleetrie Co. etober 26. Attendance 65. 


Vancouver 
Inspection tour of New Technical School, conducted by J. G. 
Lister, Principal. The meeting started with a dinner in the 
Sehool Cafeteria. November 6. Attendance 37. 


Washingdton 


The Problem of Superimposed Communication Facilities, by 
Major C. W. Green, Bell Telephone Laboratories. A dinner 
preceded the meeting. October 9. Attendance 25$. 
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A. I. E. E. Student Activities 
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. 
always been considered of great importance by the Board of 
Directors, and spoke briefly of the recent developments. He 
then introduced H. H. Henline, Assistant National Secretary, 
who gave a talk on the subject ''Student Activities.” 


Chairman Hannaford announced that a cup would be awarded 
to the student who presented the best paper and that the decision 
would be made by the following judges: H. P. Charlesworth, 
Chairman, Meetings and Papers Committee; H. L. Wills, 
Chairman, Atlanta Seetion; and H. H. Henline, Assistant 
National Seeretary. 

During the presentation of the following program, Chairman 
Hannaford requested the Counselor of eaeh Branch represented 
to introduce the speaker. 

Student Activities, Samuel Evans, Chairman, University of 
Louisville Branch. 

Electric Power in North Carolina, O. M. Carpenter, Chairman 
North Carolina State College Branch. 


Dec. 1928 


Student Activities, R. S. Kersh, Chairman, A. & M. College of 
Mississippi Branch. 

Transient Nature of Surges, Oscillations and Traveling Waves in 
Commercial Telephone and 110 K. V. Power Lines, Edgar R. 
Hauser, Alabama Polytechnic Institute. 

Local Branch Constitutions and By-Laws, Their Scope and 
Application, Edw. M. Burn, Chairman, Georgia School of 
Technology Branch. 

Although all the papers were well presented and contained 
very interesting material, the judges, after giving due weight to 
all the factors which they thought should be considered in ar- 
riving at a selection of the best paper, decided unanimously 
that the eup should be awarded to Samuel Evans, Chairman of 
the University of Louisville Braneh, for his talk entitled 
"Student Aetivities." "The eup, which was a gift of the Okonite 
Company of Atlanta, was presented to Mr. Evans at the opening 
of the General Session on Monday evening. 

At a luncheon meeting of Counselors, Branch Chairmen, and 
others interested in Student activities, held on Tuesday, several 
subjects were discussed, including Section and Branch cooper- 
ation, Student Conventions in District No. 4, and delegates 
to District Conferences on Student Activities. President 
Schuchardt emphasized the great importance of the cooperation 
of engineers with educators and students, and said Sections and 
Branches that are close together are missing a tremendously 
fine opportunity if they do not hold joint meetings at least 
occasionally. 

The Counselors held a business session on Wednesday morning, 
at which Professor W. J. Seeley, Counselor of the Duke Univer- 
sity Branch, was elected Chairman of the District Committee 
on Student Activities for the year beginning August 1, 1929, 
and Counselor Delegate to the 1929 Summer Convention. 
It was decided that the next District Conference will be 
held at the University of Virginia during the Fall of 1929, the 
exact date to be determined later. It was considered desirable 
that each Branch make local arrangements, if possible, for 
sending a Junior to the District Conferences. A motion was 
passed expressing appreciation of the excellent work done 
during the past year by Professor Earle S. Hannaford as Chair- 
man of the Committee on Student Activities. 


STUDENT ACTIVITIES! 


By SAMvEL Evans? 
Enrolled Student 


I. Tue NEED or STUDENT ACTIVITIES 


In the beginning when man-made schools began shaping 
their human output into units of definite engineering value to 
society, it became evident that a course in engineering, be it ever 
so all-encompassing, was not complete without profitable digres- 
sions from the theoretical to the practical. As this conviction 
became more prevalent, steps were taken to include activities 
in the curriculum that provided for the building of character, 
the development of leadership, and a pride in the chosen pro- 
fession. Student activities were also formed from which it 
was hoped that students would absorb an antitoxin for the ills 
to be encountered in their own industrial careers. Men have 
found that the burdens of actual life fit with admirable snugness 
into the impressions left by student-society responsibilities. 

The benefits to be derived from student activities are manifold 
and far-reaching. Dramatics teaches a student to play the 
part despite any variance of the sentiment of the play with that 
of the player. Stage work entails the death of stage fright, a 
nonchalant inurement to the criticism of lookers, and an un- 
affected simplicity of expression that proves invaluable to an 
ingenious business man. 

1. An abridgment of a paper presented at the Student Activities 
Session of the Regional Meeting of the Southern District. held in Atlanta, 
October 29-31, 1928, for which the author was awarded the cup offered for 


the best paper. 
2. Chairman, University of Louisville Branch. 
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Athletics teaches the necessity of unity in concerted action, 
a spirit ‘of fairness and tolerance towards one’s adversaries, and 
a whole-hearted loyalty to a cause. 

Art teaches a love of the beautiful, an appreciation of a worthy 
technique and an eye trained in the appraisal of proportion. 
A man who lacks the sedative influence of a love of beauty or 
with no sense of proportion will not attain success because of his 
lack of an ideal and his inability to evaluate. 


II. THREE REASONS FOR STUDENT ACTIVITIES IN THE 
ELECTRICAL ENGINEERING PROFESSION 


There are three main reasons for having student activities 
in connection with the electrical engineering profession. These 
are: first, professional association; second, instructive observa- 
tion; and third, individual development. A man’s association 
has a great influence upon his actions, his speech, and even his 
mode of mental attack. It aids him in the acquisition of what 
might be called a professional attitude. It also leads to the 
growth of a respect for the chosen profession. 

A similar interest should be taken in instructive observation 
and individual development. A student in his scholastic work 
needs mental pictures of engineering objects about which the 
problems which he has to solve are constructed. These mental 
pictures taken from retinal negatives, act as drying-racks for 
fresh theoretical ideas. Many schools of today are including 
in their curricula, methods for giving the student the retinal 
negatives from which the mental pictures are made permitting 
the student to enjoy alternate periods of study and observation. 


Of the three reasons for having student activities, the third 
is perhaps the best. A young man who expects to take the lead 
professionally, socially, and economically, must form habits of 
mind, and develop fixed traits of character and definite methods 
of execution. He must learn to grasp a situation with ease and 
think rapidly in a technical manner, checking results where 
possible, still being able to discuss or explain in non-technical 
terms to a person of lesser technical knowledge his conclusions 
and his methods of arriving at them. 


III. 


It might be well here to give some idea of what the students 
of the Speed Scientific School of the University of Louisville 
have been doing sinee the organization of its Student Branch 
of the A. I. E. E. about & year ago, and what it intends doing in 
the future. It began by having one night meeting every month 
to whieh outside speakers wereinvited, including moving pictures, 
slides, and other types of illustrations. Later the executive 
committee deemed it necessary to have afternoon meetings as 
well. At these meetings papers prepared by the students were 
presented. Twice the Student Branch was invited to attend the 
local Section meetings, and upon one of these occasions, made 
inspection trips through the Waterside Plant of the Louisville 
Gas and Electric Company. Programs, in the future wi)l consist 
of subjects taken from the three branches of power,—generation, 
transmission, and distribution. It was decided at this meeting 
also to take inspection trips to such places of engineering interest 
as the Dix River Power Plant of the Kentucky Utilities Com- 
pany, the James Clark Electric Manufacturing Company, ete. 


STUDENT ACTIVITIES AT THE UNIVERSITY OF LOUISVILLE 


In the Speed Scientific School, there are four societies in 
active operation. They are the Speed Scientific Society, the 
Student Branch of the A. S. M. E., the Chemical Engineering 
Society, and the Student Branch of the A. I. E. E. Due to the 
fact that members of some of these socieites are also members 
of the other organizations, a Society Governing Board was 
established to have jurisdiction over the meetings of the socieites. 
This board is composed of the chairman of each society and the 
chairman of the program committee of each. The societies of the 
Speed School look forward to a very prosperous year under the 
present plan of operation. The societies have decided to take 
the longer trips of observation together so as to eut-down the 
expense per head by inereasing the number of heads. 
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BRANCH MEETINGS 


Municipal University of Akron 

Experiences with Motors, by Mr. Hartman; 

A Visit toa Power Station at Niagara Falls, by Mr. Tinley, and 

Demonstration (ee Schaefer Prone Pressure Method of Resuscita- 
tion, by P. W. Bierman and L. T. Rang, Students. Reports 
of Treasurer, Chairman of Membership Committee, and 
Chairman, Meetings and Papers Committee. October 11. 
Attendance 21. . 


Alabama Polytechnic Institute 


What is Expected of the Young Engineer, by J. R. Alexander. 
Announcements regarding Atlanta Regional Meeting. 
October 11. Attendance 35. 


The Vitaphone, by E. R. Jones, Student; 

The Generating Equipment at the Hell Gate Station, by W. L. 
Cochran, Student; 

Manufacture of Brick, by T. G. Barineau, Student, and 

Experiences with Arc Welding, by E. Walters. J. J. O’Rourke 
was elected reporter to the ‘‘Auburn Engineer." October 
18. Attendance 49. 


Supervisory Control, by Mr. Sharit, Alabama Power Co.; 

The Operation of an Ice Plant, by O. W. Baird, Student; 

High-Tension Lines from the Conowingo Plant, by O. T. Allen, 
Student, and 

The Problem Confronted with Line Surges, by E. R. Hauser. 
October 25. Attendance 38. 

Monoplane Construction, by C. C. Pierce, Student, and 

Summer Experience with a Line Construction Gang, by H. T. 
Drane, Student. W. P. Smith, Chairman, gave a report 
upon the Regional Meeting in Atlanta. H. T. Drane was 
elected Plainsman Reporter. November 1. Attendance 41. 


University of Arizona 


Business Meeting. September 29. Attendance 9. 

Report on Summer and Pacific Coast Conventions, by Prof. J. C. 
Clark, Counselor, and 

Report on Pacific Coast Convention, by Jack Hopper, Chairman. 
October 3. Attendance 10. 


Armature Winding, by Gene Magee, Student. October 10. 
Attendance 10. 

Moving Pictures. October 17. Attendance 8. 

Railway Electrification, by H. Soliday, Student. Moving pic- 
tures on same. October 24. Attendance 10. 

Hyperbolic Angles, by Geo. Linn, student. October 31. At- 


tendance 10. 


Motion picture, entitled ‘‘The Single Ridge," was shown. 
November 7. Attendance 14. 


University of Arkansas 
A, B, and C Amplifiers, by Mr. Barton, Student. 
Attendance 13. 
Three-Phase 110-220 Metering, by B. H. Dorman, Student, and 


The Levee Work on the Mississippi River, by T. L. Peters, Student. 
November 9. Attendance 8. 


Armour Institute of Technology 
The Technical Man in Industry, by Fred Schmidt, Personnel 
Dept., Western Electric Co. October 15. Attendance 105. 
The Vilaphone and Movietone, by Robert Burns, Technician 
with Warner Bros. Slides and exhibits. October 29. 
Attendance 110. 


Brooklyn Polytechnic Institute 

College Education as Y ou Get It, and What You Will Do with It, by 
Dean A. A. Potter of the Schools of Engineering at Purdue 
University, and 

Review of the History of the Engineering Societies of America, by 
Ernest Hartford, Assistant Secretary, A. S. M. E. Third 
annual joint meeting, Branches A. I. E. E., A. S. M. E., 
A. S. C. E. and A. I. Ch. E. October 5. Attendance 75. 


Bucknell University 
Illuminating Engineering, by R. M.Swetland '23, General Electric 
Co. Refreshments served. October 23. Attendance 48. 
University of California 


Trip to Big Creek Power Houses and the Yosemite National Park, 
by N. C. Clark, Student. Brief talks by Mr. Morgan and 
Mr. Leubcke. 


October 25. 
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Prof. T. C. McFarland, Counselor, gave a. 


Journal A. I. E. E. 


short talk and distributed forms to be filled out by the men 
indicating their preferences of subjects and their desires to 
give student papers at the meetings. October 24. At- 
tendance 43. 


Carnegie Institute of Technology 


History and Purpose of the A. I. E. E., by Prof. B. C. Dennison, 
Counselor. He also explained Student enrolment. Prof. 
W. R. Work, Head of the E. E. Dept., urged more active 
participation on the part of the students in the presentation 
of papers at the meetings of the Branch. Refreshments 
served. October 10. Attendance 46. 


Case School of Applied Science 


Faculty members and students spoke on experiences. Com- 
mittees appointed. Dinner preceded the meeting. October 
23. Attendance 30. 


Catholic University of America 


The President welcomed the new students, outlined the purposes 
and aims of the Branch, and announced plans for the year. 
A prize will be given at the end of the year for the best 
student paper. Refreshments were served. October 24. 
Attendance 20. 


Clarkson College of Technology 
Banquet and Social Meeting. October 23. Attendance 50. 


Clemson College 


A brief outline of the Regional Meeting held in Atlanta was given 
by Laird Anderson, Chairman. Reports of the different 
sessions were given by students who had attended as follows: 
Student Activities Session, J. F. Callaham; Power Develop- 
ment Session, R. L. Sweeny; General Session, M. A. Wackym; 
Communication and High Voltage Session, L. E. Marshall; 
Inspection Trips, W. P. West; and Dinner Dance, C. S. 
Lewis. Prof. S. R. Rhodes, Counselor, made a few remarks 
about the general nature of the meeting in Atlanta. Novem- 
ber 8. Attendance 31. 


University of Colorado 


Principles of Banking, by J. H. Gibson, First National Bank of 
Boulder. October 31. Attendance 40. 


University of Denver 


Motion picture, ‘‘The Power "Transformer." 
Attendance 28. 


University of Detroit 


Electric Arc Welding, by H. M. Doud, General Electrie Co. 
Motion pietures on Automatie Are Welding as Applied to 
Generators and Motors. Luncheon preceded the meeting. 
October 25. Attendance 47. 


Duke University 


Inductive Interference, by William Cranford, Chairman. Com- 
mittees appointed. October 26. Attendance 22. 


University of Florida 


Representatives of Branch instructed to extend invitation at 
Atlanta that next Conference on Student Activities of 
District No. 4 be held in Gainesville. Discussion by Prof. 
J. M. Weil, Counselor, of plans for future meetings. Octo- 
ber 8. Attendance 19. 


Kansas State College 


Business Meeting. Nomination of offieers. Constitution and 
By-laws adopted. September 20, afternoon. Attendance 
76. 

Summer Experiences with Western Electric Company, Chicago, 
by R. L. Miller, Student; and 

Summer Experiences with the Southwest Bell Telephone Company, 
Kansas City, Mo., by E. Skradski, Student. Talk by Prof. 
R. G. Kloeffler, Counselor, on the advantages of connection 
with the A. I. E. E. September 20, evening. Attendance 
65. 

Current Events, by Mr. Ankenman, and 

Summer Experience with Western Electric Co., by Mr. Breneman. 
Film, “Fifty Years of Telephone Progress.” Election of 
officers. October 4. afternoon. Attendance 75. 

Current Events in the Field of Engineering, by C. E. Pickett, 
Student, and 

Experiences with Westinghouse Electric & Manufacturing Com- 

any, East Pittsburgh, Pa., by A. W. Broady, Student. 
otion picture, "Fifty Years of Progress in Telephony.” 

October 4, evening. Attendance 80. 


October 19. 


Dee. 1928 


University of Kansas 
Research Work on a New Type of Radio Tube, by Norville Douglas. 
Dean G. C. Shaad, Counselor, gave a talk on the activities 
of the A. I. E. E. Election of freshmen representatives. 
November 1. Attendance 33. 


University of Kentucky 
Prof. W. E. Freeman, Counselor, gave an illustrated talk on the 
equipment of the all-electric ship, California. October 17. 
Attendance 41. 
Film, ‘“‘The Single Ridge." October 31. Attendance 40. 


Lafayette College 
Business Meeting. October 27. Attendance 21. 


Lehigh University 


Electricity in the Steel Industry, by D. M. Petty, '09, Supt., 
Elee. Dept., Lehigh Plant, Bethlehem Steel Co. Chairman 
S. R. Van Blarcom announced prize of $10 to be given for 
best student paper presented during the year. Distribution 
of copies of Branch Constitution which will be voted upon 
at the next meeting. Short talks by Prof. S. S. Seyfert, 
Acting Head, Elee. Engg. Dept., and Prof. J. L. Beaver, 
Counselor. October 25. Attendance 102. 


Lewis Institute 
Business Meeting. Leo Weinshank elected Secretary. Plans 
for the year discussed. October 12. Attendance 12. 
Talks by A. Gaimari, Chairman, A. I. E. E. Branch, and the 
Chairman of the W. S. E. Branch, on advantages of enrol- 
ment in the societies. Prof. J. G. Bennett urged the stu- 
dents to join the engineering societies. October 26. At- 
tendance 96. 


Louisiana State University 


Business Meeting. Election of officers. October 10. Atten- 
dance 15. 


University of Louisville 

The Scenic, Industrial and Power Phases of Niagara Falls, by 
Philip N. Fleck, representative of the Niagara Falls Chamber 
of Commerce. Slides. 

The Queenstown Power Plant, by E. W. Davis, Student, and 

The Conowingo Power Plant, by T. M. Davis, Student. Pictures. 
October 18. Attendance 25. 

Ideas of Perpetual Motion, by J. F. Rinke, Student, and 

Student Enrolment in the A. I. E. E., by Prof. D. C. Jackson, Jr., 
Counselor. October 25. Attendance 15. 


University of Maine ; 


Films, “The Busy Body” and ‘‘Making of Mazda Lamps." 
Committees were elected. Refreshments were served. 
October 25. Attendance 30. 


Summer Work with the Bangor Hydro-Electric Co., by K. W. 
Pow nine Student. Films, “Ties of Steel” and “The Kat 
and the Kit.” November 8. Attendance 32. 


Massachusetts Institute of Technology 


What the Young Graduate May Expect upon His First Entrance 
inlo the Industry, by R. E. Doherty, Consulting Engr., 
General Electric Co. Two-reels on research work and 
industrial practise in the General Electric Company’s 
plants. Dinner preceded the talk. October 19. At- 
tendance 290. 

University of Minnesota 


Talks on the A. I. E. E. by Professors J. M. Bryant, Head, 
Dept. of Elec. Engg., and J. H. Kuhlmann, Counselor. 
Two reels ‘‘Queen of the Waves." Short entertainment. 
October 24. Attendance 90. 


Mississippi A. & M. College 


Electric Arc Welding, by H. F. Barksdale, Student, and 


New Low-Voltage Cutout, by L. L. Stokes, Student. October 25. 
Attendance 15. 


University of Missouri 
Business Meeting. Election of officers. 
Membership and Program Committees. 
Attendance 38. 
Montana State College 
Martin Fjeld, Chairman, reported on the Pacific Coast Conven- 
tion. Election of members of Executive Committee. 


M. Pakala elected to Engineering Council. October 18. 
Attendance 82. 


Appointment of 
September 24. 
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‘Substations Passing Out, by Stewart Gregg, Student (from A. I. 


E. E. Journat, July 1928). 

Redetermination of Values of Electrical Units, by Ronald Gary, 
Student. (From A. I. E. E. JOURNAL, August 1928). 
October 25. Attendance 74. 

Future Progress in Television, by C. Perleberg, Student (From 
paper by Hugo Gernsback in Radio News for November). 

Marvels of the Ulira Sound Waver, by E. Crumley, Student. 
i928) paper by R. E. Wailes in Science & Invention, May 


Super-Excitation of Synchronous Condensers, (From paper by 
D. M. Jones in A. I. E. E. JounNAL, May 1928). November 
1. Attendance 78. 

Radio Movies from KDKA, by Frank Brown, Student. 
Radio News, November 1928). 

The New Three-Power Locomotive, by James Woodrow, Student. 
(From General Electric Review, July 1928). 

Coal Mining with Electricity, by Matt Pakala, Student. 
ber 8. Attendance 79. 


University of Nebraska 


Talks by Lynn Anderson, John Byron, Philip Fink, Richard 
Reed and Herbert Spencer, Students, on summer employ- 
ment. October ll. Attendance 36. 

Metering, by F. C. Hush, Iowa-Nebraska Light and Power Co. 
Illustrated with various types of meters. November 1. 
Attendance 24. 


Newark College of Engineering 


New Code Laws, by G. Davis, Davis Electric Co. 
Attendance 24. 

Mercury Arc Rectifiers, by H. Becker, Student, and 

Marine Cable, by M. Slurzberg, Student. Committee of four 
students appointed to select the best student paper pre- 
sented during the year. November 5. Attendance 24. 


(From 


Novem- 


October 22. 


University of New Hampshire 


Giving a Voice to the Movies, by J. Q. Wendell, Student. (From 
the Scientific American). 
Hollow Spun Concrete, by M. S. Hodgdon, Student. October 6. 


Attendanee 22. 


College of the City of New York 
Inspection trip to Diesel Power Plant, Church E. Gates & Co. 
October 15. Attendance 35. 
Motion picture, ‘‘The Single Ridge.”’ 
Attendance 24. 


New York University 


Motion picture, “Electrical Measurements." 
October 8. Attendance 23. 

Wire Line Terminating Equipment of Transatlantic Telephony, 
by E. M. Squire, Student. Film, '"The Story of Steel." 
Oetober 22. Attendance 20. 


University of North Carolina 

The Use of the Calculating Board for Determining Short-Circutt 
Currents in Complicated Power Networks, by R. F. Stain- 
back, Instructor in Elee. Engg., University of North 
Carolina, and 

Advantages of Student Enrolment in the A. I. E. E., by Prof. 
P. H. Daggett. Committees appointed. October 19. 
Attendance 19. 

The Engineer in the Business World, by Prof. G. T. Schwenning, 
Commerce School, and 

Facts on the Duke Power Company, by J. W. Holt, Jr., Student. 
November 1. Attendance 27. 


University of North Dakota 


Commercial Distribution, by Burton Oliver, Student. Plans 
made for the Engineer’s float for Homecoming. October 
18. Attendance 16. 

Television, by George Charrier, Student. 
Busses." Election of a publicity reporter. 
Attendance 18. 


Northeastern University 


Recent Additions to the National Electrical Code, by Prof. W. L. 
Smith, Counselor. Refreshments were served. October 3. 
Attendance 18. 

Importance of Cable to the Electrical Power Industry and Im- 
portant Points in Its Manufacture, by E. W. Davis, Ass’t. 


(Three reels). November 


A. W. Schneider. 


Film, ‘‘Gas Electric 
November 1. 
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Elec. Engr., Simplex Wire and Cable Co. 
pu W. L. Smith, Counselor. October 30. Attendance 


University of Notre Dame 


Business Meeting. Branch meetings to be held second and fourth 
Mondays of every month. September 24. Attendance 63. 


Initiation of new members. Refreshments were served. Octo- 
ber8. Attendance 73. 


The Mechanical Aspects of Twin Branch—From Coal Car to 
Transmission Line, by R. E. Hieronymus, Engg. Dept., 
Twin Branch Power Plant, Mishawaka, Indiana; 


The Neon Tube and Some of Its Uses, by E. E. Moyer, Senior, and 


Personal Experiences as a Radio Operator on a Steamship, by 
E. G. Conroy, Jr. A drive to increase the local Student 
enrolment in A. I. E. E. inaugurated. Standing committee 
on the presentation of papers appointed. October 22. 
Attendance 60. 


Ohio Northern University 
Television, by H. R. Garn, Student. October 11. Attendance 31. 
Vacuum Tubes, by M. C. Wooley, Student, and 


Underground Distribution Systems, by G. D. Poole, Student. 
October 25. Attendance 28. 


Three films, ‘‘Construction of the Conowingo Project,” ‘‘Okonite 
Insulation of Wire" and “Are Welding." November 8. 
Attendance 85. 


Ohio State University 


Prof. F. C. Caldwell, Counselor, gave a short talk outlining the 
Institute's activities. October 16. Attendance 40. 


Recent Developments in the Application of Electricity to I ou. 
by G. E. Stoltz, Westinghouse Electric & Mfg. Co. W. E. 
Metzger, Chairman, Columbus Section, gave a brief talk. 
Oetober 25. Attendance 70. 


Ohio University 


Film, ''Conowingo." Membership campaign planned. October 
2. Attendance 40. 


Oklahoma A. & M. College 


Film, "Power." Possibilities of securing new members dis- 
eussed. Octoberll. Attendance 66. 


Oregon State College 


Chairman Harry Loggan gave a short report on the Pacific Coast 
Convention. Prof. F. O. McMillan, Counselor, reported on 
several activities of the Convention, and emphasized the 
desirability of having more Student Papers at the Branch 
meetings. Two meetings per month to be held. October 8. 
Attendance 31. 

Engineering Development, History, and Future Possibilities of Dr. 
Bell's Ambition to Establish Universal Telephone Service, by 
A. K. Morehouse, Transmission Engr., Pacific Telephone and 
Telegraph Co., Portland, Ore.; 

The Construction of the Prospect Plant No. 2 of the California- 
Oregon Power Co., by Larry Fisher, Senior. Slides. 

Great Northern R. R. Electrification and Construction of the 
New Eight-Mile Electrified Tunnel through the Cascade 
Mountains, by Paul Kiev., Jr., graduate student. Illus- 
trated talk. Arnold Sundstrom, Student, gave an exhibi- 
tion of ventriloquism. Refreshments. October 17. At- 
tendance 66. 


Pennsylvania State College 


Summer Experiences, by the following Students: Mr. Newquist, 
with the Bell Telephone Co.; Mr. McArthur, with the 
Pennsvlvania R. R. Co. (Altoona); Mr. Ireland, with the 
Bethlehem Steel Co., and Mr. Hallstrom, with the West- 
inghouse Electric & Mfg. Co. October 17. Attendance 57. 

Prof. C. L. Kinsloe, Head, Dept. of Elec. Engg., related his 
experiences on a trip across the American eontinent during 
the past Summer. Two students gave talks on their travels 
in Europe. November 7. Attendance 40. 


University of Pittsburgh 
Personality, by J. B. Luck, Chairman; 
Picture Transmission, by K. A. Taylor, Vice-Chairman, and 
Telephone Transmission Losses, by J. G. Hoop, Secretary-Trea- 
surer. October 19. Attendance 72. 
Princeton University 


Conowingo Transmission Line, by Prof. M. MacLaren, Counselor. 
W. V. Eakins, President, spoke briefly on the advantages of 
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enrolment in the A. I. E. E. Brief talk by Prof. Willis on 
papers for prize contest in spring. Election of officers. 
October 19. Attendance 12. 


Purdue University 

The Electrical Engineering Profession, by Prof. C. F. Harding, 
Head of the School of Elec. Engg., and 

The Work of the Institute, by Prof. A. N. Topping, Counslor. 
Refreshments were served. October 9. Attendance 120. 

Oil-Engine Locomotives with Electrical Transmission, by A. I. 
Lipetz, Consulting Engr., American Locomotive Co. and 
Non-Resident Prof. of Locomotive Engg. Slides. Joint 
meeting A. I. E. E. and A. S. M. E. October 30. Atten- 
dance 160. 


Rhode Island State College 

Inspection trip to General Electric Co. Plant at Lynn, Mass. 
October 17. Attendance 20. 

Power Development at Niagara Falls, by Arnold S. Judkins and 
Alton h. Coon, Students. Illustrated. October 24. 
Attendance 14. 

Three reels, '"The Single Ridge." October 31. Attendance 73. 

Business Meeting. November 7. Attendance 14. 


Rose Polytechnic Institute 
Starting as an Engineer and Engineering Aptitudes (from paper by 
John Mills), given by H. A. Moench, Student; 
Some Problems Confronting the Engineer of Tomorrow (from paper 
by C. S. Coler), given by R. c. Bailey, Student, and 
Does Business Want Scholars (from paper by Walter S. Gifford), 
iven SY G. P. Brosman, Student. October 19. Atten- 
ance 35. 


University of Santa Clara 


What Industry Wants in College Men, by Geo. Gabel, Student. 
Committees appointed. October 11. Attendance 22. 


University of South Carolina 


W. E. Eargle, Chairman, gave a brief review of the Regional 
Meeting held in Atlanta. The papers by Samuel Evans, 
R. S. Kersh, O. M. Carpenter, E. R. Hauser and E. M. 
Burn were reviewed, and Student Activities were discussed 
in general with special emphasis on the need of Student 
Papers. Prof. T. F. Ball, Counselor, reviewed the addresses 
given at that meeting by John B. Taylor and Sergius P. 
Grace. November 2. Attendance 26. 


University of South Dakota 


Business Meeting. Arrangement of program of talks by students 
for remainder of semester. October 22. Attendance 9. 


Stanford University 

Summer Work with the Pacific Telephone and Telegraph Company, 
by E. P. Fisher, Student. . G. Snyder, Secretary, re- 
ported on the Studént Activities at the Seventeenth Pacific 
Coast Convention. R. D. Boynton told of his experiences 
in the General Electric Company's Test Course. Chairman 
N. R. Morgan outlined the aims of the Branch for the vear. 
New bulletin board presented by 1927-1928 members 
unveiled. October 25. Attendance 29. 


University of Vermont 

The Atwater Kent Radio Company, by Glenn Aiken and Frank 
L. Sulloway, Students; 

The U. S. Army Signal Corps School at Fort Monmount, N. J., 
by Kenneth H. MaeGibbon, Students, and 

The Bell System, by Laurence G. Cowles, Secretary. October 9. 
Attendance 9. 

Virginia Military Institute 

Conowingo Project, by H. T. McFall, Student; 

Electric Railway Signals, by W. M. Wilson, Student; 

Interconnection between Southeastern States, by J. W. Young, 
Student; 

Transatlantic Telephony, by W. H. MeClanhan, Student, and 

Sterlington Power Project, by H. C. Couch, Student. October 8. 
Attendance 39. 

University of Virginia 

Prof. W. S. Rodman, Counselor, gave a talk on Branch constitu- 
tions and explained advantages of Student enrolment. 
T wo reels, “White Coal," followed by refreshments. Joint 
meeting with Student Branch, A. S. M. E., for the motivu 
pictures and refreshments. October 8. Attendance 40. 


Dec. 1928 


Washington University 
Business Meeting. October 9. Attendance 35. 
Aviation Instruments, by N. O. Anderson, Student, and a member 
of the Naval Reserve. October 23. Attendance 25. 
Some Recent Developments in the Telephone Industry, by W. O 
Pennell, Chief Engr., Southwestern Bell Telephone Co. 
Slides. November 6. Attendance 25. 


University of Washington 
The Aims and Activities of the A. I. E. E., by G. E. Quinan, 
Vice-President, North West District, A. I. E. E. G. L. 
Hoard, Counselor, gave a brief talk. October 12. At- 
tendance 29. 
The Electrolytic Refining o 
Ernest D. Engel electe 


Zinc, by George Zeh, Student. 
Junior Representative on Executive 


Committee. October 19. Attendance 26. 
The Skagit River Project, by C. W. Howard, Student. October 
26. Attendance 20. 
West Virginia University 
First Aid to the Injured, by G. W. Pride, Student; Economic 


Transmission of Electrical Power, by W. H. Unger, Student; 
Radio Television, by W. H. Ross, Student; Rebuilding 
HAM Arresters, by R. O. Boone, Student; Electric 

Welding, by J. I. Steele, Student; Industrial Motor A pplica- 
tions, by 6. R. Allen, ‘Student, ‘and The Brightness of the 
New Incandescent Lamp, by J.S. Merritt, Student. 
22. Attendance 3l. 

Conowingo Development, by J. K. Gwinn, Student; The Vacuum 
Tube, by J. E. Winter, Student; The Use of Carbon Brushes 
in Electric Railway Service, by G. H. Hollis, Student; The 
Correct Way to Make Splices in Electric Conductors, by 


Oetober 


DMNA DTTTTTTTTTTTITUHTT TITTTTTEETTE LITT TELTITTTETEETTTLITTTELEITLTTTTTITLLTTETTTLELETTTTEPTTLETECETETETELTTTTTLELTTLETTEITTTTTLETTERTTTETUTITTTTTTTTTETTTTTTTTTTITTTTTTTTITTTT EEETTTTTTLTTETTTETTTTLTITLLELETTETTEETTTTTTTTTTTTTTTTTTETTTETTTITTTTTTTTTTTTTTT TTTTTTLETTETTITTTTTTTTTTTETTTTTETTTTTETTT TTL TTL TEITTTTTTTTTTETTELETITTTTETTTTTTLITTETTLTT TTTTTTTITTTT TIT TETTTTETTET LITTTTLTTTITTTLTTLITLEEELTTELETTLLLTTLELLLLLLLLEAS 


Engineering Societies Library 


CTTTTTTTTTTTTITTTITL IT TET TIT TT IT ELE ETITTTTTTTTTTT T LTTTYTT TT FTT LTIT ETTLP TIT TIT TTTTT ETT ETTTTT TETTE IT ITETYTTTITITETTTT TTTTTITYTTT ETT TTTTTTT TT TTTTTTTCELTTTETT ETE TTTTETTTTTTTTITITTTTT LIT LLTTETTTTTTCT ELIT TE LTETEELLTELETETTTLTLLL CHE LETTLETCTTTTTTETTETETTTTTTITUTT ET ETTTTUTTETTTTETETTTTTTTTTLETTTTTETTLITTELELTTTELEELECEETE TTL LETELTTTELEUTT TEOTTTELEELETTLEELHETCTTTTTECITETETTTELTELTITELLLETETTLTLOTTTLETVTLLLELLLLLECETELLELLLEELLLLLLLLLEM 


CE 


a 


INSTITUTE AND RELATED ACTIVITIES 


933 


Ivan Vannoy, Student; The Chelan River Electro Project, 
by F. D. McGinnis and C. W. Thrall, Students; The World's 
Largest Electric Lamp, by G. C. Barnes, Student; S peed in 
Street Railway Service, by G. I. Burner, Student, and Radio 
Acousite Position Findings, by F. H. Backus, Student. 
October 29. Attendance 29. 


Problems of Interconnecting Electrical Power Systems, by T. R. 
Cooper, Student; Bimetal: The Temperature Sentinel, by 
R. H. Pell, Student; The Pittsburgh Transformer Works, by 
M. S. Diaz, Student; A Long Span in the Transmission Line 
over the Cheat River, by M. P. Hooker. Student, and Manu- 
facture of Radio Vacuum Tubes, by W.S. McDaniel. Novem- 
bero. Attendance 29. 


University of Wisconsin 


Prof. C. M. Jansky, Counselor, gave a talk on the aims and ideals 
of the Student Branches of the A. I. E. E. and the advantages 
of Student enrolment. Chairman Odbert outlined program 
for the year. Prof. J. R. Price gave & brief report on the 
Western inspeetion trip. Prof. Edward Bennett, Head, 
Dept. of Elee. Engg., gave & report on the Eastern trip. 
October 16. Attendance 50. 

Banquet, joint with Madison Section, A. I. E. E. (Detailed 
report in Seetion Activities department of this issue). 
October 23. Attendance 110. 


Worcester Polytechnic Institute 
My Experiences with the New York Telephone Company, by E.G. 
Norton, Senior; 
Gas Distribution, by A. W. Knight, Senior, and 
The Bell Telephone Laboratories, by R. A. Beth, Instructor in 
Physies. Oetober22. Attendance 40. 


EETTTILTTITITIITTTTLITHTITTLITITITRR 


The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in its field. 
ninth St., New York. 


It 1s administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 
It is housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library ts 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what 1s desired. 


The library 1s open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 5 p. m. 


BOOK NOTICES OCT. 1-31 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume responsi- 
bility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be eonsulted in the Engineering Societies 
Library. 

AIDE-MEMOIRE DE L'INGENIEUR MECANICIEN. 

By J. Izart. 5th edition. Paris, Dunod, 1928. 

diagrs., tables, 8x 5in.,eloth. 95 fr. 


A “pocket-book” of mechanical engineering, covering the 
same field as our well-known American works, but presenting 
French practise. The popularity of the book is shown by the 
frequency with which new editions have been required. 

The present edition has been completely revised and reset. 
It eontains many tables and formulas of value to engineers 
compelled to use metrie measurements in machine design. 


Die AUSBREITUNG DER ELEKTROMAGNETISCHEN WELLEN. 
By Alfred Sacklowski. Ber., Weidmannsche Buchhandlung, 
1928. 129 pp.,9 x 6in., paper. 4,50r. m. 


In 1888 Hertz published his elassie paper on the propagation 
of eleetrie power, but it was not until 1905, when radio-telegraphy 


1263 pp., 


was already becoming important, that Tissot, and Duddell and 
Taylor undertook to test the theory by measuring fields. Since 
that date interest in the propagation of eleetrie waves around the 
earth has inereased so rapidly that many papers have appeared, 
scattered through many periodicals. 

Dr. Sacklowski has now prepared a summary of this literature 
in convenient form, giving in brief compass a connected account 
of our present knowledge. A valuable bibliography of nearly 
500 papers is given. 


BEHANDLUNG VON SCHWINGUNGSAUFGABEN Mit KoMPLEXEN 
AMPLITUDEN UND MIT VEKTOREN. 
By Hans Georg Moller. Lpz., S. Hirzel, 
illus., 9 x 6 in., paper. 6.-r. m. 


The method presented in this book differs from that ordinarily 
taught to students of electrical engineering and physics, and 
is much simpler in its application to calculations involving 
electric waves and light waves. The text is based upon Dr. 
Moller’s courses at Hamburg and Charlottenburg, and is written 
so that it can be used by engineers with only ordinary training 
in mathematics. 

The theoretical principles of the method are described con- 
cisely. About two-thirds of the book are occupied by examples 
showing the application of the method to practical problems in 
electrical engineering. 


1928. 128 pp., 


934 


Diz BESTIMMUNG DER DAUERFESTIGKEIT DER KNETBAREN, 
VEREDELBAREN LEICHTMETALLEGIERUNGEN. 

By Richard Wagner. (Bericht aus dem Institut far Mechan- 
ische Technologie und Materialkunde der Technischen Hoch- 
schule zu Berlin. Heft 1). Berlin, Julius Springer, 1928. 64 
pp., illus., diagrs., tables, 9 x 6 in., paper. 6.-r. m. 

Deseribes & series of extensive tests of duralumin, electron, 
lautal, and other light alloys, undertaken to determine their 
durability when exposed to repeated shock and vibration. The 
results are given in detail. The conclusions drawn will be of 


interest to designers of automobiles, aircraft, and other structures 
in which light alloys are used for structural members. 


BLvE Book or Facts or MARINE ENGINEERING. 
N. Y., Ocean Publishing Co., 1928. 
cloth. $3.00. 


This little catechism contains questions and answers for 
engineers preparing for marine engineers’ licenses of every grade. 


THe Carear Mountain Coa, FIELD or RANDOLPH COUNTY, 
W. Va. 
By David B. Reger. 
Bulletin 3). 
Paper, $1.00. 


This Bulletin describes an entirely new field of New River 
Coal in eastern West Virginia, including location, topography, 
transportation, geology and rock structure, with table of inter- 
vals above and below the Sewell Coal, history of discovery of 
field, and a brief description of the coals, including estimates of 
tonnage for the Upper Freeport, Gilbert, Castle, Hughes Ferry, 
Sewell, and Fire Creek Coals; it also includes the detailed 
records of 16 core tests by the W. Va. Pulp & Paper Co.; a table 
showing the elevation and thickness of the coal at 140 mines and 
prospect openings shown on map; another showing analysis of 
24 samples including 15 tests of fusing point of ash. 

(Address: West Virginia Geological Survey, P. O. Box 879, 
Morgantown, W. Va.) 


CorLECTED Wonks OF J. WILLARD GIBBS. 
N. Y., Longmans, Green & Co., 1928. 2 v., port., tables, 
9x6in.,cloth. $6.00 (2 v.) 


Willard Gibbs is rated, by competent critics, as the greatest 
genius America has produced. His writings on thermodynamics, 
after long neglect, became the foundation of physical chemistry 
and established his position as one of the greatest physicists 
of all time. 

As his writings have been out of print for some years, this new 
edition will be welcome to many physicists and chemists who 
wish to study his work at first hand. The collection is complete 
and includes the “Elementary principles in statistical mechanics,” 
which was omitted in the former edition. A biographical 
sketch is also included. 

COMPOSITION OF WATER. 

By J. R. Partington, Lond., G. Bell & Sons, 1928. (Classics 
of Scientific Method). 106 pp., illus., 7x 5 in., paper. 1/6. 

The series to which this volume belongs aims to provide 
inexpensive reproductions of the great masterpieces of science 
in convenient form, with an account of the action and reaction 
of ideas which led up to the crucial experiments carried out and 
described by some great master. 

In the volume on water Dr. Partington traces, chiefly in the 
words of the discoverers themselves, the experimental investi- 
gations that led to our present very exact knowledge of its 
composition. The researches of Cavendish, Lavoisier's work, 
Priestley’s and Mouge's work, and the investigations of later 
workers, down to recent times, are given. 

Cours DE MEcANIQUE ProFessE A L'ECOLE SUPERIEURE DES 
MINES. 

By Paul Levy. Paris, Gauthier-Villars et Cie, 1928. 303 
pp., diagrs.,10 x 6in., paper. 50fr. 

Professor Levy here presents his course at the “Ecole Supér- 
ieure des Mines." The text is adapted, in length and presenta- 
tion, to the ordinary needs of engineering students. It is based 
on classic works written from the analytical point of view but 
gives more than the usual attention to mechanical and geometri- 
cal considerations. 

Cours D'EXPLOITATION DES MINES, v. 1. 

By Haton de la Goupilliére. 4th edition. Paris, Dunod, 

1928. 1216 pp., illus., tables, 10 x 7 in., paper. 189 fr. 


This treatise on mining is too well known to need an intro- 
duction. First published in 1885, it at once became a favorite 


Ed. 6. 
135 pp. 6x4 in., 


(West Virginia Geological Survey, 
Morgantown, W. Va., 1928. 34 pp., tables, map. 
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work, and successive editions have maintained its popularity. 
Volume one of the fourth edition has now been printed, and 
three other volumes will appear later. 

This new edition has been revised and so considerably extended 
by J. de Bere that an additional volume is necessary. The 
revision has eliminated obsolete matter and brought the text 
abreast of current practise. 

COURSE IN ELECTRICAL ENGINEERING, v 2; Alternating Currents. 

By Chester L. Dawes. Ed. 2, N. Y., McGraw-Hill Book Co., 
1928. 618 pp., illus., diagrs., 8 x 6 in., cloth. $4.00. 

Although this book was prepared for semi-elementary courses 
in alternating currents, such as are given to non-electrical 
students of engineering, it has won wide acceptance as a text 
for courses in electrical engineering. This widened field of use, 
as well as the changes an progress of the last six years, have 
been taken into account in the revision of the work. A chapter 
on complex quantities has been added, and their application to 
polyphase systems is presented. A new chapter discusses the 
principles and simplex uses of electron tubes. Throughout the 
book late developments in a-c. apparatus and methods have been 
included. The book is an excellent introductory text, preparing 
the student for more advanced works. 


ENGINEERING EpvucatTion; Essays for English. 
Selected and edited by Ray Palmer Baker. 2d edition. 
N. Y., John Wiley & Sons, 1928. 233 pp.,8x 5in.,cloth. $2.00. 


This collection of essays by noted engineers and scientists 
discusses the origins and types of engineering education and the 
place in engineering of the basic sciences. The book is intended 
primarily to provide students of engineering with good models 
of exposition, as part of their training in language. At the same 
time, the collection presents an ideal of education which will not 
only be of value to the student, but will also be of interest to all 
who are interested in the trend of present thought upon this topic. 


ENGINES. 
By E. N. Da C. Andrade. N.Y., Harcourt, Brace & Co., 1928. 
267 pp., illus., 8x 6in., cloth. $3.00. 


An interesting description of the chief kinds of engines by 
which the heat of burning fuel is turned into work, and of the 
scientific principles upon which their action depends. The 
book is based upon the author’s Christmas Lectures at the Royal 
Institution of Great Britain; hence is intended for readers 
without scientific knowledge. The author writes in interesting 
fashion, yet with scientific accuracy. The illustrations are 
unusually good. 

Die ENTrROPIE-DIAGRAMME DER VERBRENNUNGSMOTOREN. 

By P. Ostertag. 2d edition. Berlin, Julius Springer, 1928. 
78 pp., diagrs., tables, 9 x 6 in., paper. 4,50 r. m. 

The new edition of this work on the entropy diagrams of 
internal combustion engines shows no fundamental changes, 
but the text has been revised and extended wherever neeessary. 

The basic conceptions on the behavior of gas mixtures and on 
combustion set forth in part one are used, in part two, to show 
how the behavior under various conditions of piston gas engines 
may be predetermined. The use of the gas entropy table in 
design is shown. 

The third section discusses the design of gas turbines, with 
particular attention to the author’s solution of this problem. 
The last section treats of some special problems. 


Die ENTWICKLUNG DES DEUTSCHEN BERGBAUES. 

By A.Schwemann. Ber., V. D. I. Verlag, 1928. (Deutsches 
Museum Abhandlungen und Berichte). 20 pp., illus., 8x6 
in., paper. ]l.-r. m. - 

A popularly written sketch of the development of mining in 
Germany from the earliest times to the present. The pamphiet 
is intended especially for visitors to the mining exhibit in the 
Deutsches Museum and is illustrated by photographs of some 
of the important exhibits. 


Das FoRDERHOHENVERHALTNIS DER KREISELPUMPEN FUR DIE 
IDEALE UND WIRKLICHE FLUSSIGKEIT. 

By Wilhelm Schulz. (Forschungsarbeiten, heft 307). V.D.I 
Verlag, 1928. 28 pp., diagrs., tables, 11 x 9 in., paper. 5.-r. m. 

In the first portion of this research the author investigates 
mathematieally the flow of an ideal fluid in radial-discharge 
centrifugal pumps. The theoretical delivery and the conditions 
of delivery are calculated, and numerical values are found for all 
possible combinations of number of blades, blade angle and wheel 
proportions. These theoretical results are then compared with 
those obtained from a commercial pump in which various num- 
bers of blades and various blade angles could be obtained. 
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New data were obtained upon maximum efficiency, special 
throttle-head curves, favorable numbers of blades and deliveries, 
cavitation and other properties. The actual and theoretical 
results are compared and methods of approximation studied 
critically. 
FRACHTVERHALTNISSE UND FRACHTLAGE DER AMERIKANISCHEN 
EISENINDUSTRIE. 

By Fritz von Haniel. Berlin, V. D. I. Verlag. 
diagrs., 8x 6 in., paper. 4.-r. m. 

An economic study of transportation conditions in the Ameri- 
can iron industry, based on first hand study. Shipping facilities, 


tariffs, and other matters affecting freight rates for ore, coal, and 
finished products are discussed. 


1928. 62 pp., 


GRUNDPLAN DER WISSENSCHAFTLICHEN BETRIEBSFUHRUNG IM 
BERGBAU. 
By Kurt Sieben. Berlin, V. D. I. Verlag, 1928. 
diagrs., forms, 8x 6in., paper. 10,50 r. m. 


Attempts to present the outlines of a plan for the scientifi- 
management of mining operations. The author has not ate 
tempted to present a system in complete detail, but rather to 
call attention to the principles involved, and to suggest ways in 
which they can be effectively applied in mines. 


148 pp., 


HERBERT Hoover; a reminiscent biography. 
By Will Irwin. N. Y., Century Co., 1928. 315 pp., illus., 
ports., 8x 5 in., cloth. $3.00. 


This biography by a college mate and lifelong friend gives an 
accurate, if eulogistie account of Hoover's life and work. The 
story is told in interesting fashion, with emphasis upon the 
adventures of Hoover’s career. 


JAHRBUCH DER BRENNKRAFTTECHNISCHEN GESELLSCHAFT, V. 8, 
1927. 

Halle (Saale), Wilhelm Knapp, 1928. 50 pp., illus., 11x 8 
in., paper. 4,60 r. m. 


This yearbook contains the proceedings of the tenth annual 
meeting of the Society and the four papers presented at that 
time. These are: "International petroleum polities,” by Dr. 
Tetsche; ‘Transportation fuels, their provision and the economic 
importance of increased pressure in the engine," by W. Ostwald; 
“Air traffic and its demands upon the fuel supply," by H. von 
Williamowitz-Moellendorff; and the ''Position of the German 
eoal industry upon the supply of fuels for transportation," by 
Dr. Faber. 


LEHRBUCH DER PHYSIKALISCHEN CHEMIE, v. 2, pt. 3. 

By Karl Jellinek. 2d edition. Stuttgart, Ferdinand Enke, 1928. 
Illus., diagrs., tables, 10 x 7 in., paper. 32.-mk. v.2 complete, 
unbound. 88.-mk.; bound 92.-mk. 


This work will undoubtedly remain for years one of the most 
important treatises on physical chemistry. Dr. Jellinek discusses 
the subject theoretically, as well as experimentally, in a clear, 
readable style, with a wealth of detail. Many illustrations 
accompany the text and there is a wealth of references to the 
literature. The book is useful both as a textbook for advanced 
students, and as a reference work. 


LupwiGc FRANZIUS. 

By G. de Thierry. Ber., V. D. I. Verlag, 1928. 
Museum Abhandlungen und Berichte). 
paper. l.-r.m. 


A brief biography and appreciation of the noted hydraulic 
engineer, based upon his autobiography. The brochure is 
one of a series issued by the Verein Deutscher Ingenieure and 
the Deutsches Museum, to illustrate the development of special 
branches of engineering through the labors of pioneer workers. 


(Deutsches 
33 pp., port., 8x 6 in., 


MaRINE DiEsEL Oir ENaiNEs; a manual of marine oil engine 
practice. 
By J. W.M. Sothern. Ed. 3. Lond., Crosby Lockwood & Son, 
1928. 949 pp., illus., plates, diagrs.,9x 6 in., cloth. 45s. 


A practical treatise on the principles, construction and running 
of these engines. The work is designed as a text-book for engi- 
neers preparing for the British Board of Trade examinations 
for licenses and treats the subject in great detail, although 
elementary in character. Much space is given to the details 
of the various makes of engines and to practical operation, 
repair and maintenance. 


INSTITUTE AND RELATED ACTIVITIES 
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MATERIALPRUFUNG MIT RONTGENSTRAHLEN. 

By Richard Glocker. Berlin, Julius Springer, 1927. 
pp., illus., tables, 9 x 6in., cloth. 31,50r. m. 

Intended as a general introductory text which will provide 
the beginner with enough knowledge to enable him to test mate- 
rials in this way. The book opens with a brief accoun of thet 
physical principles involved, but the greater part of the book 
is devoted to methods, which are illustrated by practical exam- 
ples. A large number of useful tables are’ included and there 
is a useful bibliography. 

METHODEN DER PRAKTISCHEN ANALYSIS. 

By Fr. A. Willers. Ber. u. Lpz., Walter de Gruyter & Co., 
1928. 344 pp., diagrs., tables, 9 x 6 in., paper. 20.-r. m. 

An introduction to the methods of practical analysis, including 
numerical, graphic, and instrumental methods. Special atten- 
tion is paid to the accuracy obtainable by the various methods. 


Numerous examples show the practical application of the 
methods. 
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Orr ENGINE Power PLANT HANDBOOK. 
Edited by Julius Kuttner. Ed. 4. N. Y., National Trade 
Journals, Ince., 1928. 288 pp., illus., 11 x 8 in., cloth. $5.00. 


The Handbook contains a number of articles by various 
experts upon practical problems éonnected with oil and Diesel 
engine plants. Operation and maintenance, efficiency standards, 
electrical layouts for central stations, switchgear, piston ring 
action, cooling water systems, lubricants, exhaust heat edid 
and other live topics are discussed in a practical manner. In 
addition, the Handbook contains descriptive data, prepared by 
the manufacturer, upon most of the oil engines produced and 
sold in this country. 


PRACTICAL INDUSTRIAL FURNACE DESIGN. 
By Matthew H. Mawhinney. N. Y., John Wiley & Sons, 
1928. 318 pp., illus., diagrs., tables, 9 x 6 in., cloth. $4.00. 


A discussion of practical methods for solving the problems 
and difficulties most frequently met in selecting, designing, and 
operating industrial heating furnaces as distinguished from 
melting furnaces. The methods presented have been used 
successfully by the author and are presented as a contribution 
to a subject that is not as yet thoroughly understood. 

Among the topies are the selection of fuels, the application of 
the heat, methods of handling material, heat economy, the design 
of refractories and metal parts of furnaces and temperature 
measurement and control. 


RESISTANCE DES FoNps BOMBES. 
By E. Hoehn. Paris, Ch. Béranger, 1928. 86 pp., diagrs., 
tables, 9 x 6 in., paper. 20fr. 


The increasing frequeney of failures of the dished heads of 
cylindrical pressure vessels led the Swiss Society of Steam 
Boiler Proprietors to inaugurate investigations of the matter 
some years ago. In 1923 a report on the strength of electrically 
welded vessels was printed, which is now followed by this furth er 
contribution. 

This pamphlet discusses theoretically the theoretical aspects 
of the strength of dished heads in pressure vessels, describes the 
eee ee by the author and gives the conclusions derived from 
the work. 


Dik TECHNIK ELEKTRISCHER MESSGERATE, v. 1. 
By Georg Keinath. 3rd edition. Munchen & Berlin, R. 
Oldenbourg, 1928. 612 pp., illus., 10 x 7 in., cloth. 35.-r. m. 


This work is intended as a reference book for the engineer who 
must use electrical measuring instruments. It aims to present 
the useful information without many formulas but with enough 
description of the various types and designs and of their fields 
of usefulness, to assist in the selection and use of suitable equip- 
ment. Electric meters and pyrometers are omitted, as well as 
instruments intended especially for laboratory use. 

The book is expanded to two volumes in this edition. "The 
first volume diseusses the general properties of these instruments, 
the materials of eonstruetion, the various instruments on the 
market and their accessories. 


TIMBERING OF METALLIFEROUS MINES. 
By J. F. Downey. Lond., Charles Griffin & Co., 1928. 258 
pp., illus., 9 x 6 in., cloth. 25s. 


This treatise by the New Zealand Government Inspector of 
Mines is intended to provide the practical miner with a reason- 
ably comprehensive handbook on mine timbering. The author 
has collated the information scattered through mining literature, 
and has filled the gaps and supplemented the information by 
drawing upon his own experience, so that the book covers in a 
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practical way the methods of which knowledge is essential to 
the miner. 


UBER DIE SCHMIERSCHICHT IN GLEITLAGERN UND IHRE MEs- 


SUNG DURCH INTERFERENZ. 


By Robert Wolff. 
M D. I. Verlag, 1928. 25 pp., diagrs., tables, 12 x 9 in., paper. 
T. m. 


Presents the results of investigations earried out in the bear- 
ings laboratory of the German railways upon conditions in 
heavily loaded bearings. The author describes a new method of 
measuring oil films which is particularly accurate for bearings 
of this kind and presents some conclusions drawn from measure- 
ments made by it. Among other results, he shows that viseosity 
is entirely unreliable as an indieation of lubrieating value, and 
that the classic hydrodynamie ideas concerning the thickness 
of oil films are inadequate for thin films. 


Diz VERWENDBARKEIT DER RONTGENVERFAHREN 
' TECHNIK. 


By C. Kantner and A. Herr. Ber., V. D. I. Verlag, 1928. 
77 pp., illus., 8x 6 in., paper. 4,50r. m. 

The increasing use of X-rays in testing materials is the cause 
of this little book, whieh is intended for those interested in 
inspection who are not versed jn X-ray photography. 

The treatment is entirely practical. The authors point out 
the fields in which the method has been found useful and de- 
scribe the apparatus used. Directions for equipping a laboratory 
are given, and there is a brief bibliography. 

WARME-UND KALTEVERLUSTE ISOLIERTER ROHRLEITUNGEN 
UND WANDE. 


By Grunzweig and Hartmann, G. M. B. H. Ludwigshafen a: 


IN DER 


Rhein. Berlin, Julius Springer, 1928. 269 pp. 9x6 in, 
fabrikoid. 16.-r. m. 


INSTITUTE AND RELATED ACTIVITIES 


(Forschungsarbeiten, heft 308) Berlin, 
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This collection of tables has been prepared by a manufactory 
of heat-insulating materials for use in its own work. The 
tables show in detail the hourly loss of heat or cold from pipes 
and chambers, the effect of wind, and give other useful data. 
They are calculated for all ordinary commercial sizes of pipe 
and for temperatures from — 40 cent. to 1000 cent. and can be 
used for pipes with any or no insulation. 


WIRKUNGSWEISE ELEKTRISCHER MASCHINEN. 
By Milan Widmar. Berlin, Julius Springer, 1928. 223 pp., 
diagrs., 9x6 in., paper. 12.-r. m. 


Dr. Vidmar's work is written to meet the needs of students 
who need a concise survey of the theory of electrical machines, 
and of electrical engineers who need to know what oceurs in 
electrical machines, although not engaged in their design or 
construction. For these readers he presents the theory with 
emphasis upon the physical picture of the machine at work and 
without attention to design or structural details. 

Starting with the point of view that there is actually only one 
electrical machine, Dr. Vidmar discusses first its simplest 
form, the transformer. He then discusses successively mechani- 
cal transformation, synchronous machines, asynchronous ma- 
chines and collector machines. 


ZvR THEORIE DES FERNSPRECHVERKEHRS. 


By K. Frei. Berlin, Weidmannsche Buchhandlung, 1927. 
138 pp.,9x6in., paper. 4,50 r. m. 


. This introduction to the theory of telephone traffic is intended 
primarily for those who are somewhat distrustful of it, because 
it is so completely based on probabilities. It aims to explain 
the theory and show its main conclusions sufficiently to prepare 
the reader for a complete understanding of current writings on 
the subject, and to enable him to pass judgment on the results. 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 


ing with the Western Society of Engineers. 


The service 1s available only to their membership, and is matntained as a 


cooperative bureau by contributions from the societies and their individual members who are directly benefited. 
Offices: —31 West 39th St., New York, N. Y..—W. V. Brown, Manager. | 
1216 Engineering Bldg., 205 W. Wacker Drive, Chicago, Ill., A. K. Krauser, Manager. 
57 Post St., San Francisco, Calif., N. D. Cook, Manager. 
MEN AVAILABLE.— Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 


Names and records will remain 1n the active files of the bureau for a 
period of three months and are renewable upon request. 


Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 15th day 


of the month. 


OPPORTUNITIES.—4A Bulletin of engineering positions available is published weekly and is available to 


members of the Societies concerned at a subscription of $3 per quarter, or $10 per annum, payable in advance. 


Posi- 


tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 
VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 

invited lo cooperate with the Societies in the financing of the work by contributions made within thirty days after 

placement, on the basis of one and one-half per cent of the first year’s salary: temporary positions (of one month or less) 


three per cent of total salary received. 


The income contribuled by the members, together with the finances appropriated 


by the four societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service. 
-REPLIES TO ANNOUNCEMENTS .—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 


to the Employment Service as above. 
filled will not be forwarded. 


Replies received by the bureau after the positions to which they refer have been 
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MEN AVAILABLE 

GRADUATE ELECTRICAL ENGINEER, 
24, married, B. S. in E. E.,1927. Desires position 
with public utility or industrial concern. One 
year's experience ín power plant work. Now 
employed; available at reasonable notice. Loca- 
tion preferred, East. C-5179. 

GRADUATE ELECTRICAL AND ME- 
CHANICAL ENGINEER, 25, married. 5 years’ 
experience as plant engineer and designer, con- 
struction and operation of power plants. Desires 
a position with a public utility or manufacturing 
concern. Location and salary secondary to 
opportunity. C-5183. 

GRADUATE ENGINEER, 24, single, B. S. 
in E. E, State College of Washington, 1928, 
desires employ ment with manufacturing or public 
utility in application, design, or manufacturing 
fields. Location, immaterial. C-5115. 

GRADUATE ELECTRICAL ENGINEER, 
28, single; 214 years’ experience in General Elec- 


tric Student Engineering Department: 6 months 
with public utilities. Desires connection with 
public utility or manufacturing concern. Also 
willing to accept a position in Europe or South 
America. C-3762. 


JUNIOR ELECTRICAL ENGINEER, S B., 
1927. One year shop course in industrial plant 
(three months layout and machining, three months 
fabricating, including electric and oxy-acetylene 
welding; six months test of Diesel-electric instal- 
lations). Wishes to change to a growing company 
where there will be opportunity for advancement. 
C-5165. 


GRADUATE ELECTRICAL ENGINEER, 
29, married. One year G. E. Test Course. One year 
as instructor in electrical engineering. Five year's 
diversified electric utility experience as switch- 
board operator, maintenance man, test engineer 
and assistant electrical engineer on substation 
construction. C-5186. 


ELECTRICAL-MECHANICAL 
NEER, 31, married, desires responsible position 
with industrial or public utility. Four years 
electrical maintenance, steel mills; one year 
G. E. Test; two and a half years designing drafts- 
man, public utility; one-half year electrical 
instructor, trade school and one year assistant 
electrical engineer, industrial operating own 
hydro plants. Location, immaterial. C-2902. 

RECENT GRADUATE, S. B. in E. E. 
M. I. T., 1927, 22. single, desires position in 
commercial field. One year’s experience as 
instructor in large Western University. Can 
furnish excellent references. Location preferred, 
East. QC-3550. 

ELECTRICAL ENGINEER, 28, graduate 
1924, good personality. four years’ experience as 
follows: two years electric lighting and power lay- 
out for factories and buildings: two years electric 
traction work, layout, estimating and construc 
tion of overhead and underground feeders. Good 
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draftsman, able to handle men. Location pre- 
ferred, New York or vicinity. B-6384. 

GRADUATE ELECTRICAL ENGINEER, 
single, 26. One year on Westinghouse Student 
Course. Three years’ experience in general 
electrical engineering work, miscellaneous applica 
tions. Would like position in office of consulting 
engineer or as assistant to electrical engineer of 
large industrial plant or group of plants. Location 
preferred, East or Middle West.  C-5207. 

GENERAL OR WORKS MANAGER. At 
present holding position as works manager in 
plant employing three hundred hands manu- 
facturing electrical power apparatus; alternating- 
and direct-current inotors and generators, trans- 
formers, switchboards, control apparatus. Ameri- 
can, healthy, active and qualified by education, 
experience and ability to discharge the duties of 
general manager. Location, immaterial. C-4206. 

POWER AND WORKS ENGINEER, with 15 
years’ experience in large industrial plants, desires 
location in Southern territory. Wide experience 
in all classes of industrial plant power and engi- 
neering work including design, construction of 
generating, refrigeration plants. Familiar with 
rayon and other chemical plant equipment, 
processes. University graduate, married, settled. 
Possesses initiative. analytical powers. B-5326. 

ELECTRICAL ENGINEER desires position 
doing research or development work. ‘Thoroughly 
trained and competent meter engineer.  Expe- 
rienced in combustion and general laboratory and 
power plant testing. Have been successful along 
development lines. Also, extensive public utility 
experience. C-5258. 

ELECTRICAL ENGINEER, 1923 graduate, 
twoyears' experience in abstracting and translating 
technical articles and three years of research work 
on electric interference. Familiar with audio- 
frequency measurements. Analytically inclined. 
Good references. B-7091. 

ELECTRICAL ENGINEER, married, 30, 
best of references. Seven years’ distribution and 
operating experience desires connection as dis- 
tribution or plant engineer with operating com- 
pany in south or southwest. C-4734. 

GRADUATE ELECTRICAL ENGINEER, 
30, married. One and one-half years telephone 
engineering. Four years with general contractor 
on building construction. Can handle men. 
Desires responsible position with future. C-5298. 

ELECTRICAL ENGINEER, 29, married. 
Wide experience in the design, construction and 
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APPLICATIONS FOR TRANSFER 


At its meeting held November 8, 1928, the 
Board of Examiners recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the National Secretary. 


To Grade of Fellow 


KURTZ, EDWIN. Prof. and Head Elec. Engg. 
Dept. and Acting Dean of Engg. School, 
Oklahoma A. & M. College, Stillwater, Okla. 

NELSON, ARTHUR LINDSAY, Partner in 
firm of Jackson & Moreland, Boston, Mass 


To Grade of Member 


ANDERSON, BURTON E., Electrical Engineer, 
Guayama, Porto Rico. 

BLYE, PAUL W., Engineer, American Tel. & 
Tel. Co., New York. N. Y. 

BOISEN, ROBERT L., Electrical Engineer, 
Lake Superior Dist. Pr. Co. and Michigan 
Gas & Elec. Co , Ashland, Wis. 

BROOME, GEORGE W.,.Asst. Engr., Columbia 
Engg. and Mgt. Corp., Cincinnati, Ohio. 
BURNAP, ROBERT S., Engineer in charge of 
Testing Section, Edison Lamp Works of 

General Elec. Co., Harrison, N. J. 


INSTITUTE AND RELATED ACTIVITIES 


operation of power stations and substations. 
Successful record in development of economic 
designs and in handling engineering organization. 
B-7809. 

MECHANICAL ENGINEER, 28, single, 
graduate Polytechnic of Milan (Italy); also 
American college education, 5 years' experience 
in U. 8. A. in electrical testing, drafting, etc. 
Reasonable salary. Available immediately. 
Location, New York City. C-4246. 

ELECTRICAL ENGINEER, 23, singlo. 
Graduate E. E. 1926, desires a position with a 
power company; 144 years General Electric 
Test; some drafting experience. Location pre- 
ferred, California, C-5259-89-C-S. 

PLANT ENGINEER; graduate Massachu- 
setts Institute of Technology, American descent. 
Over 20 years’ experience in design, construc- 
tion, maintenance of factory buildings, power 
plants, etc. Have reorganized non-productive 
departments with large savings and reconstructed 
buildings with stopping operation. Registered 
Mechanical Engineer, New Jersey, Pennsylvania. 
Excellent references. Available at once. B-5714. 

ELECTRICAL ENGINEER, German, I. C. S. 
graduate, 38, married, American citizen, desires 
position with electrical concern; expects to work 
up. Rochester, N. Y. or vicinity preferred. 
Available on two weeks’ notice. C-5264. 

RECENT GRADUATE, B. S. in E. E., 25, 
single, desires position where knowledge of radio 
will be of value. Now employed by State High- 
way Department, but available on short notice. 
Can furnish excellent references as to character 
and ability. Location preferred, South or 
Middlewest | C-5265. 

ENGINEER, 41, married. is open for position 
as estimating. production or sales engineer, having 
20 years' experience with leading manufacturer, 
with thorough knowledge of modern factory 
methods, and thoroughly familiar with office and 
factory systematizing. Would go to any part 
of the United States or to European countries 
C-5231. 

SALES EXECUTIVE. 410, graduate electrical 
engineer with commercial school training, West- 
inghouse apprenticeship. eight years factory 
and construction experience. nine years very 
successful sales and executive experience in 
mechanical and electrical lines. Pleasing person- 
ality, good organizer, able to handle men. Ex- 
tensively traveled, well read. speaks Spanish 
and French. B-3065. 
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CALKINS, GEORGE H. 
Elec. Co., Buffalo, N. Y. 

CORRELL, JAMES A., Prof. of Elec. Engg.. 
University of Texas, Austin, Texas. 

DODSON, RALPH E., Accoustical and Insula- 
tion Engineer, Cincinnati, Ohio. 

FLAHERTY, BENJAMIN G.. Elec. Ener., 
Puget Sound Bridge & Dredging Co., 
Seattle, Wash. s 

FLEISCHMANN, EDWIN, Industrial Heating 
Engr., Niagara Falls Power Co, Niagara 
Falls, N. Y. 

GOODERHAM, JOHN W., Telephone Engineer, 
Bell Telephone Labs., New York, N. Y. 

KIERSTEAD, FRIEND H., Electrical Engineer, 
General Elec. Co., Pittsfield, Mass. 

NORTH, JOHN R., Asst. Investigations Engineer, 
Commonwealth Power Corp. of Michigan, 
Jackson, Michigan. 

PEASE, EDWARD I., Associate Engineer, U. S. 
Engineer Dept., Seattle, Wash. 

SAWYER, R. TOM, Oil and Gas Elec. Rwy, 
Equipment Engr., General Elec. Co., Erie, Pa. 

SCHIRMER, AUGUST H., Telephone Engr., 
American Tel. & Tel. Co.. New York, N. Y. 

SMITH, CLIFTON E., Consulting Elec. Engg., 
116 West 39th St., New York, N. Y. 


Manager, General 
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ELECTRICAL ENGINEER, 30, married. 
Technical University graduate. Practical ex- 
perience as mechanic, electrician and armature 
winder. Has been draftsman on telephone 
apparatus, small motors and other electrical 
appliances. For the last three years draftsman 
and checker on electrical power stations and 
outdoor switch yards. Location preferred, East 
or Europe. B-9786. 

ESTABLISHED . CONSULTING ENGI- 
NEER in large eastern city, specializing in reports, 
valuations and statistics used by utilities, com- 
missions, engineers, and operating and management 
companies throughout the United States, desires 
to form connection with large organization 
where both engineering services and facilities for 
securing engineering business could be used ad- 
vantageously. B-7006. 

ELECTRICAL ENGINEER, University grad- 
uate, 34. married; 9 years’ experience in electric 
and Diesel-electric traction field here and abroad, 
desires position with well established company. 
Very well acquainted with latest developments in 
Diesel-electric traction vehicles. Now engaged. 
C-5268. 

GRADUATE ELECTRICAL ENGINEER, 368 
married: 13 years’ experience covering designing: 
construction, maintenance of distribution and 
transmission systems, out door transformer sub- 
stations, generating stations; two years efficiency 
and research engineer for coal mine; three years 
designing and operating coal cleaning plants, 
using pneumatic separators. Desires connection 
with public utility, large coal company. C-5277. 


GRADUATE ELECTRICAL ENGINEER, 
24, single, desires position in application or design 
of small motors. One year on Westinghouse 
Student Course; six months in Westinghouse 
Design School; one and one-half years on design 
and construction of small motors. Available on 


short notice. Location, United States, east 
preferred. C-5051. 
CATENARY ENGINEER. graduate, B. S. 


and C. E., American, 48, married; twenty years' 
experience in general engineering electrical trac- 
tion work: specialized experience in overhead 
contact systems, designing, estimating, construc- 
ting, developing. selling. consulting; transmission 
line design: special experience in railway electrifi- 
cation, manufacture, installation, project work, 
reports; railway valuation. Now available. 
C-5262. 
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SPRATLEY, JAMES B., 
Chesapeake & Potomac 
Washington, D. C. 

THIMME, EDMUND J., Division Engineer, 
Public Service Elec. & Gas Co., Paterson, N.J. 

WALTER, OTTO W.. Engr., Hall Electric 
Heating Co., Fort Wayne, Indiana. 

WEBER, HOWARD H., Asst. Engr., Rome Wire 
Co., Rome, N. Y. 

WHITE, THOMAS C., Elec. Supt., State Line 
Generating Co., Chicago, Ill. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for 
admission as an Associate. If the Applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before December 31, 1928. 


Adams, O. R., American Tel. & Tel. Co., New 


Telephone Engr., 
Telephone Co., 


York, N. Y. 
Amoo, L. R., Radio Salesman, Morristown, So. 
Dak. 
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Annett, R., Puget Sound Power & Light Co., 
Everett, Wash. 

Arnold, H. O., Federal Shipbuilding & Drydock 
Co., Kearny, N. J. 

Baker, H. A., (Member), John Tarleton A. & M. 
College, Stephenville, Texas 

Balkow, C., Washington Water Power Co., 
Spokane, Wash. 

Barry, J. E., Jr., Niagara Electric Service Corp., 
Niagara Falls N.Y. 


Battistini, L. G., New York Edison Co., New 
York, N.Y. 

Bell, E., Pennsylvania Power & Light Co., 
Hazleton, Pa. 


Belt, W. B., Beckerl Moore & Co., Inc., N. 
Tonawanda, N. Y. 
Berkner, L. V., Bureau of Standards, Washington, 


D.C. 

Bigelow, P. W., 110 West 78th St., New York. 
N Y. 

Bohan, P. C., American Tel. & Tel. Co., New 
York, N. Y. 


Bredehoft, H. A., Bell Tel. Laboratories, Inc., 
New York, N. Y. 

Bricker, L. B., Southwestern Bell Tel. 
Houston, Texas 

Brouwers, P W., New England Tel. & Tel. Co., 
Boston, Mass. 

Burgwin, S. L., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh. Pa. 

Bush, J W., Southwestern Bell Tel. Co., Houston, 
Texas 

Carson, R. N., Jr, Southwestern Bell Tel. Co, 
Houston, Texas 

Cassil, C. C., Southwestern Bell Tel. Co., Houston, 
Texas . 

Child, J. E., Detroit Edison Co., Detroit, Mich. 

Chrestensen, C. E., Milwaukee Elec. Railway & 
Light Co., Milwaukee, Wis. 

Christison, D. C., Wisconsin Power & Light Co., 
Madison, Wis. 

Cole, J. E., Waltham Watch Co., Waltham, Mass. 

Coles, C. H., Brooklyn Edison Co., Brooklyn, 


Co., 


N.Y. 

Collinot, M. A., Chas. Engelhard, Inc., Newark, 
N.J. 

Connor, W. F., Westinghouse Elec. & Mfg. Co.,” 
Sharon, Pa. 

Cope, R. D., Houston Wood Preserving Co., 
Dallas, Texas 

Cross, P. C., General¥Electric Co., Kansas City, 
Mo. 

Cross, R. D., Alabama Power Co., Birmingham, 
Ala. 

Dalby, H. W., Portland Electric Power Co., 
Portland, Ore. 


Defries, R. G., Canadian General Electric Co., 
Toronto, Ont., Can. 

del Valle Goerry, E., Mexican Tel. & Tel. Co., 
Mexico, D. F., Mex. 

Diaz, E., United Scientific Laboratories, New 
York, N. Y. 

Dickinson, R. C.. Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 

Dodds, G. B., Duquesne Light Co., Pittsburgh, Pa. 

Dorn, H. V., 1 Prospect Park West, Brooklyn, 
N.Y. 

Dyer, L. W., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Fannon, J. L., 34 Liberty Ave., W. Somerville, 
Mass. 

Farry. O. T., Wagner Electric Corp., St. Louis, 
Mo. 

Fathauer, W., Chicago Surface Lines, Chicago, 
Il. 

Finehout, F. R., Esterline Angus Co., Speedway 
City, Ind. 

Firestone, S.. Detroit Edison Co., Detroit, Mich. 


Fischer, M, New York Edison Co., New York, 


N.Y. 

Forbes, G.. New York Telephone Co., New 
York, N.Y. 

Fowler, G. F., Bell Telephone Laboratories, 


New York N.Y. 


Fuller, R. E., New York Edison Co., New York, 
N. Y. 


INSTITUTE AND RELATED ACTIVITIES 


Furth, E. L., Washington University, St. Louis, 
Mo. 

George, S. A., Southwestern Bell Tel. 
Houston, Texas 

Gordon, N. B., Trumbull Electric Mfg. Co., 
Plainville, Conn. 

Grace, W. J., Wm. K. Grace Engg. Co., Dallas, 


Co., 


Texas 

Graham, M. R., Commonwealth Power Corp., 
Jackson, Mich. 

Grant, M. S., O. M. Matzen & Co., New York, 
N.Y. 


Green, C. M., Jr., Radio Sales & Service Co., 
Orlando, Fla. 

Grenfell, R. R. 
Brooklyn, N. Y. 

Halberg, M. N., General Electric Co., Schenec- 


Einsman Magneto Corp., 


tady, N. Y. 

Hand, A. R., General Electric Co., Schenectady, 
N.Y. 

Hartt, J S., (Member), 610 Gay Bldg., Madison, 
Wis. 

Heiser, E. S., U. S. Dept. of Commerce, St. Paul, 
Minn. 


Hicks, B. C., Shawinigan Water & Power Co., 
Montreal, Que., Can. 
W. B., Century Electric Co., 

Texas 

Hoffman, S. G., 802 Howard Ave., Brooklyn, N Y. 

Hulstede. G. E., Pacific Tel. & Tel. Co, San 
Francisco, Calif — 

Iams, H. A., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. ` 

Jennings, J. E., Southwestern Bell Tel. 
Houston, Texas 

Johnson, W.C., Jr , General Electric Co., Schenec- 
tady, N. Y. 

Kaestle, F. L., Yale University, New Haven, 
Conn. 

Kahn, L., Rutgers University, New Brunswick, 
N.J. 

Keller, C. H., 215 N. Front St., Columbus, Ohio 

Kitchin, D. W., Simplex Wire & Cable Co., 
Cambridge, Mass. 

Kniphuisen, R. F., American Tel. & Tel. Co., 
New York, N. Y. 

Koch, G. S., Charles W. Jones, Attorney-at-Law, 
Washington, D C. 

Koontz, R. M., Koontz-Wagner Elec. Co., 
So. Bend, Ind. 

Krift, R. B., Union Gas & Elec. Co., Cincinnati, 
Ohio 

Ligh, C., Piezoelectric Laboratories, New Dorp, 
S.I., N.Y. 

Lyon, D. A., Philadelphia Suburban-Counties 
Gas & Elec. Co., Norristown, Pa. 

MacHaffie, F. B., Rensselaer Polytechnic Insti- 
tute, Troy, N. Y. ] 

Maggi, E. C.. Westinghouse Elec. & Mfg. Co.. 
Sharon, Pa. 

Mather, T. T., Public Service Elec. & Gas Co., 
Passaic, N. J. 

McNeil, B., Commonwealth Edison Co., Chicago, 
Ill. 


Hill, Houston, 


Co., 


Meador, B. F., General Electric Co., Kansas 
City, Mo. 

Merrill, O. E., Mass. General Hospital, Boston, 
Mass. 


Miller, H. C., (Member), Southwestern Lt. & 
Pr. Co., Lawton, Okla. 

Morey, C. H., Brooklyn Edison Co., Brooklyn, 
N.Y. 

Newton, O. A., Public Service Elec. & Gas Co., 
Irvington, N.J. 

O'Donnell, E. D., Southwestern Bell Tel. Co., 
Houston, Texas 

Olson, F. G., Houston Lighting & Power Co., 
Houston, Texas 

O’Toole, M., Ohio Brass Co., Mansfield, Ohio 


Palmer, J. H., General Electric Co., Schenec- 
tady, N. Y. 
Peters, R. H., Southwestern Bell Tel. Co., 


Houston, Texas 

Pfalzgraf. R. M., General Electric Co., Lynn, 
Mass. 

Pickett, G., U. S. Navy Dept., 
New York, N. Y. 


Navy Yard, 


Journal A. I. E. E. 


Puente, M. J., Compania Cervecera Internacional, 
Havana, Cuba 

Reinken, L. W., American Tel. 
New York, N. Y. 

Riethmiller, E. R., Cardon Corp., Jackson, Mich. 

Rogers, A. H., New England Public Service Co., 
Augusta, Me. 

Rojos, L., Pan American Union, Washington, 
D.C. 

Roth, J. W., A. T. & S. F. Railroad Co., Amarillo, 
Texas 

Schomer, J. M., Western United Gas & Elec. Co., 
Aurora, Ill. 

Schumacher, A. E. W., New York Telephone Co., 
Mt. Vernon, N. Y. 

Seaman, B. C., Elliott Co., Ridgway, Pa. 

Seletzky, A. C., Johns Hopkins University, 
Baltimore, Md. : 

Sherman, K. S., General Electric Co.. Oakland, 


& Tel. Co. 


Calif. 
Sherwood, W. W., Yale University, New Haven, 
Conn. 


Siddons, E. C., United Elec. Lt. & Pr. Co, 
New York, N. Y. 

Smalley, W. E., Pennsylvania Power & Light Co., 
Hazleton, Pa. 

Smith, F. W., Lafayette College, Easton, Pa. 

Smith, T. Q., American Brown Boveri Electric 
Corp., New York, N. Y. 

Snyder, J. S., (Member), Philadelphia Electric 
Co., Philadelphia, Pa. 

Snyder, W. E., Pennsylvania Power & Light Co., 
Allentown, Pa. 

Somoskie, P. A., Electrical Engineer & Contrac- 
tor, Shamokin, Pa. 

Sparks, R., Westinghouse Elec. & 
East Pittsburgh, Pa. 

Staacke, H. F., Westinghouse Elec. & Mfg. Co., 
Houston, Texas 

Starr, T. S., University of Akron, Akron, Ohio 

Stocks, B. R., Kansas City Pr. & Lt. Co., Kansas 
City, Mo. 
(Applicant for re-election.) 

Stone, W. A., Purdue University, Lafayette, Ind. 

Swift, H. L., Cincinnati Street Railway Co., 
Cincinnati, Ohio 

Tadlock, W. L., Knoxville Power & Light Co., 
Knoxville, Tenn. 

Tanner, S. C., Radio Corp. of America, Bolinas, 
Calif. 

Tarpley, R. E., University of Illinois. Urbana, Ill. 

Tchinnis, P. M., Brooklyn Edison Co., Brooklyn, 
N.Y. 

Thomson, W. L., Cornell University, 
N.Y. 

Toth, E., Bakelite Corp., Bloomfield, N. J. 

Underwood, H. C.; Puget Sound Power & Light 
Co., Everett, Wash. 

Vera, J. E., Mexican Tel. & Tel. Co., Mexico, 
D. F., Mexico 

Verman, L. C., Cornell University, Ithaca. N. Y. 

Viessman, W., (Member), City of Baltimore, 
Baltimore, Md. 

Wagner, H. H., Westinghouse Elec. & Mfg. Co. 
Sharon, Pa. 

Warner, L. C.. Western Electric Co.. Inc., New 
York, N. Y. 

Willis, R. S., Southwestern Bell! Tel Co., Houston, 
Texas 

Winterhalter, W. E., General 
Chicago, Ill. 

Wright, S. H., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

York, V. O., Detroit Institute of Technology, 
Detroit, Mich. 

Total 133. 


Mfg. Co. 


Ithaca, 


Electric Co., 


Foreign 


Abideen, S., Public Works Dept., Nagpur, Cen- 
tral Provinces, India 

Bewick, R.. Municipality of Middelburg, Middel- 
burg, (C. P.), So. Africa 

Branch, L. W., Hawaii Telephone System of the 
Mutual Telephone Co., Hilo. Hawaii 
(Applicant for re-election.) 

Coffey, L., Sydney Municipal Council. Sydney, 
Australia 


Dec. 1928 


Evans, A. W., North Metropolitan Elec. Pr. 
Supply Co., Buntingford, Herts., Eng. 

Hano, I., Waseda University, Tokyo, Japan 

Harmer, L. B., Post Office Telephones, New- 
castle-on-Tyne, Eng. 

Total 7. 


STUDENTS ENROLLED 


-Abrahamson, Edward F., University of California 
Ackor, William R., Newark College of Engineering 
Adams, Myron D., Worcester Polytechnic Inst. 
Adams, Watson C., University of New Hampshire 
Agan, James B., University of Wisconsin 
Albright, Robert B., Bucknell University 

Allen, Roy E., University of Oklahoma 

Allgeier, Stanley W., State College of Washington 
Alverson, Robert M., University of Kontucky 
Amtsberg, Lester A., Case School of Applied 

Science 

Anderson, Gustaf A., University of California 
Anderson, Harold T., University of Idaho 
Anderson, Samuel W., University of Kentucky 
Andrews, Fred O., Rose Polytechnic Institute 
Anthony, Clarence W., University of Oklahoma 
Appell. William M., Rice Instituto 

Arndt, Mark H., University of California 

Arnold, Shirley, University of Santa Clara 
Ashbaugh, Elwood. Engg. School of Milwaukee 
Ashla, Neeland, Oregon State College 

Ashmead, Eugene, Ohio State University 

Atwood, Bryce O., University of New Hampshire 
Backer, Labon, Virginia Polytechnic Institute 
Baer, Werner K., Newark College of Engineering 
Bailey, Donald S., University of Idaho 

Bailey. Emory P., University of Maine 

Bair, Herbert W., Pennsylvania State College 
Baker, Albert E., Rose Polytechnic Institute 
Ballard. Lawrence E., University of Kentucky 
Bange, Richard M., Pennsylvania State College 
Barker. Virgil R.. Ohio State University 

Barnes, Edgar C., Pennsylvania State College 
Barnes, George W., University of Kentucky 
Bartlett, Walter S., University of New Hampshire 
Baston, Whitney M., University of Maine 
Bates, Harold C., Worcester Polytechnic Institute 
Bates, Stephen C., Oregon State College 
Beckley. Frank E., Jr., University of Vermont 
Benner, Arthur H., Engg. School of Milwaukee 
Bennett, Ernest W., Kansas State Agri. College 
Berry, J. S.. University of California 

Bevill, James B., Clemson Agri. College 

Bingham, Clifford J., University of Michigan ° 
Bolton, Curtis F., University of California 

Boston, John P., University of Kentucky 
Boughtwodd, Edwin, Northeastern University 
Bowers. Elwell S., University of California 

Boyd, Clarence N., Colorado Agricultural College 
Boylan, Horace E., Engg. School of Milwaukee 
Boyles. Abbott W., University of New Hampshire 
Bozeman, Richard W., University of Kentucky 
Bradbury. Gordon C., Washington State College 
Britton, J. A.. Drexel Institute 

Brockmeyer, H. R., Engg. School of Milwaukee 
Brosman, Granville P., Rose Polytechnic Institute 
Brown, Clifford E., University of Idaho 
Brubaker, Jasper L., Kansas State Agri. College 
Buckminster, Hartford E., University of Arkansas 
Buge. Albie. Engineering School of Milwaukee 
Burelbach, Fred M., Oregon State College 
Burrell, John E., University of Washington 

Bush, George L.. Worcester Polytechnic Institute 
Bussell, Cecil W., University of Wisconsin 
Butler, John H., University of Kentucky 
Calhoun, Charles M., North Carolina State College 
Carlson, Lawrence E., University of California 
Carpenter, Haskell, University of Oklahoma 
Carter, Herman T., Ohio State University 
Castler, Joseph H., University of California 
Caulkins. Lloyd E., So. Dak. State School of Mines 
Chase, Willard F., University of Michigan 

Chia, Y. L., Newark College of Engineering 
Churchill, Alfred L., University of California 
Cilley, Putnam, Mass. Institute of Technology 
Clark, Albert C., Oregon State College 

Clark, Galen B., Rose Polytechnic Institute 

Clark, Herbert S., University of Idaho 

Clark, Paul G., University of Detroit 


INSTITUTE AND RELATED ACTIVITIES 


Clay, Murray G., Lafayette College 
Clemens, Eli W., Virginia Polytechnic Institute 
Coe, John M., University of Missouri 
Coggins, Arthur R., University of Maine 
Cole, John H., University of Oklahoma 
Coleman, William N., Clemson Agri. College 
Coon, Alton H., Rhode Island State College 
Cornett, Ewel B., University of Kentucky 
Counts, William L., University of Oklahoma 
Coupland, Bertram R., California Inst. of Tech. 
Crenshaw, Ernest D., University of Arkansas 
Cropper, Robert O., University of Kentucky 
Crosby, Leslie W., Northeastern University 
Culbertson, M. F., University of Oklahoma 
Cullinan, John A., Northeastern University 
Cunningham, Robert M., Haverford College 
Curry, Elden M., University of Oklahoma 
Daebeler, Otto, Drexel Institute 
Dalrymple, Donald D., Penn. State College 
Daniel, Claude W., University of Kentucky 
Darsie, Robert C., University of Kentucky 
Davis, Paul A., Worcester Polytechnic Institute 
Deming, Arthur F., University of California 
Derry, John A., Rose Polytechnic Institute 
Desjardins, George E., University of Maine 
Dick, Charles L., University of Idaho 
Dickinson, Clarence R., University of Wisconsin 
Dickinson, Neil K., University of Akron 
Dicus, Fred E., Jr., University of Idaho 
Dodson, Wayne E., Rose Polytechnic Institute 
Doerle, Walter C., University of California 
Donlon, John E., University of Idaho 
Dowen, Robert H., Kose Polytechnic Institute 
Drake, Leslie P., University of Wisconsin 
Duering, Carl F., University of California 
Edwards, Willard E., University of Oklahoma 
Ellington, Tom S., Jr., North Carolina State Col. 
Ellison, Ralph A., Alabama Polytechnic Institute 
Engel, Ernest D., University of Washington 
Erickson, Harvey, State College of Washington 
Eubanks, Elbert E., University of Arkansas 
Ewing, George McN., University of Missouri 
Fanson, Wayne R., University of Oklahoma 
Fausey. Carl A., Engg. School of Milwaukee 
Fernlund, Carl A., Case School of Applied Science 
Fettig, Joseph J., Purdue University 
Finley, Samuel F., University of California 
Fisher, Sol, University of Michigan 
Fister, Fred M., University of Kentucky 
Fredendall, Beverly, California Inst. of Tech. 
Fried, Harold V., University of Kentucky 
Funkhouser, Albert W., Purdue University 
Fuss, William H., University of Michigan 
Gable, Albert C., Georgia School of ''echnology 
Garrison, Homer D., University of Washington 
Geddings, Marvin T., Clemson Agri. College 
Gill, Charles W., University of Kentucky 
Gilmore, Verrill B., University of Maine 
Girard, Walter A., University of Oklahoma 
Goddard, DeWitt R.. Worcester Polytechnic Inst. 
Goerger, Orville R., Washington University 
Goldman, Harry L., Worcester Polytechnic Inst. 
Goldstein, Mandel N., University of Wisconsin 
Goodale, R. Wayne, Oregon State College 
Gorbandt, Everett T., University of Kentucky 
Gorsuch, Harry R., University of Missouri 
Grant, John R., University of Michigan 
Graves, James A., Clemson Agri. College 
Gravitt, Frank H., University of Kentucky 
Gray, Elza, University of Oklahoma 
Haeggquist, Willard L., Engineering School of 
Milwaukee 
Haisch, Frederick, Drexel Institute 
Halvarson, Thure, University of Washington 
Hammer, Karl E., University of Washington 
Hammond, Walter W., North Carolina State Col. 
Hamrick, Henry O., North Carolina State Col. 
Harper. Samuel B., Clemson Agri. College 
Harris, Ford E., Engineering School of Milwaukee 
Harrison, Henry, Newark College of Engineering 
Harvey, Arthur J., Jr., Case School of Applied 
Science 
Hatch, Ernest, University of Idaho 
Hattrup, Hubert, University of Idaho 
Hayes, R. A., Clemson Agri. College 
Hegel, Louys G.. Univ. of Southern California 
Heilbron, Eric, University of California 
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Hemphill, David A., University of Kentucky 
Hepler, Kenneth G., Carnegie Inst. of Technology 
Hergott, H. Stanley, University of Kentucky 
Herman, Frank J., Lehigh University 
Hickenlooper, Irby J., University of Florida 
Higgins, Edward A., Ohio State University 
Hoger, Burton E., Engg. School of Milwaukee 
Higley, Harry E., Univ. of Southern California 
Holdaway, Vivian L., California Inst. of Tech. 
Hollingsworth, C. C., Purdue University 

Hollis, Robert W., Jr., University of California | 
Holritz, Fred, Engineering School of Milwaukee 
Horney, Henry W., North Carolina State College 
Horsfall, Joseph D., University of Wisconsin 
Howard, Donald A., Univ. of Southern California 
Howard, Jocephus C., University of Arkansag 
Howard, Wilburn S., University of Oklahoma 
Howe, Bruce, Engineering School of Milwaukee 
Huber, Wayne C., Oregon State College 

Hudson, Jay S., Case School of Applied Science 
Hughes, John R., University of Missouri 

Idehara, Kozo K., University of California 
Ingraham, James W., Kansas State Agri. College 
Ingram, Arthur G., University of Delaware 
Iramme, Richard J., University of Kentucky 
Jacobson, Nathan, University of Delaware 
Johnson, A. S., University of Kentucky 
Johnson, Bert C., Purdue University 

Jones, Kenneth R., University of Idaho 


Jones, Newell K., University of Missouri 


Jones, Robert H., Jr., University of Missouri 
Kelley, Dean P., University of Idaho 

Kelly, John R., University of Florida 

Kendall, Thomas A., University of Kentucky 
Kennedy, Evan D., Case School of Applied Science 
Kennedy, Sargent, Harvard University 
Kenworthy, Kenneth P., University of Idaho 
King. Kenneth L., State College of Washington 
Kirchhoff, Rudolf C., University of California 
Knabe, Theodore A., Virginia Polytechnic Inst. 
Knaus, William L., Washington University 
Knicklebine. H. A., Purdue University 

Knight, Arthur W., Worcester Polytechnic Inst. 
Kocmich, Edward G., Lewis Institute 

Kostes, John R., Lehigh University 
Kouchnerkavich, Thomas A., Univ. of Michigan 
Kowalski, Frank, Case School of Applied Science 
Kramer, Arthur, University of Washington 
Krammes, William H., Engg. School of Milwaukee 
La Barge, Kenneth F., University of Detroit 
Lachicotte, Frank W., Jr., Clemson Agri. College 
Lambert, Richard C., Lehigh University 
Laughlin, Jess C., University of Kentucky 
Lawler, Thomas L., University of Maine 

Lawyer. James M., Rose Polytechnic Institute 


' Lee, Edson C., California Institute of Technology 


Ligon, John T., University of Kentucky 
Lindhurst, Roland W., California Inst. of Tech. 
Lindley, John C., University of Kentucky 
Lindsey. Howard P., University of Arkansas 
Lipscomb, Leo H., University of Missouri 
Loewe, Robert, University of Wisconsin 
Lowe, Lester V., North Carolina State College 
Lukoff, Boris A., University of California 
Lund, Curtis W., University of Washington 
Malstrom, George W., Lewis Institute 
Manley, Jack M., University of Missouri 
Manning, Emmett W., University of Michigan 
Marshall, Lawrence E., Jr., Clemson Agri. College 
Martin, Philip C., Syracuse University 
Massie, Luther L., University of Kentucky 
Mason, Walter C., Pennsylvania State College 
Mathis, Gail, University of Oklahoma 
Maxfield, Frederick A., University of Wisconsin 
May, James W., University of Kentucky 
May, William W., Jr., Georgia Schooi of Tech. 
McCoy, Wayne A., University of Idaho 
McGlynn, Harold J., University of California 
McIntosh, Robert B., Case School of Applied 
Science 
McMurtry, Louis F., Jr., Northeastern University 
McNair, Irving M., Virginia Polytechnic Institute 
Meier, Wilber L.. Purdue University 
Meisenheimer, Edward A., Univ. of Wisconsin 
Meris, Francisco P., Washington University 
Meyer, George W., University of California 
Meyer, Richard H., Purdue University 
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Meyers, Lewis W., Engg. School of Milwaukee 
Miller, George W., University of Idaho 
Miller, Harold J., Washington University 
Mitchell, Dalton C., North Carolina State College 
Mitchell, Walter R., Kansas State Agri. College 
Moench, Herman A., Rose Polytechnic Institute 
Moffat, David D., Jr., University of California 
Moore, Edward D., University of Kentucky 
Moore, James R., University of Kentucky 
Moore, Walter E., Pennsylvania State College 
Moreland, H. D., Oregon State College 
Morrison, Donald J., University of Arkansas 
Moyers, Clarence E., West Virginia University 
Moyers, Walter R., University of Detroit 
Mullaney, J. P., University of Kentucky 
Naftzger, Donald A., Ohio State University 
Neff, Stillman E., Colorado Agricultural College 
Nichols, John H., North Carolina State College 
Niedzielski, Henry F., University of Detroit 
Norton, Frank R., University of California 
Odbert, Eugene, Jr., University of Wisconsin 
Oehlwein, Oscar L., State College of Washington 
O'Keefe, Francis J., University of Detroit 
Oldenburg, Carl R., University of Wisconsin 
Oldham, Kenneth W., Purdue University 
Olin, Robert W., University of Idaho 
O'Neill, Arthur N., University of Wisconsin 
Paisley, John B., Jr., Alabama Polytechnic Inst. 
Parsons, Bruce L., University of Michigan 
Peters, James W., Jr., Lehigh University 
Peterson, Gunnar C., University of Detroit 
Peterson, William E., Ohio State University 
Pettebone, Orlando R., University of California 
Pfundt, Rudolph E., Washington University 
Phelps, Herbert S , University of Wisconsin 
Plymire, Reginald F., University of Washington 
Poehlman, Frank C., Northeastern University 
Porter, Harold R., University of California 
Powell, Francis C., Drexel Insvitute 
Powell, Jeptha T., Missouri School of Mines 
Price, Earl R., North Carolina State College 
Priem, Ervin S., Engineering School of Milwaukee 
Quirino, Felix, University of Wisconsin 
Quisenberry, E. S., University of Kentucky 
Rand, Philip H., University of Maine 
Randle, Elmer W., Kansas State Agricultural Col. 
Rapp, John C., California Institute of Technology 
Redit, Walter H., University of California 
Reintjes, Irvin C., Purdue Unlversity 
Richardson, Clement D., Kansas State Agri- 
cultural College 
Richardson, James R., Georgia School of Tech. 
Riebe, Frank A., Oregon State College 
Rieu, Edmond L., Jr., University of California 
Rigonan, Pio C., University of Detroit 
Roberts, Raymond N., Clarkson College of Tech. 
Roberts, W. P., Purdue University 
Robinson, Albert L., University of California 
Rodhouse, Tom E., University of Missouri 


INSTITUTE AND RELATED ACTIVITIES 


Rogers, John H., Mass. Institute of Technology 

Roos, John A., Rice Institute 

Roser, Clarence O., University of Wisconsin 

Rosswog, Julius G., Case School of Applied 
Science 
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Sherwood, Edwin T., Purdue University 

Sidhu, Balwant S., University of California 

Sigmon, Loyd, Engineering School of Milwaukee 
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Snyder, Walter C., Clemson Agri. College 

Spaulding, L. F.. Purdue University 

Spence, Wellford D., North Carolina State Col. 

Spike, Harold R., Engg. School of Milwaukee 

Spoor, Lorimer C., University of Michigan 

Spring, George L., Purdue University 

Spurgeon, Ola A., University of Missouri 

Steele, Lloyd E., University of Washington 

Stein, Myer, California Inst. of Tech. 

Steltzlen, Gerald W., University of Arkansas 
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Stevenson, Frank W., Jr., Lehigh University 

Stickney, Warren A., University of Maine 

Stitt, William B., University of California 

Stoker, John, Purdue University 
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Terrill, Flanery O., University of Kentucky 
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Thompson, Charles W., Northeastern University 
Thompson, David L., Rose Polytechnic Institute 
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Tilton, Charles S., Oregon State College 
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Varney, Frank H., University of California 
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White, Clarence E., University of Akron 
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Honorary Secretary 
RALPH W. POPE 


Rio de Janeiro, 


INSTITUTE AND RELATED ACTIVITIES 


941 


CoLumBIA UNIVERSITY SCHOLARSHIPS, W. I. Slichter 
AWARD OF INSTITUTE PnizES, H. P. Charlesworth 
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APPLICATIONS TO MARINE WorkK, W. E. Thau 
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JoiNT CONFERENCE COMMITTEE OF FouR FOUNDER SOCIETIES 
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NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 
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RADIO ADVISORY COMMITTEE, BUREAU OF STANDARDS 


SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OF INVESTI- 
GATION AND COORDINATION 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL COMMISSION ON 
ILLUMINATION 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 


WASHINGTON AWARD, COMMISSION OF 
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Atlanta H. L. Wills W. F. Bellinger, Elec. & Gas 
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Columbus W. E. Metzger R. A. Brown, 87 E. Dunedin Road, 
Columbus, Ohio 
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Lighting & Power Co., Houston, 
Texas 
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Ithaca R. F. Chamberlain H. H. Race, School of Elec. Eng 
: Cornell University, Ithaca, N Nie 
Kansas City B. J. George A. B. AS Southwestern Bel) 
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Minnesota M. E. Todd V. E. Engquist, Northern States 
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Panama Toronto, Ont., Canada 
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Philadelphia, Pa. Utah C. B. Shipp A. C. Kelm, 133 So. West Temple 
Pittsburgh H. E. Dyche . A. Cadwallader, The Bell St., Salt Lake City, Utah 
Telephone Co. of Pa.,416 7th — Vancouver C. W. Colvin J. Teasdale, British Columbia 
Ave., Pittsburgh, Pa Elec. Railway Co., Vancouver, 
Pittsfield J. R. Rue V. M. Montsinger, General Elec- B. C., Canada 
tric Cos. Fittsheld, Mass. Washington L. D. Bliss R. W. Cushing, Federal Pr. Comm, 
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R. I. Total 54 
LIST OF BRANCHES 
Counselor 
Name and Location Chairman Secretary (Member of Faculty) 
Akron, Municipal University of, Akron, Ohio............ cc cc cece cccecececece C. D. Tinley G. E. Burkholder J. T. Walther 
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Armour Institute of Technology, 3300 Federal St., Chicago, Ill........ ie oA erm C. J. McDonald J. E. Wack D. P. Moreton 
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y............. H. F. Steen F. J. Mullen Robin Beach 
Bucknell University, Lewisburg, Pa....... 0... ec cc cece ence cence sec ccececs R. E. Snauffer J. E. Bridegum W. K. Rhodes 
California Institute of Technology, Pasadena, Calif................ eere G. R. Crane A. W. Dunn R. W. Sorensen 
California, University of, Berkeley, Calif.............. cece een Os  H. H. Hyde H. K. Morgan T. C. McFarland 
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Case School of Applied Science, Cleveland, Ohio...............- cese oen W. A. Thomas J. O. Herbster H. B. Dates 
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Duke University, Durham, N. C...........cccccccece bag ER E E EM de W. E. Cranford C. W. Berglund, Jr. W. J. Seeley 
Florida, University of, Gainesville, Fla............. ccce eerte A. W. Payne N. J. Rogers J. M. Weil 
Georgia School of Technology, Atlanta, Ga........... ccce E. M. Burn K. W. Mowry E. S. Hannaford 
Idaho, University of, Moscow, Idaho.......... ccc cece cece ees nn O. C. Mayer K. P. Kenworthy J. H. Johnson 
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Kansas State College, Manhattan, Kansas.......... ccc cece cece ehh tn H. C. Lindberg J. W. Schwanke R. G. Kloeffier 
Kansas, University of, Lawrence, Kans......... 0... cc ccccccccccscs uo A. E. Keefe G. C. Shaad 
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Massachusetts Institute of Technology, Cambridge, Mass............. — (€ R. M. Durrett F. O. Urban W. H. Timbie 


Dec. 1928 INSTITUTE AND RELATED ACTIVITIES 
LIST OF BRANCHES— Continued. 
Counselor 
Name and Location Chairman Secretary (Member of Faculty) 
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ugust, 

Our Debt to Modern Lighting.................. Decenber, 


Anti-Resonanee. (Seeley) 
September, 
Pennsylvania Power & Light Company, Surge Voltage 


Parallel Resonance and 


Investigation on 220-Kv. System of the. (Smeloff) 
November, 

Permalloy, Compressed Powdered. (Shackelton and 
Barbers ins esedduserdu ane ta Bae we ee a ee June, 
Permeameter, Saturation.  (Gokhale)............ March, 
Phonographs to be Operated by Film............... May, 
Phosphoreseent Light Illuminates Novel Sign..... August, 
Planning of Telephone Exchange Plants, The. (Stephen- 
SOT) so rox ao ay Eu es Sines we Prasad ecl a d on ue July, 


Point-Gap Arcover Voltage, Sphere-Gap and. (Carroll 
and € o0ZZel3)ones esc sake ae Waar 4 ER Ended December, 
Poles, Utilization of Lodgepole Pine Timber for. 
(Lindari eeue erae a su D enc i ps September, 
Power Applieations, General. (MaeCuteheon, Chairman) 
December, 

— Company System, Lightning Investigation on New 
England. (Dillard). oo oer dao July, 

— Plants, Dividing Load Economically among. n) 
une, 

— Supply for Railway Signals. (King)........ September, 
— System, The Chicago Regional. (Williams)... January, 
— Systems, Residual Voltages and Currentsin. (Corbett) 
December, 

— -Line Carrier Telephony. (Fuller and Tolson). . October, 
Problems in Power-Line Carrier Telephony. (Wolfe and 


SAPPOS) ood kod sees qe pu E DARIN E eS e ay October, 
Protection of Supervisory Control Lines. (Beck).... May, 
Proteetive Deviees, Report of Committee on. (Hunt) 

November, 
Proximity Effect in a Seven-Strand Cable. (Tweeddale) 
| | April, 


Q 


Quantitative Mechanical Analysis of Power Svstem 
- Transient Disturbances. (Bergvall and Robinson) June, 


R 


Radio Acoustic Position Finding in Hydrography. 


KSCEV ICO) ile re a ad dis geno Doi tie pared een Se ptember, 
— Beacons....... 0. 00. cc cc eee ence ees August, 
— Bill Provides Equal Alloeation................. April, 
— Equalization Plan Started...................... May, 
— Fading in the Broadcast Range................ August, 
Railroad Traction, Interconnection of Power and. ru» 

uly, 


Railway Electrification, High-Speed Circuit Breakers for. 
(WCX o cestemaedatbanie qu o RSS o ed dunt December, 
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Railway Electrification in Cascades, Great Northern. 
Moreland and Booth).............. November, 
— Signals, Power Supply for. (King).......... September, 
Railways, Arrangement of Feeders and Equipment for 
Electrified. (Morton)..................... November, 
Rationalization of Transmission System Insulation 
Strength. (Sporn).................... eee September, 
Reactance of Synchronous Machines, The. (Park and 
Robertson)... voccs Rc EX ERSTE DA MERE May 


Caleulation of the Armature. (Alger) A st 


Recent Improvements in Turbine Generators. oe e 1) 
une, 
— Installations of Large Airway Beacons............ May, 


— Publications by the Bureau of Standards. .... . February, 


Recorder, High-Speed. (Hall).................... July, 
—, The Hall High-Speed. (Tingley)........... January, 
Rectifier, Automatic Mercury-Are Power. (Turley) 
October, 

—, Operation and Performance of Mercury Arc 
(Antoniono)............ 0. ccc eee eee eene January, 

— Substations, Mercury Arc. (Wood)........... October, 
—, The Vacuum Tube. (Kuhlmann and Barton) J amay 


Rectifiers, Effect of Street Railway Mercury Are. (Daly) 


July, 
(Nickle and Carothers) 


July, 
Relation between Transmission Line Insulation and Trans- 


Regulators, Automatic Voltage. 


former Insulation. (Lewis)................ September, 
Relay, The Impedanee. (MeLaughlin and Bresson) 
pril, 

Relays for Protection of Power System Interconnections, 
The Application of. (Crichton and Graves)... . February, 
Research, Report of Committeeon. (Peek)......... uly, 


Residual Air and Moisture in Impregnated Paper Insu- 


lation. (Whitehead, Kouwenhoven, and Ham- 

Duper) zou olo uus o MI dae ou A kas August, 

— Voltages and Currents in Power Systems. (Corbett) 

November, 

Resonance and  Anti-Resonanee, Parallel. (Seeley) 

B pente 

Rocky River Hydroelectric Development. ( P berg) 

ugust, 

Rolling Mills, Synchronous Motors for Driving Steel. 

(Berkshire and Winne).............. eere February, 

— —, The Drive of Tuner. Oa a ent ace Sita a June, 

Rubber, Electric Conduction in (Race). . November, 
S 

Saturation Permeameter. (Gokhale)............. March, 


Selection of Motor Equi ment by Principle of Similar 
Speed-Time Curves. idell) December, 
Shunting of Track Citeuit A a Polyphase System. 
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(Estwiek). au eani RR a EEE a July, 
Signals, Power Supply for Railway. (King)...  Sepimber. 
Some Aspects of Pacific Coast Interconnections. 

(Downing j us oa e s eee Sh aes d bm akan May, 
Some LEADERS or THE A. I. E. E. 

William Slocum Barstow..................... June, 
Frank G. Baum.................. 000 e cee eees July, 
Charles Schenck Bradley..................... May, 
William LeRoy Emmet..................... March, 
Winder Elwell Goldsborough................. April, 
William Joseph Hammer.................. February, 
Henry H. Humphrey.................... September, 
Fred Stanley Hunting...................... October, 
C T. Hutechinson....................... August, 
William S. Murray...................05. . November, 
Edward Leamington Nichols............... January, 


Special Alloy Eliminates Erosion of Impulse Wheels. A pril, 
Speed-Time Curves, Selection of Motor Equipment by 


Principle of Similar. (Widell)............... December, 
Sphere-Gap and Point-Gap Arcover Voltage. Carroll 
and Cozzens).............. eee een December, 
Spinning of Cotton Yarn, Variable Speed. (Untersee) 
November, 
SV aren Rotors with Split Resistance Rings. 
CWeiGhsel 232g dx kde tta thew ae mavens Be ugust, 
Stability of rs Welding Are. (Alexander)...... February, 
Steam Data Developed by the Bureau of Standards. . . July, 
Street Railway Mercury Are Rectifiers, Effect of. aly) 
uly, 


Study of High-Voltage Flashovers, A. (Lusignan) December, 
Substations, Mercury Are Rectifier. (Wood)..... October, 
— Passing Out... 0 eee dn ob Rx ES Rea bb RA eds July, 
Superexcitation on Synchronous Condensers. (Jones). May, 


DISCUSSIONS, REPORTS, 


803 
658 


784 
641 


ETC. 


Superimposed High-Frequency Currents for Circuit- 

Breaker Control. (Ludwig) ................... u 
Surge Impulse Breakdown of Air. (Torok)........ March, 
— Voltage Investigation on the 132-Kv. Transmission 


Lines of the American Gas & Elec. Co. (Sporn) 
December, 
— — — — 220-Kv. System of the Pennsylvania Power & 
Light Company. eee Joscss November, 

— — — — Transmission Lines. (Lewis)....... Nov 


— — Investigations on the 140-Kv. System of Consumers 


Power Company. (Hemstreet and Eaton). .J une, 
Switehing of Incoming Lines, Automatic. (Anderson) 
une, 
Synchronizing Equipment, Vacuum Tube. (Belt and 
PA OBI) iu Due ac teu otim a ew Renee ala s i e ry, 
Synehronous Condensers, Superexeitation on. (Jones) 
Ma 3 
— Machines—IV. (Doherty and Nickle)......... M arch. 
— —, The Calculation of the Armature Reactance of. 
$159 mE" April, 
—, — Reactance of. (Park and Robertson).......! May 
— = Motors for Driving Steel Rolling Mills. (Berkshire 
and Winne).................... cee eee February, 
T 
TECHNICAL COMMITTEE ANNUAL REPonTs—1927-1928. 
Applications to Iron and Steel, Committee on 
ovember, 
— — Marine Work, Committeeon............. July, 
— — Mining Work, Committeeon............. July, 
Electric Transportation, Committeeon....... October, 
Electric Welding, Committeeon............. October, 
Electrical Communication, Committee on. . September, 
Electrical Machinery, Committee on.......... October, 
PUCOICOHOEIBUEY and Eleetrometallurgy, Committee 
LR uode A np Mere Ere Vin E EE Lr EA Se Ne ct ; 
Klactropliydios, Committeeon............... August, 
Instruments and Measurements, Committee on. 
August, 
Produetion and Applieation of Light, Committee on. 
September, 
Protective Devices, Committee on.......... November, 
Research, Committeeon................ esee July, 
Transmission and Distribution, Committee on. 
September, 
Tel phic Transmission Theory, Certain Topics in 
(N VOuiSU) d scs evo e M adiu xa Pa d March, 
n Exchange Plants, The Planning of. (Stephen- 
SO e ec ec iu caca usq ene aie ee re LE VEI Y, 
— Lines, Carrier Systems on Long Distance. (Affel, 
Demarest, and Green).................... ecember, 
— Toll Plant in the Chicago Region. (Smith and West) 
January, 
Telephony, Power-Line Carrier. (Fuller and Tolson) 
October, 
—, Problems in Power-Line Carrier. (Wolfe and Sarros) 
October, 
—, Transatlantic. (Waterson)................... A pri 
—, Transatlantic,—The Technical Problem. (Blackwell) 
A ay, 
Testing of Permissible Blasting Devices......... November, 
Thermal Method of Standar poing Dielectric Power Loss 
Measuring Equipment, (Scott, Bousman, and 
Bonediel) 22. bp acne Sota hes ee RIOT UK E Gens May, 
— Volume Meter. (Penney and Fechheimer)..... March, 
Thermionic Tubes, Gas-Filled. (Hull)......... November, 
Three-Phase Voltage ea Mathematical Solution of an 
Unbalanced OMAN). uncus m 6 dh ee EM e June, 
Track Circuit in a Polyphase System, Shunting of. (Est- 
Wick) ost Scie oa hos set va epe mesa uM cer qu. EE July, 
Transatlantic Telephony. (Waterson).. ..... April, 
— —, The Technical Problem. (Blackwell)... oe er Mai ay, 
Transformer Insulation, Relation between Transmission 
Line Insulation and. (Lewis).............. September, 
Transformers Installed in Pee eee Oil Circuit Breaker, 
Application of Wound Type nt. (Rea). .December. 
Transient de on Applieation of D-C. Compound 
Motors. (Ludwig)... RR ee os pril, 
— Disturbances, Quantitative Mechanical Analysis of 
Power System. (Bergvall and Robinson)..... June, 
Translucent Blackboards...................... February, 
Transmission and Distribution, Report of Committee on. 
CTorehio) uuo A SEE le eS September, 
— Experience of the Publie Serviee Company of Colorado. 
(Coover and Hardaway)................. September, 
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Transmission Line Conductors as Affected by Danger of 
Contact in the Span, Formula for Minimum Horizon- 


tal Spacing of (Thomas).................. December, 

— — —, The Vibration of. (Varney).............: May, 
— — Insulation and Transformer Insulation, Relation 
between. (Lewis).............. s. September, 

— Lines, Lightning Experience on 132-Kv. (1926). 
(ODOM 2150555 aai uper tr ec QUEE UR VIDES ds February, 

— —, Surge Voltage Investigation on. (Lewis). November, 
— System Insulation Strength, Rationalization of. 
(SPOP e EL aeo datiuo t t aus de bos e e at Mii AE 
Transportation, Report of Committee on Electric. (Duer) 
October, 

Tuned Radio-Frequeney Amplifiers. (Glasgow)..... May, 
Turbine Generators, Recent Improvements in. De 
une 

Twenty-Thousand Miles of New Highways Planned for 
IO O Ee ok od Ge ae May, 356; June, 
Two Hundred and Twenty-Kv. Transmission Line for the 
Conowingo Development. (Chase)............ October, 


Two-Hange Vacuum Tube Voltmeter, A. (Jansky and 
Feldmán). issu Ghd ba ex RR eru RE NUN S February, 


Use of Very High Voltage in Vacuum Tubes. (Coolidge) 
March, 
Utilization of usd s Pine Timber for Poles. 


CEN GSA) Ls evscaue ox Ree Bae iro under September, 


Vacuum Tube Rectifier, The. (Kuhlmann and Barton) 
January, 


(Belt and Hoard) 
February, 


— — Synchronizing Equipment. 


DISCUSSIONS, REPORTS, ETC. 


914 
353 


637 


105 
|: 495 


641 


741 
327 


415 
440 
752 


126 


212 
645 


17 
113 


World's Largest Electric Lamp... 


Vacuum Tubes, Use of Very High Voltage in. ae) 
arch, 
Variable Speed Spinning of Cotton Yarn. (Untersee) 
November, 
Vector Calculating Devices. (Weinbach)........... May, 
Vibration of Tranmisssion Line Conductors, The. 
(VADON ere Gens Se oo de Can oOo a ate ae ce eee date May, 
Voltages and Current: in Power Systems, Residual 
(COPDOtU es ia ee ts i a ie ee eee ee November, 
—, Economy in the Choice of Line. (Loew)....... August, 
Voltmeter, A High-Speed Graphic. (Hamdi and pile) 
uly, 
—, — Two-Range Vacuum Tube. (Jansky and Feldman) 
February, 

W 
Weighing by Radio. ................0..... 008. January, 
Welding and Manufacture of Large Electrical Apparatus. 
CDU oii credo ds ae eho aad ed Sc Te m E Ma:ch, 
— Are, Stability of the. (Alexander)........... February, 
— Electrodes, Metallie Are. (Green).............. June, 
— of Pipe Lines, Eleetrie. | (Wright)............... June, 
—, Report of Committee on Eleetrie. (Lineoln).. October, 


White Light vs. North Skylight for Color Discrimination. 


March, 

Will Study Transport Facilities of Mississippi..... January, 
— Take Distribution Census for 1930............ January, 
; . . December, 


Z 


Zine Plant of the Sullivan Mining Company, The Elec-. 
troly tic. (Fosdick) te MM te Ea bad November, 
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212 


821 
336 


353 


779 
561 


512 
126 


808 


INDEX OF INSTITUTE AND RELATED ACTIVITIES 


A 

Abridged Papers.................... June, 485; July, 
Acceptance Standards and Service Recommendations 
ugust, 

Dr. Acheson Creates New Fund.............. November, 
A. E. S. C. Year Book Shows Strides in Sta ngatdization 
uly, 

Alexanderson, E. F. W. Receives Ericcson Medal. . March, 


AMERICAN ENGINEERING COUNCIL 
Action of Administrative Board. ..J' une, 464; October, 
American Standard Association Established. December, 
Annual Meeting. . January, 76; February, 
Disbursement of Federal Funds........... December, 
Special Work on Flood Control............. January, 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
Addresses Wanted....February, 159; March, 234; 
April, 306; July 543; October, 768; November, 840; 
December, 
Branches, List of....January, 100; February, 171; 
March, 248; April, 322; May, 396; June, 484; July, 


555; August, 628; September, 694; October, 774; 
N ovember, 850; December, 

Committees eere csv pat ER Tix 3 ' September, 
Conference of Officers and Delegates......... August, 


Convention, Pacific Coast.... April, 299; May, 377; 
June, 456; July, 537; August, 611; October, 

— Summer.. . February, 155; March, 219; April, 
296; May, 375; June, 452; July, 537; August, 

— Winter (1928).. Januar y, 65; February, 152; 
March, 221; April, 

— Winter (1929). ....... KENN P TT PNE December, 


Directors’ Meeting....January, 74; March, 228; 
May, 378; June, 462; August, 616; September, 684; 
November, 

District Prizes Awarded...................... June, 
Honorary Members. .......... July, 540; September, 
Institute Prizes Awarded................... August, 
Meeting, Annual................. eee eee July, 


— Atlanta Regional.... April, 299; May, 377; June, 
456; July, 537; August, 612; September, 683; 
October, 761; December, 


— Baltimore Regional....March, 218; April, 296; 
May, 378; June, 
— Chicago Regional...................... January, 


— New Haven Regional.... March, 219; April, 296; 


May, 376; June, 


— New York Section..................... January, 
— Pittsburgh Section....................... March, 
— St. Louis Regional... .January, 76; February, 154; 

March, 
— Southern Virginia Section................. M arch, 
— Southwestern District..................... April, 
— Special Institute.........0.0..00.....0.0.0.. January, 


Meetings, Future Section....January, 71; February, 
159; March, 234; April, 306; May, 382; June, 467; 
October, 765; November, 836; December, 

— Past Section....January, 79; February, 160; 
March, 234; April, 306; May, 382; June, 467; 
July, 543; August, 620; October, 765; November, 

840; December, 

— Regional, at Baltimore and New Haven. . February, 
Membership, Applications, Elections, Transfers, ete. 
January, 90; February, 166; March, 245; April, 319; 


May, 393; June, 478; July, 552; August, 626; 
Seplember, 689; October, 772; N ovember, 846; 

December, 
Nominations.............. eee eee January, 


Obituary... .January, 79; February, 158; March, 233; 
A pril, 305; May, 381; J une, 466; July, 542; August, 
621; September, 685; October, 767; November, 839; 

December, 

Officers A. I. E. E....... January, 98; February, 171; 
March, 247; April, 321; May, 395; June, 481; 
July, 554; August, 628; September, 691: October, 773; 

November, 849; December, 

Personal Mention....January, 78; February, 158; 
April, 305; May, 380; June, 465; July, 542; August, 
621; September, 685; October, 767; November, 838; 

December, 

Report of Tellers on Amendment to Constitution July, 


SECTION ACTIVITIES: Joint Section and Branch 
Meeting in Oklahoma.................« July, 

— — New York Section to Hear Lecture on Waves 
and Crystals................. Lue. November, 


557 
617 


541 


762 


924 


941 


924 
538 


545 
836 


———— — — Visit Edison Lighting Institute 
December, 

— — Opportunities for the Younger Members in 
Section Meetings................. December, 

— — Recent Developments in Dial System Outlined 
to New York Section.................. May, 

— — Section Organized at Dallas, Texas........ July, 
— — — — — Houston, Texas............December, 


— — Sections, List of....January, 100; February, 
171; March, 248: April, 322; May, 395; 
June, 483; July, 555; August, 628; September. 


693; October, 774; November, 849; December, 

- — — — — Affiliated Student Society... ..Norember, 
December, 

— — Annual College Branch Night of Denver Section, 
June, 

— — at the Atlanta Regional Meeting..... December, 


— — Branch Meetings. . January, 82; February, 161; 
March, 236; April, 311; May, 383; June, 471; 

August, 621; October, 766; December, 

— — — Organized at South Carolina...... November, 
— —— — — University of Vermont.. .June, 
— — Branches Organized at Detroit and Louisville 


July, 

— — Brown Engineering Society Affiliates with 
THstItui8 ue o doe nete n Se red April, 

— — Bucknell University and Pennsylvania State 
ii csi MET April, 

— — Student Activities (by Samuel Evans, Enrolled 
Student) M MAU T RE TIRE Dece mber, 

— — Camp in Adirondaeks Established by Clarkson 
College Students..................4: A pril, 

— — Conference and Convention in District 2 4 
say, 

— ———— Held in Northeastern District. .. June, 


— — — on Student Activities in District No. 2. M ay, 

— — — ————— QD ioco ees o ta oA DIL 

— — — — — — — — IN Oe d'ou cde ed vs E 

— — — — — — — Southern District........ March, 

— — Convention at Lafayette College........ April, 

— — — — Regional Meeting of Great Lakes District 

January, 

— — Eighth Annual Banquet of University of Pitts- 
burgh Branch....................00008 July. 

— — Electrical Reception at Montana State College 
Apri 

— — Engineering Exposition to be held at Lewis 

THSULUÍG. 52 corn oc be Sans Bache Been ae May, 


— — Joint Meeting Held by Cleveland Section. . May. 
— — — — of San Francisco Section and Neighbor- 


ing Branches................... June, 

— — Large A. I. E. E. Student Conference at 
Pittsburgh scs doped oe crabe Februar y. 

— — Lectures on Accident Prevention........ March, 
— — Meeting Held by Ithaca Seetion.......... Man, 
— — — — — Nebraska Seetion..............June, 
— — — — — Vancouver Section............ March, 
— — New York Section Convention..........- A pril, 
— — Northeastern District Holds Student sa 
4 pri a 

— — Pacifie Coast Convention.............. October, 


— — Past Branch Meetings... .July, 546; November, 
— — Program at Los Angeles Section Meeting. A pril, 


— — — — Seattle Section Meeting........... June, 

— — — — Utah Section Meeting............ July, 

— — Third Annual Student Convention of New 
York SeetiOD. eve yuck eee eens dae Mau. 

— — Twenty-fifth Anniversary Meeting of Phila- 
delphis- e oire rasian aaaea L tat July, 

— — Why Student Branches.. "e April 
Tour to Yellowstone Park................. e. .J une, 
Yont ROOK ies bes iuvet REOR Ow obe RE April, 
American Museum of Safety Awards............... June, 
— Year Book, Tie coi oe Si en Ge eR Mee wees July 
— Welding Society Program, The................ October, 
A. S. M. E. Annual Meeting................... N oveniber, 
A. S. T. M. Annual Meeting............... lessen. June, 
A. T. & T. and Western Electric Arrange for Talking 
Pictur s o oue ee e hs eae ies ek Wee Me at uf. June, 
Automotive Engineers to Meet at Quebec............ June, 

B 

Book Review..............00 ee ee eens March, 233; July. 
British Institution of Electrical Engineers, Joint Session 
M arch, 
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C 

Canada to Hold Steel and Power Show.............. June, 
Chicago Office of Employing Service to have New sod 
ay, 
Civil Engineers Annual Meeting.......... PT January, 
Columbia University Scholarships in Electrical Bogin ening 
farch, 
Conference of Impregnated Paper Insulation..... November, 
Convention of the American Gas Association....... October, 
Cooper Union Offers Honor Courses................ April, 


D 


Current Industrial News Digest. . 
174; March, 250; April, 324; May, 398; June, 486; 
July, 558; August, 630; September, 696; October, 776; 

November, 852; December, 
Eleeted Alumni Trustee of Columbia 
December, 


.January, 102; February, 


Dunn, Gano, 


Edison Medal Award............lullleslee eee. January, 
— Receives Medal from Society of Arts and Sciences .J une, 
ENGINEERING FOUNDATION 


Appointment TOES Cost cope: 244k Se SERA April, 
Endowment Committee Seeks Funds........... June, 
William J. Serrill to Head Industrial Standardization 
Movement cas cerned x DA ab ee tee E DES June, 
Typical Large Seale Investigation........... January, 
Engineering Index Service............ 0.000000 eae A pril, 
— Rise in Radio: oves foe iw oo oe awa RE May, 
— Societies Employment — Service....January X9; 


February, 164; March, 243; April, 317; May, 391; June, 
476; July, 551; August, 625; September, 688; October, 771; 
November, 843; December, 

ENGINEERING SOCIETIES LIBRARY 
Book Notices....January, 85; February, 163; March, 
240; April, 315; May, 388; June, 474; July, 548; 
August, 623; September, 687; October, 768; November, 
843; December, 
Engineers Present Holland Tube Seroll........... January, 
— Public Works Bill Hearing Started.... .. May, 


F 


Fellowships and Scholarships in Electrical Engineering 


May, 
Fritz Medal to Mr. Hoover, John............... November, 
Fuel Meeting, Second National mo TEC June, 


I. E. C. Advisory Committee Meets at the Hague..... July, 
Illuminating Engineering Society to Meet at Toronto .July, 
— Engineers and New York Section Joint Meeting... May, 
Increased Enrollment in Engineering Sehool..... December, 
Institute Members Honored by Syracuse Technology Club 


July, 

— Tour to Yellowstone Park.... March, 219; April, 298; 

May, 

Institution of Electrical Engineers Honors President 

Gherardus soli diene hana eon n d car eos el onan September, 

International Aviation Conference............. December, 

— Eleetrotechnieal Commission................. October, 

— [Illumination Congress. March, 229; A pril, 301; May, 

Italian National Research Council................. A pril, 
K 

Kansas City Engineers Club Extends Welcome. . . February, 
L 

Lamme Foundation Award Established........... June, 

-— Medal Ple. 2. etie a on dase habe mes August, 

Lieb, John W., Made Officer of the Legion of Honor 

December, 

Lincoln Are Welding Contest Prizes Awarded........ June, 


Louvain Memorial. . 


January, 76; March, 229; April, 
304; 


May, 379; June, 464; August, 619; October, 765; 
November, 
M 


McGraw-Hill Company Executives Confer with Institute, 


January, 
Medal Presentations; (a) Edison Medal, (b) John Fritz 
Medal eee ccs caused uU Gerais we ata dark ders March, 


456 
380 


~ 


í 


231 
836 
762 
304 
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INSTITUTE AND RELATED ACTIVITIES 


Meeting of the Military Engineers................ October, 
Members Going Abroad............0.. 2.002 A pril, 
Metric Standards Urged at Pacific Conference. ... January, 
Midwest Power Conference January, 77; February, 
Montefiore Prize, The................ ee ee eee May, 


National Academy of Sciences Annual Meeting..... March, 
— Exposition of Power & Mechanical Engineering, Jan- 
uary, 78; October, 


— Fuels Meeting to be Held in Cleveland,........... July; 
New College of Engineering, A....... 0.0.0 ee eee May, 
— — — — for University of Southern California...... July, 
— Course in Fuel Engineering, À......... lesse July, 
— Highway Engineering Bureau................ January, 
— Institute of Chemistry, The................ September, 


— Research Fund for High-Voltage Cable Insulation. July, 
— York Electrical Society Elects New Offieers........ July, 
, Methods of Refrigeration to be Demon- 

strated before... .........0..2005 December, 


— — — — to Visit East River Generating Station. ... May, 

Newton'sPrineipia......... lee June, 
O 

Ohio State Fellowship............. Leere April, 

Opportunity to View Ordnance Tests............. August, 

Order Form for Reprints August, 629; November, 851; 

December, 


P 


Power and Mechanical Engineering, Seventh National Ex- 


DOSIOIEOL. ossi euet deed A HR CAN PEG YS November, 
Prindle, E. J., Addresses Law Association............ May, 
Progress in Air Mail Serviee.......... lesse s December, 
Proposed Letter Symbols for Eleetrieal Quantities... March, 

R 
Radio Engineers Invitation....................0005 May, 
Redetermination of Values of Eleetrieal Units...... August, 
Report of Boulder Dam Bills............. OU .. May, 
Research Fellow Appointments at University of iie 
April, 
— Graduate Assistantships, University of Illinois... March, 


Review of Scientifie Development of 1927........ January, 
Road Builders’ Association Holds Exposition Meet 


January, 

Sehuchardt, R. F., President-Eleet.........0........ July, 
Society of American Military Engineers Extends irs: 
une, 


Special Diesel Engine Course at Brooklyn Polytechnic 

Institute su and ok EC DNE Sec Sex. d August, 
— Notice Regarding the Lamme Medal......... September, 
Standards, A. I. E. E., Revised Section No. 7..... February, 


— Revision of A.I.E.E. Transformer Standards 
Se ptember, 
— New Available........ May, 378; June, 456; December, 
Summer School for Engineering Teachers.... March, 222; 
June, 
Swain George F., of Harvard Receives Lamme Medal 
August, 
T 
Teaching Fellowships in Electrical Engineering...... April, 
U 
United Engineering Society Annual Report........ March, 
— — — Another Bequest................. 000000 April, 
— — — Library Endowment Fund............ November, 
— — — Society Trust Funds..................... April, 
U. S. A. Corps of Engineers Reports on Bridges. . December, 


W 


Washington Award Presentation. ...January, 76; March, 
Welding Meeting Held in Boston............... February, 
Widespread Interest in National Fuels Meeting. September, 
World Congress of Engineers,.... March, 220; April, 301; 

May 377; June, 
— — on Illumination, A........ July, 539; September, 


230 


377 
380 


304 
231 


232 
305 


305 
923 


220 
157 
684 


456 
683 


INDEX OF AUTHORS 


A 
Affel, H. A., Demarest, C. A., and Green, C. W.. . December, 


Alexander, Ps.cc coarse astute 3 eke etr ea nes February, 
Ch P us s vote sue eoo une e edu Oui April, 
Alger, P. L., Diseussion................. January, 54, 
en, R. M. .,&nd Monroe, W. P.................. August, 
Amberg; E: J. vous ELA ER Wade sol V ws August, 
Anderson; A. B.... cou ema RR RENE ERE es June, 
Antoniono, Caesar............... ccc cece eens January, 
Atherton, Avis... Ev a tek NA A eowtet cis August, 
B 
Bailey, Neil P........................ ee ee November, 
Barber, I. G., and Shaekelton, W.J................. June, 
Bardo. B. E. sooo A eu dette ban wipes a ek MEN July, 
Barton, Jas. P., and Kuhlmann, J. H.,.......... January, 
Barton, RC. Diseussion............ n. January, 
Beals, W. B., and Tuttle. By Bees oA October, 
Beck, E. F. Mu eere M E E ay, 
Belt, T. A. E., and Hoard, N.. eese. February, 
Belt, T. A. E., Diseussion.......... sene. January, 
Benedict, R. R., Seott, J. A., and Bousman, H. W..... May, 
Bergvall, R. C., and Robinson, P.H................ June, 
Berkshire, W. T., and Winne, H.A.............. February, 
Blackwell, O. B.... 0.000. ce nee May, 
Booth, R. D., and Moreland, E. L............... November, 
Bousman, H. W., Benedict, R. R., and Scott, J. A... May, 
Braley, H. D., and Hamdi, A. F..................... July, 
Burnham, B:dJ. uu coz a cane ERROR OR es October, 
Burns, R. M., and Freed, B. A.................... August 
C 
Candy «ANE ores cunda ica addio ioo tt audet April, 
Carothers, R. M., and Nickel, C. A.. veiesaces acd MEM, 
Carroll, Joseph S., and Cozzens, Bradley. pisse. December, 
Carty, John J OT eee ere MEME March, 
Chase Po ses ca ge rh uut eub Le domes October, 
Clark, Wallace S........0.0 0.0.0.0. cee ee eee February, 
Coolidge, W. D......... 0.0.0... es March, 
Coover, M. S., and Hardaway, W. D............ September, 
Corbett, | PEA Deana Pete er A Re M es sd BOGE oe oe November, 
Cozzens, Bradley, and Carroll, Joseph S.. .. December, 
Crellin, E. A., Diseussion................... J anuary, 6l, 
Crichton, L. N., and Graves, H.C.,Jr........... February, 
D 
Daly, Charles J..... nooo felts acne bhoe omeds os July, 


. Dannettel, R. C., Leilich, F. T., and Follmer, C. L. "October. 


Demarest, C. A., ‘Green, C. W., 'and Affel, H. A... December, 
Dillard, |) EMEN EUR UAR i et eas uly, 
Doherty, Ree areae ce ka Gaede E E May, 
Doherty, R. E., and Nickle, C. A., Paper........... March, 
Douglas, John F. H. E and Kane, Edward W., Paper 

E January, 
Downing, PNE S ou 24 0b. Sine. dnb ICE X nap IUS eis May, 
Drake, H. W., Committee Report. ............. September, 
Dubilier, Wm., Diseussion...... ........ esses January, 
Duer, J. NV Hu aed MD AI October, 

E 
Eaton, J. R., and Hemstreet, J. G.................. June, 
Edsall, W. S., Diseussion................ sees. January, 
Eglin, W. C. L N a a E A Ea a t an, x June, 
Emanueli, D. reiecit dae ea PEU February, 
Encke, Ludwig PETE E gh tata E ve tt Oct ed cae July, 
Erickson, E. O., and McLaughlin, H.A.. April, 
Estwick, C. Poraa a MEET PPS MED July, 
Evans, R. D., Discussion.................... January, 55, 
F 

Fechheimer, C. J., and Penney, G. W............. March, 
Feldman, C. B., and Jansky, C. M., Jr........... February, 
Fitzgerald, A. S., Diseussion............ s. sess. January, 
Follmer, C. L., Dannettel, R. C., and Leilieh, F. T . October, 
Fornev, Ralph, and Found, Clifton G........... December, 
Fosdick, Ellery R............s s usssesss sees. November, 
Found, Clifton G., and Forney, Ralph........... December, 


Freed, B. A., and Burns, R.M................... August, 
Fuller, L. F., and Tolson, W.A................... October, 
Fuller, L. F., Diseussion....................... January, 
Furth, Ernest L., and Upson, Walter L.............. fay, 
G 

Gear, He Barrens s Shea tba deeds Ab eae April, 
Gherardi, Bancroft, (President's Address). . ...... August, 
Gherardi, Bancroft, Diseussion........... ...... January, 
Glasgow, R: Serce to eiradowe coe xe ade bee aes ay, 
Gokhale, S. L............. Lll. eaaa March 


€ e ee » e e * 9 9 $ v 


ebruary 
Green, C. W.,  Affel, H. A., and Demarest, C.A.. “December. 
Green, J.B 


cor E snare Lash tates HEBES. une, 
Guillemin, Bacheca Maca oas Mica te Os January, 
H 
Hal CDs oe eee ri i be ee oe neta 2 July, 
Hamburger, F., Whitehead, J. B., and Kouwenhoven, . 
. W. B. August, 
Handi, A. F., and Braley, H. D..................... July, 
Hands, C I meas tantes ecl ae Sepe aras April, 
Hardaway, M. D., and Coover, M.S........... September, 
Heller, J. E., Discussion....................0.. January, 
Hemstreet, J. G., and Eaton, J. R.................. June, 
Henderson, M. L., Lyon, W. V., and Wayne, E...... A pril, 
Henderson, S. L., and Soderberg, QUIS its sana E June, 
Hentz, R. A SN aay C Dep qa September, 
Inl C E o odd esos trig alee aset wrasse eR ah a don uly, 
Hilliard, J. D., Diseussion.................sesse January, 
Hinson, N. B., Diseussion.................0000. January, 
Hoard, N., and Belt. TA Michi neo a eb February, 
Hough, E. Ta and Rotty, Or d uuo rd Es March, 
Hull, Albert WE hes GAME UE OR eee ad November, 
Hunt, ive abe Bae Coed ne uot November, 
J 
Jansky, C. M., Jr., and Feldman, C. B........... February. 
Jollyman, J. P., Diseussion..................... January, 
Jones, D.M...... 0... ccc ccc ee cee cee sss. May, 
K 
Kane, Edward W., and Douglas, John F. H....... January, 
Karapetoff, V., Committee Report... uo esa August, 
Kehoe, A. H., "Shaw, C. H., Noe, J. B., and Roper, D. W. 
February, 
Kenyon, Ace osi nt Eu ato iere EA LRL A June, 
King, C. F., Jr. codon ser tend aden ences September, 
Kouwenhoven, W. B., Hamburger, F., and Whitehead, J. B. 
ugust, 
Kuhlmann, J. H., and Barton, Jas. P............. January, 
L 
Langguth, P. O., Spraeklen, E. E., and Marshall, D. E. 
March, 
Lee, E. a Committee Report.................-. August, 
Loe. eM. OC" October, 
iP T o HTTP EP October, 
Leilich, F. T., Follmer, C. L., and Dannettel, R. C. . October, 
Lesser, W. E., Committee Report RP: July, 
WIS Wa Week crocs ees As September, 637; November. 
Lichtenberg, Chester, Committee Report....... December, 
Ianeoln ib (5e. c.g, qna n doce rr des s VES . October, 
Lindsay, M PN ETHER Se: tember, 
Lindvall, F. C., Diseussion.................. January, 
Lishiberger, S. Ix 54.2 25 Gees, ea ee ee ee ecember, 
Littleton, J. L., and Shaver, W. W................ March. 
Loew- DIN. MERCI —— RS August, 
Lolze8Ux. AS oaeee dove aed wa aca UR i November, 
Lowenberg, M. iss Abed, Wan Gye cott eL NC S A July, 
Ludwig, Leon R.................... s. April, 258, June, 
Lusignan, Joseph T.................... sees December, 
Lyon, W. V., Wayne, E., and Henderson, M. L..... A pril, 
M 
MacCutcheon, A. M., Committee Report....... . December, 
Mackey, R. W., Diseussion..................... January, 
MacNeill J: Bike aceite Sa mA ee ae ets October 
Magnusson, C. 16... saepe eoe bee ee . November, 


952 


576 


fac 


3g 
© 


jeg 


Dec. 1928 


Marshall, D. E., Langguth, P. O., and Spracklen, E. E. 


March, 
Mashkileison, L., and Smouroff, A.............. January, 
MeLaughlin, H. A., and Erickson, E. O............. A pril, 
MoeLenegan, D. W., and Summers, I. H........... August, 
MeMillan, F. O., and Starr, E. C............... . December, 
MoeNairy, TM. LeeeLbRLIewuL ERE DESEAS October, 
Michener, Harold, Diseussion.................. January, 
Millar, Preston S., Committee Report.......... September, 
Mitchel: W.- Es oecioeRkIA. REED te sts June, 
Mitkewich,W.W...............0.. rs September, 
Monroe, W. P., and Allen, R. M.................. August, 
Moreland, E. L., and Booth, R. D.............. November, 
Morton I Bieb EM ASUDEATRER November, ` 
Murnaglini ED. euer iewvue a EYE January, 
N 
Nelson, L. V., and Stokes, Stanley................. A pril, 
Newbury BD us lise aeu ete eere NO ees October, 
Nickel, C. A., and Carothers, R. M.............esn. July, 
Nickle, C. A.. and Doherty, R. E.............LL.. March, 
Noe, J. B., Roper, D. W., 'Kehoe, A. II., and Shaw, C. H. 
February, 
Norman, Horace E.................leee eee June, 
INN GUISG, I 5224294 oe Nate d E En deb ie uto wa March, 
P 
Park, R. IH., and Robertson, L................ ssi. .À May, 
Park, R. H., Diseussion........-........leesen. January, 
Peek, F. W., Jr., Committee Report "E July, 
Penney, G. W., and Feehheimer, C. J.............. March, 
Pierce A. (nue ox we ce ww bore dae a aes November, 
R 
Hace. HH m 24 6 ee en eh ate deus November, 
Ramberg, W., and Torok, J.J................. December, 
LO] Cw EOD MP ONT" PRIM December, 
IOTER dc ok Stew bo ek et be ee are we ES December, 
Robertson, L., and Park, R.H...................... May, 
Robinson, P.H. ., and Bergvall, R. C............LL.. J une, 
Itoekwood, Gr IT: d sov RR ERR Rr: A uqust, 
Roper, D. W., Kehoe, A. H., Shaw, C. H., and Noe, J. B. 
February, 
Rotty, O. J., and Hough, E. L......... verses. March, 
S 
Sadler, E. K., Discussion..................0000- January, 
Samuels, M. M., Discussion.................0.... January, 
Sarros, J. D., and Wolfe, W. B................... October, 
Scott, J. A., Bousman, H. W., and Benedict, R. R.... May 
Seeley, Wed ce en RUE head ticks September, 
Service, ARN, EO OTT September, 
Shackelton, W. J., and Barber, I. G................ June, 
Shaver, W. W., and Littleton, J. L........... ..... March, 
Shaw, C. H., Noe, J. D., Roper, D. W., and Kehoe, A. H. 
February, 
sanie" October, 
Smelo N- Nase cena aa iU eek iUi October, 
Smith, Burke, and West, G. B............... s.n. January, 
Smith, M. W., Diseussion..........- eese. January, 


Smouroff, A., and Mashkileison, L....... 


. January, 


INDEX OF AUTHORS 


Soderberg, C. R., and Henderson, S. L.............. June, 
Sorensen, R. W., Discussion VUE TENE ONDE January, 
Sporn, Philip..... February, 105, September, 641, December, 
Sporn, Philip, Diseussion................ January, 51, 53, 
Spraeklen, E. E., Marshall, D. E., and Langguth, P. O. 
l March, 
Starr. E. C., and MeMillan, F.O............... December, 
Stauffacher, E. R., Diseussion............... January, 51, 
Stephenson, W.B......0.0.0.0.0 00000000 ec eee July, 
Stokes, Stanlev, and Nelson, L. V................. April, 
Strang, H. E., Discussion................-0000. January, 
Sullivan, M. R., Discussion. ..............00005 Januar y, 
Summers, I. H., and MeLenegan, D. W........... August, 
Swan W.B. CE Stood os hot ale Berra Esas s March, 
T 

Terman, F. E., Diseussion. eese dJanuadri 
Thau, W. E. , Committee Report. qM July, 
Thomas, Perey H................. eee December 
Thompson, J. S., Diseussion.................... January, 
Janglev. E NE S ccs Bo hace ce. ERROR Bes January, 
Tolson, W. A., and Fuller, L. F.................. October, 
'"'orchigoD. d. oi ct oh iY dn Power, Sd February, 


Torchio, P., Committee Report........ . . September, 


Trok d. one tutius Paca eta d EFE March, 
Torok, J. J., and Ramberg, W. eese Decenber, 
Turley, Tea es hs at oe ee October, 
Tuttle, E. B.. and Beals, W.DB.................... October, 
T weeddale, De ice Aa a hes a edie ee April, 
U 
Untersee E A. zoe oe e a r ES E November, 
Upson, Walter L., and Furth, Ernest L............. . May, 
V 
Vandersluis, W. M................. eee February, 
Varney, Theodore...................0-.220-0020.. May, 
LOGICA TE. en an Mere Aiton leah 4 October, 


Wagner, C. F., Diseussion............... . January, 


Weald Oris. Ross EM EEES tAv cecus fe: A ugust, 
Waterson; Ke We a enh & Sed seed i eser rta Mte April, 
Wayne, E., Henderson, M. L. and Lyon, W. V.. A pril, 
Weichsel, H... 0. cece cece cece eed E ugust, 


VG NI D o euro oa pue wr ba d May, 
West, G. B., and Smith, Burke.. January, 


Whitehead, J. B., Kouwenhoven, | W. | B. and Hamburger, F. 


August, 
Widell, Berndt A... . 0.0... 0.0 ee eee December, 
MW HCOX, Ts NL. eto: seats Gee UE ee bear ace ace December, 
Wilkins, Roy, Diseussion.................. January, 53, 
Williams: Ce oos Som carter Get BAe an x aus January, 
Williams, L. C., Discussion wien a Boia oe EH 
WIISOH, Nie cnce vat qo PERITI Cou OE Er September, 
M AIS CATIA Laid uo eno tt Ws hint celine os, als whanau os June, 
Winne, H. A., and Berkshire, W.T.............. February, 
Wolfe, W. B., and Sarros, J. D....... ee Ca eee October, 
M O0 AP ete ta, duis det ets tate bet D metra givens March, 
Wood, George E................. sees October, 
Wood, R. J. C., Diseussion.................. Januaru, 57, 


Wie J D oc oeste t aaa cce Bato Ea June, 


954 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


gH EHI ELAIHOMOM EAE HELL ALL RU HU UH LA LEE ELA LO LAU LEE ELA LL ILLAE UL HUELLA HR LL LL ETE ALL I LLLA T LU LUUD LOL UELUT LLENO ILLU LU LLLI T EAE LU FEL UU HEU UL UU AUI LO HH HU IO L4 4 EI DEN 
LETTERE ETT ——————— = 
MUGE 


NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies 


Motors.—Bulletin 1118-E. Describes Allis-Chalmers poly- 
phase induction motors, types AR and ARY, with either sleeve or 
tapered roller bearings. Allis-Chalmers Manufacturing Com- 
pany, Milwaukee, Wis. 

Electric Railway Equipment.—Supplement No. 2 to 
Catalog No. 20, 62 pp. Describes O-B electric railway equip- 
ment and accessories. Ohio Brass Company, Mansfield, Ohio. 

Electric Equipment for Petroleum Industry.— Bulletin 
GEA-922, 76 pp. Describes G-E apparatus for the petroleum 
industry. Specific applications are illustrated. General Electric 
Company, Schenectady, N. Y. 

Motors.— Bulletin L-20386, 4 pp. Describes Type CS 
linestart, squirrel cage motors. Westinghouse Electric & Manu- 
turing Company, East Pittsburgh, Pa. 

Texrope Drives.— Bulletin 1228-H, 16 pp. Describes the 
Allis-Chalmers Texrope drive for transmitting power to industrial 
equipment with a reduction in speed from 1:1 up to 7:1 ratio. 
Numerous applications of the Texrope drive are illustrated. 
Allis-Chalmers Manufacturing Company, Milwaukee, Wis. 

Industrial Lighting.—Booklet 448-A, 24 pp. Lists many 
recent developments not mentioned in recent publications of the 
same character, a number of which have been developed for 
specific applications in various locations. Holophane Company, 
Ine., 342 Madison Avenue, New York. 

Linestarters.—Bulletin L-20394, 4 pp. Describes appliea- 
tion and distinctive features of Westinghouse class 11-200 line- 
starters for squirrel cage and wound rotor induction motors. 
Westinghouse Electric & Manufacturing Company, East 
Pittsburgh, Pa. 

Heating Units.—Catalog 7418, 32 pp. Describes Sirocco 
Unit Heaters for floor and ceiling applications. The heater has 
been designed with the requirements of the industrial plant 
heating system chiefly in mind. American Blower Corporation, 
Detroit, Michigan. 

Collector Rail Supports.— Bulletin 31-GA (addenda to 
Bulletin 31-B). Describes a new line of 600-volt collector rail 
supports for eranes, ore bridges and industrial railroad service. 
It contains a table on ratio of steel rail to copper resistance. 
Delta-Star Electcie Company, 2400 Block Fulton Street, 
Chieago, Ill. 

Polyphase Ammeter.— Supplement No. 1 to Bulletin No. 
450. Describes a new and novel instrument, the type HEA-3 
polyphase ammeter for three-phase alternating current circuits. 
With this instrument it is possible to take readings simultane- 
ously in each of the phases of a three-phase circuit. Roller- 
Smith Company, 12 Park Place. New York. 

Motors.—Bulletin, 4 pp. Describes type RS repulsion 
start induction single-phase motors of the brush lifting type, 
from 14 to 40 hp. Built for all standard speeds, voltages and 
sizes. Bulletin, 2 pp. Describes Century type SC squirrel-cage 
induction poly phase motors, from 14 to 200 hp. Century Eleetrie 
Company, 1827 Pine Street, St. Louis, Mo. 

Circuit Breakers.— Bulletin 220, 8 pp. Describes the new 
U-Re-Lite all-steel distribution groups. The bulletin deals 
primarily with the group method of mounting U-Re-Lites on 
all-steel frames. Capacities range up to 1250 amperes in two-, 
three- and four-pole forms for a-e. circuits of 550 volts and less, 
and d-e. circuits of 25 volts and less. I-T-E Cireuit Breaker 
Company, 19th and Hamilton Sts., Philadelphia, Penn. 

NOTES OF THE INDUSTRY 

Electric Machinery Manufacturing Company, Minne- 

apolis, Minn., announees that A. B. King, formerly in eharge 


of eastern sales with headquarters in New York, has resigned to 
become president of the A. C. Morse Company who are sales 


representatives for the Electric Machinery Manufacturing 
company at New Haven, Conn. 

G-E Appoints D. C. Spooner, Jr.—David C. Spooner, Jr., 
for the past four months acting publicity manager of the Mer- 
chandise Department, General Electric Company, at Bridge- 
port, Conn., has been appointed manager of the publicity section. 
He was formerly assistant to the publicity manager, A. L. 
Atkinson, who, in June, was made manager of Cleaner Sales. 

The Wagner Electric Corporation, St. Louis, announces 
the removal of its Los Angeles branch office and service station to 
1220 S. Hope Street. The change was made necessary by the 
rapid growth of business in southern California and Arizona. 

H. N. Felton, branch manager of the Milwaukee office since 
1927 has been made branch manager of the New York office. F.T. 
Coup, in charge of the Cincinnati office since 1921 has been moved 
to the Milwaukee office as braneh manager there. Paul Forsyth 
has been appointed branch manager of the Cincinnati office. 

Anaconda Copper Rebuilds Plant.—The Anaconda Copper 
Mining Company, through its subsidiary, the American Brass 
Company, of Waterbury, Conn., is rebuilding its electric cable 
plant at Hastings-on-Hudson, N. Y. This plant will be con- 
structed to produce the highest quality power cable of all tv pes. 
The best insulating machinery and the most approved drving 
and impregnating apparatus are to be installed. A testing 
laboratory for the most advaneed high-tension eable work 
and for the examination of insulating oils, paper and cable 
sheath is being provided. The Hastings plant, originally oper- 
ated under the name of the National Conduit & Cable Company. 
is one of the oldest makers of power cables in the industry. It is 
also one of the largest copper cable mills in the country. The 
products run annually around 100,000,000 pounds. This figure 
includes other materials, as well as copper in the cable output. 

Lincoln Meter Company, Inc., Appoints L. Dana 
Johnson.—Announcement has been made by the newly-formed 
Lincoln Meter Company, Inc., of Springfield, Ill., organized to 
market Lineoln maximum demand meters and other Lincoln 
produets in the United States, that L. Dana Johnson has been 
appointed sales manager. Mr. Johnson was formerly connected 
with the Sangamo Electric Company in Springfield and later 
as manager of its interests in the far East. 

The Lincoln thermal maximum demand meter is named 
after its inventor, Paul M. Lincoln, president of the new 
company, who is widely known throughout the electrical 
industry and is at present Direetor of Electrieal Engineering 
at Cornell University. Mr. Lincoln is a  past-president 
of the A. I. E. E. Mr. R. C. Lamphier, vice-president 
of the new company, is also well known as president of the 
Sangamo Eleetrie Company of Springfield. Although familiar 
to engineers in the United States, Lincoln meters have 
made their name in Cangda. For nine years the sales curve has 
steadily pointed upward. On Canadian power and commercial 
loads, these meters are successfully helping to eliminate esti- 
mating in billing. 

Manufacturing facilities will be in shape for deliveries from 
Springfield about January 1. Special machinery similar to 
that in the Canadian faetory is being installed. Meters available 
for distribution on the first of the new year include the single- 
phase two- and three-wire ampere-demand-type indicating 
amperes of demand, the polyphase type indieating watts or 
volt-amperes of demand, the graphic or recording types which 
chart a clear line, easily and accurately read. This graphic 
meter will be made in two types, either measuring amperes of 
demand, or watts or volt-amperes of demand. In addition, the 
Lincoln split-core transformer will be available— the device 
which when used with the single-phase demand ammeter enables 
the determination of loads on distributing transformers, lines and 
large machines with loads ranging from 35 to 1000 amperes. 
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